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Extended Abstract

Background and Aim: Alzheimer's disease (AD) is the most of dementia worldwide, and

neuroinflammation, particularly tumor necrosis factor-alpha (TNF-QU), ritic e in its pathogenesis. Given the

adverse side effects of current pharmacological treatments, non-phari al interventions such as aerobic exercise
and herbal supplements have attracted increasing attenti > fficinalis (sage) is a medicinal plant with known anti-

inflammatory and antioxidant properties. Aerobic exeg shown to improve cognitive function and reduce

animal model of AD. The findings maygprovi safe, and effective therapeutic strategy for managing AD-related
neuroinflammation and behavioral deficit: t
Wistar rats weighing 270-300 g and aged 8
(temperature: 22 + 20 °C, humi

months. The animals were housed under standard laboratory conditions

+ 55%, and a 12-hour light/dark cycle) with free access to food and water. All

group): (1) diseased c
days per week), (4
Additionally, eig ats were considered as the healthy control group (HC).Alzheimer's disease was induced by a
single intra ion of trimethyltin (TMT) at a dose of 10 mg/kg. The sham group received an equal volume of

normdal s e solvent. The Salvia officinalis extract was prepared using the ethanolic extraction method and

admin ed intraperitoneally at a dose of 50 mg/kg for the treatment groups. The aerobic exercise protocol consisted of

treadmill ing for 8 weeks, three sessions per week, with each session lasting 30 minutes at a speed of 10-15
m/min.Locomotor-exploratory performance was assessed using the open field test. In this test, each rat was placed in the
center of an open field arena (100 x 100 x 40 cm) and allowed to explore freely for 5 minutes. The total distance traveled,

number of rearing, and time spent in the center were recorded as indicators of locomotor and exploratory activity. At the
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end of the study, the animals were anesthetized, and brain tissue samples were collected for molecular analysis.The

expression level of tumor necrosis factor-alpha (TNF-Q) was evaluated by real-time polymerase chain reaction (real-time
PCR). Total RNA was extracted from the hippocampal tissue, and complementary DNA (cDNA) was synthesized. The

relative expression of TNF-Q was calculated using the 2*-AACt method, with GAPDH as the internal control.Data were
analyzed using SPSS software (version 22). All values were expressed as mean % standard deviation (SD). One-way
analysis of variance (ANOVA) followed by Tