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Alzheimer’s in rat models
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Abstract: In this study, it was aimed to investigate the effects of EVOO, rosmarinic acid and donepezil in Alzheimer's model
to be created with AICIs in rats. For this reason, administration of 100 mg/kg aluminum chloride (AICs) for 15 days to Sprague Dawley
adult male rats; donepezil, Extra-virgin olive oil (EVOO) and rosmarinic acid were administered to three different groups for 21 days
by applying treatment protocols. With this study, we were able to demonstrate that cognitive impairment has been occurred after 15
days of AICIs administration by oral gavage and treatment protocols prevented the occurrence of AD pathology histopathologically.
We also showed that oxidative damage findings which are positively Congo-red stained cell cytoplasm and impaired cell integrity have
been observed in serum and hippocampus. Besides, treatment groups showed better cognitive and motor performance, and there was
no damage to the cells in control and treatment groups. In the rotarod motor performance test, a significant increase was observed in
the donepezil group compared to the AICI3 group at speeds of 26 and 30 rpm. In MVVM, on the 5th day of the experiment, a significant
increase was observed in the donepezil group compared to the AICIs group, as they were spending more time in the hidden platform
area. These results show that 15 days of aluminum exposure is effective in creating a moderate Alzheimer’s pathology, but further
chronic research is necessary to explain the efficiencies of rosmarinic acid and EVOO in treatment.

Keywords: Aluminum chloride, Alzheimer, Donepezil, EVOO, Rosmarinic acid.

Ratlarda aliiminyum Kloriir ile olusturulmus Alzheimer modelinde sizma zeytinyagi, donepezil ve
rosmarinik asidin antioksidan ve noroprotektif etkilerinin karsilastirilmasi

Ozet: Bu ¢aligmada; siganlarda AlCls ile olusturulacak olan Alzheimer modelinde, EVOO, rozmarinik asit ve donepezilin
etkilerinin arastirilmas1 amaglanmustir. Bu sebeple, Sprague Dawley yetiskin erkek siganlara 15 giin boyunca 100 mg/kg aliiminyum
kloriir (AlC3) uygulanmasinin ardindan; ii¢ farkli gruba 21 giin siireyle donepezil, erken hasat sizma zeytinyagi (EVOO) ve rosmarinik
asit tedavi protokolleri uygulanmistir. Bu ¢aligmada, oral gavaj ile AICls uygulamasindan 15 giin sonra bilissel bozulmanin ortaya
ciktigr ve tedavi protokollerinin histopatolojik olarak AH patolojisinin ortaya ¢ikmasini engelledigini goriilmiistiir. Serum ve
hipokampusta da oksidatif hasar bulgular1 olan Congo-red pozitif boyanmis hiicre sitoplazmasi ve bozulmus hiicre biitiinliigi
gosterilmistir. Ayrica, tedavi gruplari daha iyi biligsel ve motor performans géstermis, kontrol ve tedavi gruplarindaki hiicrelerde hasara
rastlanmamugtir. Rotarod motor performans testinde donepezil grubunda 26 ve 30 rpm hizlarda AICl3 grubuna gére anlaml artig
gozlenmigtir. MWM testinde deneyin 5. giiniinde donepezil grubu, platformun bulundugu alanda AICIs grubuna gore anlamli olarak
daha fazla zaman ge¢irdigi gosterilmistir. Bu sonuglar, 15 giinliik aliminyum maruziyetinin 1limli AH patolojisi olusturmada etkili
oldugunu géstermektedir ancak rosmarinik asit ve EVOO’nun tedavideki etkinliklerini agiklamak i¢in daha fazla kronik aragtirmaya
ihtiya¢ duyulmaktadir.

Anahtar sozciikler: Aliiminyum kloriir, Alzheimer, Donepezil, EVOO, Rosmarinik asit.
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Introduction

Alzheimer’s disease (AD) is the most common
neurodegenerative disorder with a gradual deterioration in
cognitive function, leading to reduced quality of life in
humans (41). AD is the most common neuropathological
form of dementia and characterized by senile plaques and
neurofibrillary tangle lesions in the brain, mostly formed
by the accumulation of B-amyloid (AP) and hyper-
phosphorylated tau protein (37). Early identification of
risk factors for AD will allow early diagnosis of the
disease and therefore, develop successful treatment
strategies (13). Although metals such as aluminum,
copper, zinc, lead, mercury, and iron cause neurotoxicity,
it has been reported that aluminum (Al) metal is the
biggest risk factor for the cause and development of AD
(12). Aluminum accumulates in the cortex, cerebellum,
and hippocampus, which are responsible for memory and
cognition (36). It has been shown in many studies that
chronic aluminum chloride (AICIs) application is used as
an AD model in rodents (22, 29).

Currently, there is no drug group or treatment
method that can fully treat AD; however, to increase the
welfare of the individuals who have the disease, dietary
adjustments or treatment programs with certain drugs are
implemented. Acetylcholinesterase enzyme inhibitor
(AChEI) is one of the frequently preferred groups used in
drug treatment. AChEI’s act by preventing enzymatic
degradation and are seen as first-line treatment options for
AD. AChEI group drugs act without changing the
development of the underlying pathology, relieving the
symptoms and increasing the patient’s quality of life and
are considered "symptomatic drugs" (18, 43). Donepezil,
which is still preferred as the first choice for AD treatment,
remains popular due to its low toxicity and good
tolerability (44). Oxidative stress is considered to be one
of the most important causes of pathological phenomena,
such as aging and AD in humans (19). Therefore, the
interest of researchers working in this field are: directed
more towards natural foods containing high levels of
antioxidants recently. Among them, extra-virgin olive oil
(EVOO) has an important place. EVOO is an essential
component of the Mediterranean diet and has been
associated with a long healthy life. EVOO is a complex
mixture with 98% fatty acids esterified with mono and
diglycerols and 2% non-saponified components (14).
Despite our knowledge of EVOO phenol’s protective role
in different pathologies, few studies describe the
molecular mechanisms that show how olive oil affects
longevity. Studies in rodents have shown that animals fed
a diet containing high polyphenols increased cognitive
ability and reversed oxidative damage in the brain (31).
Another phenol carboxylic acid derivative known to have
antioxidant effects is rosmarinic acid (RA); which is in

various foods and plants. RA contains antioxidant, anti-
inflammatory, anti-apoptotic and  neuroprotective
phenolic compounds (30).

In this study, we aimed to investigate the effects of
EVOO, rosmarinic acid, and donepezil on behavioral
paradigms and the therapeutic effects of substances in the
prefrontal cortex and hippocampus of rats in the
Alzheimer’s model to be created with AICl;
administration.

Materials and Methods

Subjects: Thirty-five adult male Sprague Dawley
rats (300-350 gr) were used in this study. All rats were
housed in pairs in cages with free access to water and
laboratory chow. They were kept in a 12h-light/12h-dark
cycle at constant room temperature (22+1°C) and
humidity (60%). Dokuz Eylil University Animal
Experiments Local Ethics Committee approved all
experimental procedures (Ethics committee approval date:
14.12.2017 decision number: 25/2017).

Experimental Design: 35 healthy male Sprague
Dawley rats were divided into five groups: control group,
AICI; group, donepezil group, EVOO group, and
rosmarinic acid group (n=7 in each group). Physiological
saline (PS) was administered to the control group at a dose
of 1 ml orally once a day during the study. AICI; was
obtained from the chemical named AICl; Aluminum
chloride Anhydrous (Sigma-Aldrich CAS number: 7446-
70-0). AICl; was administered orally at a dose of 100
mg/kg for 15 days to the animals once a day to induce
cognitive impairment (24). Donepezil was obtained from
the drug (Pfizer ARICEPT ® 10 mg donepezil
hydrochloride) equivalent to 9.12 mg donepezil as the
active ingredient frequently preferred at the onset of AD.
Donepezil was administered orally at a dose of 5 mg/kg
once a day to the animals (5). EVOO; supplied from oral
preparation (Cardiolive, TUAY, TURKEY). 1 ml of
EVOO was administered orally to the animals once a day
for 1 day (27). Rosmarinic acid was obtained from
rosemary juice (Arifoglu ®). It is obtained from the
aboveground parts of the rosemary plant by the method of
water vapor distillation. Rosmarinic acid was
administered orally at a dose of 1 ml once a day for 21
days to be used in animals (35). At the end of the 5 weeks,
learning and memory were assessed by Morris Water
Maze, anxiety was assessed by open field and elevated
plus maze tests. Motor functions assessed by rotarod
motor performance test. Animals were sacrified under
carbon dioxide anesthesia, blood samples were obtained
drawing all intracardiac blood, and brain tissues were
removed rapidly. The right hemisphere of the brain was
placed in 10% formol for histological examination, while
the other hemisphere was separated from the hippocampus
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and prefrontal cortex. Homogenate and supernatant were
prepared from these separated pieces for biochemical
analysis. The thymus and adrenal gland tissues of the rats
were also removed and their weight was recorded.
Relative adrenal and thymus weight adrenal weight/body
weight ratio; calculated by thymus weight/body weight
ratio.

Morris Water Maze Test (MWM): Learning
experiments were conducted using Morris water maze
test. By placing signs such as a clock and a painting on the
room walls where the pool is located, rats were allowed to
determine their direction using these signs. A video
camera system was installed to monitor and record rats’s
behavior at an average height of 2 m from the center of the
tank. On each test day, rats were placed in the water facing
the pool edge from one of the 3 randomly selected
quadrants without the hidden platform and allowed to
swim until they found the hidden platform. Maximum
swimming time was limited to 60 seconds. If the rat could
not find the platform within 60 seconds, the rat placed on
the for 15 seconds after the try. Each rat was subjected to
five consecutive experiments per day, with intervals of 60
seconds. After completing each experiment, the rats were
taken from the platform, dried, and placed in their cages.
These procedures were repeated for 4 consecutive days.
Thus, a total of 20 experiments was applied to each rat for
4 days. On day 5, a probe trial was applied to each rat. The
platform was removed from the pool, and the rat was
allowed to swim for 60 seconds. Behavioral data were
evaluated using the HVS image video tracking system as
swimming distance, time to find the platform, and the time
spent in each quadrant (39).

Open Field Test (OF): This test is commonly used
to assess spontaneous locomotor activity and anxiety. The
open field consists of a 1x1m area surrounded by a wall of
50 cm in height. A video camera was installed 2.5m above
the apparatus. Each rat was placed in the center of the open
field, and locomotor activity was measured for 5 min in a
soundproof observation room, illuminated with controlled
light (100Ix) (7).

Elevated Plus Maze (EPM): The elevated plus maze
is another commonly used experimental rodent model to
assess anxiety. The elevated plus maze apparatus consists
of a central platform (Scmx5cm) with two open arms
(50cm long, 10cm wide and 0.5cm high borders) and two
closed arms (50cm long, 10cm wide with 40cm high
walls), each elevated 50cm above the floor. Rats were
placed on the platform facing the open arm and were
observed for 5 min. The total number of entries into the
open and closed arms, as well as the entire time spent on
the open and closed arms was measured (15).

Rotarod Test (RT): The rotarod test setup enables
the evaluation of motor performance by measuring

balance, coordination, and motor control. The apparatus
measures the rodent’s ability to stand on a rotating shaft at
a certain speed or with increasing speed. In the speed-
increased protocol, graded speeds between 4-40 rpm are
tried in each trial. The test, which was applied for 300
seconds, it was started with a speed of 16 rpm and
measurements were made gradually at 20, 26, and 30 rpm.
In the five-lane set-ups, two rats were tested
simultaneously. With the help of the mechanism with a
timer on the floor, how long the rat can stand on the shaft
without falling down at any speed was measured, and the
speed it fell for the consequent three times was recorded
as the maximum speed it could walk (2).

Biochemical Analysis: Blood and all tissue samples
were stored at —85°C. Acetylcholinesterase (AChE),
lactate dehydrogenase (LDH) enzyme levels by
spectrophotometric method (Fully automated Roche/
Hitachi cobas ¢501). Malondialdehyde (MDA) levels
were analyzed by Bioassay Technology Laboratory Rat
MDA ELISA Kit (catalog no: E0156Ra, Shanghai, China-
Assay sensitivity 0.01 nmol/ml and detection range is
0.05-10 nmol/ml). AB-42 precursor protein accumulation
was analyzed by Bioassay Technology Laboratory Rat
Soluble Amyloid Precursor Protein Beta ELISA Kit
(catalog number: E01010Ra, Shanghai, China-Assay
sensitivity 0.053 ng/ml and its detection 01-40 ng /ml).
BCA protein Assay kit (Cat No: E- BP-500, Elabscience,
Wuhan, China) was used for protein analyses, according
to the manufacturers’ description. Serum corticosterone
(CORT) levels were analyzed Bioassay Technology
Laboratory CORT - Rat ELISA kit (catalog no: E0496Ra,
Shanghai, China-Assay sensitivity 0.24 ng/ml, detection
range 0.5 ng/ml-100 ng/ml). Protein and serum CORT
levels were measured in the hippocampus, prefrontal
cortex homogenates, and serum.

Histological Analysis: Hematoxylin-Eosin (HE)
staining of brain tissue samples taken from all groups was
performed following the hematoxylin (HX86017674,
Merck Hematoxylin, Darmstadt, Germany) protocol and
congo red staining (ChemBio laboratory research)
protocol.

Statistical Evaluation: All statistical procedures
were performed by SPSS software for Windows, Version
23.0 (SPSS, Chicago, IL). Descriptive statistics for each
variable were calculated. Prior to hypothesis testing, data
were examined with Shapiro- Wilk test for normality and
Levene test for homogeneity of variances as parametric
test assumptions. Differences between groups were
analyzed using one-way ANOVA for data that provide
parametric test assumptions. Bonferroni test was used as
post hoc. Kruskal Wallis test was used to examine the
differences among the groups for the variables that
violates parametric test assumptions. Dunn-Bonferroni
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test was used as post hoc analysis. A value of P<0.05 was
considered to be statistically significant.

Results

Histopathologically, H&E staining showed atrophy,
decreased neuronal cell density, and gliosis in the
prefrontal cortex in the Alzheimer group compared to the
control group. Similarly, in H&E staining in the
hippocampus, the neuronal cell density in the Alzheimer
group compared to the control group decreased, and
gliosis was observed (Figure 1. A). Also, neurofibrillary
tangles were found in the cytoplasm of cells in basophilic
staining in the Alzheimer group (Figure 1. B). Congo red
staining showed positively stained cell cytoplasm and
impaired cell integrity in the hippocampus and prefrontal
cortex of the Alzheimer’s group (Figure 1. C). There was
no damage to the cells in the control and treatment groups.

There was no significant difference between the
groups in the analyzes of the prefrontal cortex MDA,
LDH, cholinesterase, and sAppBeta (Table 1 and Table 2).
The hippocampus LDH level was found to be significantly
lower in the AICI; group compared to the control group
(Table 1). There was no significant difference in serum
CORT level between the groups, serum MDA and

cholinesterase level in the AICI; group compared to the
control group (Table 1), serum LDH level in the AICI;3
group (Table 1) were significantly higher than all groups.

The relative thymus weight showed a significant
decrease in the AICI; group compared to the control group,
and a significant increase in the treatment groups
compared to the control group. There was no significant
difference between relative adrenal weights (Table 3).

There was no significant difference between groups
in the OF (Table 4) and EPM (Table 5). In the rotarod
motor performance test, a significant increase was
observed in the donepezil group compared to the AICls
group at speeds of 26 and 30 rpm. At speeds of 16 and 20
rpm, all groups showed better walking performance
compared to AICI; group (Table 6). In MWM, an increase
in swimming speed was observed in the AICl; group on
the 3rd and 4th learning days compared to the control
group (Table 7). On the 5th day of the experiment, a
significant increase was observed in the donepezil group
compared to the AICI; group, as they were spending more
time in the hidden platform area (Table 8). EVOO and
rosmarinic acid groups also spent more time in the hidden
platform area compared to the AICIz group as shown in
Table 7.

Figure 1. Histopathology results.

A. H&E staining in the prefrontal cortex (x100). B. H&E staining in the hippocampus (x100). C. Congo red staining in hippocampus

(x400) and prefrontal cortex (x100).
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Table 2. Analyzes of cholinesterase, and sAppBeta in prefrontal cortex, hippocampus, and serum.

sAppbeta ng/mg protein Cholinesterase

Prefontal Cortex

Mean % S.D. Median (Min-Max) Mean + S.D. Median (Min-Max)
Control 0.1477+0.03227 0.15 (0.11-0.19) 9445278257 110 (28-150)
AICl3 0.1754+0.0531 0.16 (0.12-0.25) 106.1667+24.9593 104.5 (80-145)
Donepezil 0.1675+0.10917 0.14 (0.06-0.32) 101£38.02631 102.5 (53-146)
EVOO 0.0933+0.03645 0.1 (0.04-0.13) 312.4+471.62623 103 (92-1156)
Rosmarinic acid 0.1597+0.10184 0.14 (0.07-0.33) 55.6+29.2113 45 (36-107)
P Value 0.376 0.356

sAppbeta ng/mg protein Cholinesterase

Hippocampus

Mean + S.D. Median (Min-Max) Mean + S.D. Median (Min-Max)
Control 0.2821 £0.1222 0.2566 (0.1452 — 0.4455) 41 +£27 48 (1-73)
AICl3 0.2821 £0.1222 0.2566 (0.1452 — 0.4455) 41 £27 48 (1-73)
Donepezil 0.3873 £0.2 0.406 (0.1478 — 0.5893) 34+£24 31(9-67)
EVOO 0.3104 +0.0977 0.3132 (0.2077 — 0.4291) 36+£23 35(9-69)
Rosmarinic acid 0.4916 + 0.3466 0.4559 (0.1733 — 1.0575) 13+£8 11(3-22)
P Value 0.406 0.296
Serum sAppbeta ng/mg protein Cholinesterase

Mean + S.D. Median (Min-Max) Mean + S.D. Median (Min-Max)
Control 1.1896 +0.188 1.2999 (0.935 — 1.3471) 151+£36 136 (114 - 197)
AICl3 0.9961 + 0.2956 0.8932 (0.6542 — 1.3939) 202 + 64 201 (137 - 292)
Donepezil 1.1294 +£0.2122 1.2205 (0.7918 — 1.3392) 140 + 32 128 (110 - 190)
EVOO 0.9765 + 0.2926 1.0506 (0.5227 — 1.2285) 137+ 34 136 (88 - 180)
Rosmarinic acid 1.079 £ 0.2706 1.1644 (0.7747 — 1.3392) 130+ 18 121 (113 - 155)

P Value

0.658

0.061

a,b: Different letters on the same line indicate a statistically significant difference. Values are mean =+ standard deviation and Median

(Min-Max).

Table 3. The relative adrenal and thymus weights in the all groups.

Relative Adrenal Weight

Relative Thymus Weight

Groups . . . .

Mean + S.D. Median (Min-Max) Mean + S.D. Median (Min-Max)
Control 0.0236+0.0064 0.0202 (0.0189 — 0.0355) 0.0564 + 0.0073 0.0567 (0.047 — 0.0665)
AlICl3 0.0161+0.003 0.0166 (0.0113 — 0.0198) 0.0363 + 0.008 © 0.036 (0.0249 — 0.0473)
Donepezil 0.0202+0.0074 0.0184 (0.0118 — 0.0333) 0.0833 £0.01332 0.0763 (0.075 — 0.1064)
EVOO 0.0192+0.0067 0.0176 (0.0118 — 0.03) 0.086 £ 0.0076 @ 0.085 (0.0772-0.1)
Rosmarinic Acid 0.0213+0.0022 0.0208 (0.018 — 0.0242) 0.0711 + 0.0065 & 0.0711 (0.0625 — 0.0783)

P

0.166

<0.001

a,b.¢: Different letters on the same line indicate a statistically significant difference. Values are mean + standard deviation and Median

(Min-Max).



177

“(Xe]N-UIJA) UBIPSJA] PUB UOTJBIASD PIEPUE)S F UBIW dI SONJBA "90UIOHIP JuedIUSIS A[[eo1ISye)s & 9JedIpul QU] SWeS 9} U0 SI01Q JUAIIHI( iq‘e

1000 1000 1200 1200 anleA d
q (T00°0 - T00'0) T00'0 0F 100°0 q (T-T00'0) TOO'0  ¥ES'OF6TH'0 g (T-T00'0) TOO'0  #ES0 F 6TH°0 @ (T-T00'0) T  8LEOF LS80  PIOB dlULeWSOY
4(T00°0 - T00'0) TOO'0 0F 1000 ¢(T00'0 - TO0'0) TO0'0 0F 1000 q (T-T00'0) TOS'0  LPSTOF10S0 @ (T-T000) T  80¥°0 F €80 00A3
e(T-T000) T L8HOFSILO (T-T)7T 0FI (T-T)7T 0F1I (T-TT 0FI [1zadauoQ
q(T-T00'0) T00'0  8LEOF#¥1°0 q(T-T000) T00'0  8LEOFHFI'0  ¢(T-T00'0) TO0'0  SLEOFHPI'0 4 (T-T00'0) TOO'0 L8O F98C0 EIOIV
4 (T00°0 - T00'0) TO0'0 0F 100°0 q(T-T00'0) T00'0  8LEOFHFI'0  ¢(T-T00'0) TOO'0  L8Y0OF98C0 (T-T00'0) TOO'0  ¥ESOF 6TH0 [01u0D
(XeIN-unN) uelpaiN aSFued]\  (XeN-UIIN) UelpaN as FuedA  (XeN-UIIN) UBIP3N as Fuedl\  (XeN-UIIN) UeIpaN as F uedp sdnoJs
wdi og wdi 9z wdi oz wdi 9T
'S]|nsal s8] mocmE‘_oth Jojow poJeloy "9 sjge|
*(XeN-UIA) UBIPSJA| PUB UOLBIASD PIBPUR)S T UBdW d1e sanje A sdnouf ay) usamiaq aouaiaip Juediyiubis ou sem aisy
720 148 85€°0 26€°0 720 anfeA d
(8L5-2)65°¢€ vIF8€ (F9eh-vr€)9e6 SEVIFHOVT  (82°G62-9°6TT) 2282 SGSTFLS'GLZ (08-0)82'TT  +T'8TFCTIT (60°8ELT-67'209) 90°6L0T LSOTHFOL I¥IT  PIoe dluLBWSOY
(rev—1920)ve'e  ¥8OFESE (FOET-800)¥0C  8ESFISH (F2'00€-21182) 82262  T'SFIL€6T (256-0)9L°0 S6'€F8'C  (89°0S¥T-G8L) T9'SO0T 96 0STFEH 01 O0A3
(80g—-8T'2) T2 TUIFel'e  (¥99e—-0)9TC  L€1F¥1'8  (VO'TOE-9°222) ¥9'86C GSOI FLL'E6T (8'9€-0) ¥2'0  vL¥1FSS'8  (T0'8ZST-85%G9) T8'ST8  6S ECEFLY TH6 l1zadauoQ
(Les—20T)TLT  ¥OIFL9C  (PP12—-0)950 88CIFST8 (FO'TOE-¥0'€GZ) 88862 ¥8'1CF85'98C (95°02-0) 9'T 86'8FIT9 (L'9T9T-TT'22€) €'€TS LY T6VFR9+08 oIV
(Gzy—-29'T)15¢ 680FcLT (2T'S€—0)952T 2TIFC9TT (FO'TOE-2T'G92) 95'8/¢ 6S¥I F¥L'¥8T (25TT-0) 8°0 90°'SFEI'y  (EV'092T-6V'LLY) L8VSL  1LTITFIYEIS [041u0D
) %mmwx TSN %Mwmx ST (@A-UIN) UeIpa  @rsTum U _D,_m_ﬂw_\v,v_ WSTUIW  (XEN-UIN) UBIDIN (' STUBIIN oo

(S/wo) pasds () (ewn) eaue s|ppIN () (Bwin) swre paso|D (s) (dwin) swue uado (wd) panow aguelsiq

Ankara Univ Vet Fak Derg, 69, 2022

"spaads abelane pue eaJse a|ppIw Ay} ul Juads awi ‘swLie paso]d-uado ‘panow aouelsip [e10) ul sdnolb |je ayl ul 1sa] azew snjd pajeAs|a u| G ajgeL

"(Xe|A-UIJA]) UBIPSJAl PUB UOLBIASD PIepue)s F Ueau oIe sanje A 'sdnoub ay) Usamiag soualaip Juedijiubis ou sem alsy L

82L°0 S0T°0 €800 G0 aneA d

(ve6-LEV) 6V'9  98'1F8T9 (18'G62-9'TC2) 21992  +TLTFH9'89T (95'8-0) 912 SLeFeTe (29TT8Z-EV'9TET) 20EBT  €9°19SFCE'S88T pIoe dJULIEWSOY
(808-6'T) 29 I'CFI8’S  (V2'00€-8'7S2) v'LLZ  TTSIFS6'9LT (z6°'L1-0) 0 LULFTS'E (TO°L0¥2-65°2LS) ST'LYBT  6V'809FE 90LI OOA3
(66'9-T€) 997  6€1F61'S  (862-9679T) 96'99C  TT'SHFHS+ST (z€91-0) ¥8°S v9'sT8TL  (18'6L02-9€7E6) ¥'E0VT 96 TOFFIO TSI [1zedauoQ
(T7'8-86€) 297 8S1F61'°S (21'922-0) ¥8'€TC TS E6FL6'L6] (¥0'T0€-0) 802 61'801FCOLS (68°0TGZ-T°LL0T) ¥9'06ET  S8'89FF99'9SS1 Ele]\
(16'8-9z€) €9 90°TF80'9 (9L°T8Z-8VTT) 9292  T6'8SFILVHT (89°'2T-0) ¥0'T LY9FLS Y (¥1'8.G2-88'186) L9'0Z6T T8 1C9FCS+T8I1 [01u0D
(XeN-UIIN) UBIDSIN  (ISTUBIIN  (XRIN-UIIA]) UBIP3IA ASFULdAL  (XeN-UIIN) UBIPaIA ASFULI A (xeN-ulN) uelpaiy ASTFUBIN sdnois

(s/wo) paads (s) sixejowbiy () awn-eate a|ppIN (w9) panow aouelsiq

'spaads abrlane pue seale afipa-a|ppIW 8y} Ul Juads aWil ‘PaAOLU 30URISIP [€10] By} Ul 1$8) pfaly uado U] 'y ajqe.L



178

Sevin Kandis - Levent Altintas - Servet Kizildag - Fatma Simsek - Mehmet Ates - Hasan Alagam - Nazan Uysal

Table 7. In MWM, an increase in swimming speed observed in the all group on the 3rd and 4th learning days.

Groups 1.day 2.day 3.day 4.day

Control 21.07+1.47 18.67£2.95 16.44+3.07~ 19.56+1.892
AICl3 21.92+2.23 20.47+4.20 34.93+10.64° 27.55+5.62°b
Donepezil 21.69+2.46 20.79+5.19 20.124+3.293,b 21.58+6.71a.®
EVOO 21.19+£3.05 21.49+3.66 27.45+9.122,b 16.62+4.092,>
Rosmarinic acid 20.1844.245 23.01+7.09 30.16+5.643,0 18.3742.882,°

a,b:Different letters on the same line indicate a statistically significant difference (P<0.05). Values are mean+ standard deviation.

Table 8. On the 5th day of the experiment spending time in the hidden platform area in the all group.

Hidden platform area Other platforms

Swim speed

Groups (time) (s) (time) (s) Distance swim (cm) (cmls) Thigmotaxis (s)
Control 23.8944.522,b 11.31£1.73 1604.82+128.51 27.10+£2.10 21.15+6.28
AICl3 19.80£3.372 13.59+1.09 1227.42+148.53 20.27+£2.63 31.08+10.40
Donepezil 31.8949.051° 10.19+£3.31 1207.3+263.33 19.77+4.31 24.11+6.73
EVOO 27.5243.322,0 11.17+1.10 1335.89+246.51 20.514+4.03 21.98+12.28
Rosmarinic acid 28.49+6.623.b 10.06+1.84 1376.38+230.69 23.57+4.53 22.29+2.25

a,b: Different letters on the same line indicate a statistically significant difference (P<0.05). Values are mean + standard deviation.

Discussion and Conclusion

In this study, we were able to demonstrate that
cognitive impairment has been occurred after 15 days of
AICl; administration by oral gavage and treatment
protocols prevented the occurrence of AD pathology
histopathologically. We also showed that oxidative
damage findings have been observed in serum and
hippocampus. Besides, treatment groups showed better
cognitive and motor performance, and there was no
damage to the cells in the control and treatment groups.

Neuropathologically, extracellular B-amyloid plaque
deposition, intracellular neurofibrillary tangle deposition,
neuron and synapse loss, basal forebrain, hippocampus,
and gliosis in learning-related regions are the
histopathological findings for AD (9). In a study in which
100 mg/kg AICI; was administered orally to rats,
pathological changes were not observed in the control
group, while vacuolated cytoplasm, neurodegeneration,
and inflammation were shown in the AICIl; group (22).
Consistent with the studies in the literature, in this study,
hematoxylin&eosin staining showed atrophy, decreased
neuronal cell density, and gliosis in the prefrontal cortex
and hippocampus of rats in the AICI3 group to compare
control group. In the hippocampus, neurofibrillary tangles
in the form of basophilic staining were also detected in the
AICl3 group, unlike the control group. In congo red
staining, positively stained cell cytoplasms and
degenerations were found in the prefrontal cortex and
hippocampus in the AICI; group, unlike the control group.

Oxidative stress is defined as the imbalance between
reactive oxygen/nitrogen species (ROS/RNS) and the

capacity of anti-oxidative protection systems of cells to
neutralize these reagents (32). Recent evidence indicates
that some oxidation products act as biomarkers in some
neurodegenerative diseases, and the lipid peroxidation
product malondialdehyde (MDA) is one of them (3).
Increased MDA levels are observed in the cortex and
hippocampus in Alzheimer’s patients (3), but no
significant difference between groups was observed in the
tissue level in this study. This may be because the AIClI;
application was performed for 15 days, and this period did
not cause oxidative stress at the tissue level. However,
serum MDA level was significantly higher in the AICI;
group compared to the control group, which can be
interpreted as the onset of oxidative stress changes in the
AICI; group.

Lactate dehydrogenase (LDH) is an enzyme found in
almost every cell and tissue in the body. The high total
activity in the LDH enzyme indicates tissue damage or cell
destruction in the body (23). In a study that using the
model induced by AIClIs, it was found that the serum LDH
level of the AICI; group was significantly higher than the
control and treatment groups (19). Interestingly, some
studies using an Alzheimer’s mouse model suggest that
the loss of aerobic glycolysis in the brain is associated with
AD. In a study conducted with APP/PS1 mice, it was
shown that there was a decrease in the expression of the
aerobic glycolysis kinase isoenzyme 1 (PDK1) and LDH
enzyme in the frontal cortex compared to the same age
group control mice at the age of 12 months (28). Besides,
brain imaging studies in humans have shown that the brain
regions most sensitive to amyloid toxicity are in the
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regions where aerobic glycolysis is at the highest level
(42). This situation is defined as a protective mechanism
against A accumulation, and it is accepted that the loss of
this mechanism triggers AD (40). In this study, consistent
with the results in the literature, it was observed that the
serum LDH level of the AICI; group was significantly
higher than the control and treatment groups, and the LDH
activity in the hippocampus was significantly lower in the
AICIl3 group than in the other groups. This result can be
considered an indicator that a moderate level of
Alzheimer’s pathology has begun to occur.

In recent studies, the ratio of organ weight to body
weight is considered the most widely used index to show
stress-induced organ weight changes. Accordingly,
absolute thymus weight can be used as biological
indicators generated in response to stress (16). In this
study, no statistically significant difference was found in
the relative adrenal weights of the control, Alzheimer’s,
and treatment groups. However, a significant decrease was
observed in the relative thymus weights in the AICIz group
compared to the control group, and a statistically
significant increase was observed in the donepezil and
EVOO treatment groups compared to the control group. In
human, animal, and in vitro studies, it has been shown that
phenolic compounds in EVOO are antioxidant molecules
that can scavenge the toxic effects of oxygen metabolism,
such as free radical formation, and thus protect cells
against oxidative damage (25). Donepezil also shows
significant effectiveness in reducing the severity of
neuropsychiatric symptoms in mild to moderate AD (11).
According to the results of this study, results are consistent
with the conclusion in the literature that the use of EVOO
and donepezil reduces the negative effects of stress.

Cognitive impairment is the main clinical symptom
of AD; however, non-cognitive problems such as motor
dysfunctions are also associated with the disease (6, 33).
The decline in motor skills in mild to moderate
Alzheimer’s patients is substantial than in patients with
moderate and severe periods (45). Recent studies suggest
that AChEI’s may improve some of these changes (4). In
another study, it was reported that donepezil in
Alzheimer’s patients did not have any positive effect on
motor functions (17). Also, in another study, enriching the
diet with herbal antioxidants can improve brain damage
and cognitive functions (30). The anti-amnesic activation
effect of rosmarinic acid against neurotoxicity and
neurodegeneration induced by AP in mice was also shown
(20, 26). But in this study, in the rotarod motor
performance test, there was a statistically significant
difference between donepezil and the other groups at 26
and 30 rpm speeds and showed better walking
performance. Studies on the effect of donepezil on motor
performance in the literature are limited, and more
research is needed on this subject.

MWM test is one of the most important methods that
can be used to evaluate learning and memory in
experimental animals with an Alzheimer’s model (38). In
a study, administration D-galactose and AIClz in rats
reported that the donepezil treated group found the hidden
platform, and the swimming distance was significantly
shorter than the AICIz group (8). In this study, consistent
with the results in the literature, it was observed that the
time spent on the platform hidden area on the 5th day of
the experiment was significantly higher in the donepezil
group than the AICI; group. Increased swimming speed in
the MWM is considered one of the indicators of increased
anxiety. In a study shown that the platform finding time of
mice with Alzheimer’s pathology took longer than the
control group, and at the same time, the swimming speed
increased compared to the control group (21). Again, in a
study in which 3xTg-AD mice were used, control mice
were more comfortable swimming; it has been observed
that mice with Alzheimer’s are more stressed and faster
(20). As shown in the literature, MWM measures not only
spatial learning but also anxiety and sensorimotor skills
(2). In this study, it was observed that the swimming speed
of the AICI; group increased significantly on the 3rd and
4th days of the learning experiment compared to the
control group. This situation is consistent with the results
of increased anxiety and prolonged platform finding in
animals with mild Alzheimer’s pathology, as stated in the
literature.

In OF, avoiding the middle area is considered as an
indicator of anxiety. Thigmotaxis is defined as the desire
to spend time near the wall, and it is accepted that animals
displaying anxiety-like behavior show this behavior more
frequently (34). In this study, there was no difference
between the groups in OF and EPM. This result can be
interpreted as that the disease-inducing and treatment
protocols applied to all groups for 5 weeks may cause
similar anxiety.

In conclusion, these studies results show that 15 days
of aluminum exposure is effective in creating a moderate
Alzheimer’s pathology, but further chronic researches are
necessary to explain efficiencies of rosmarinic acid and
EVOO in treatment.
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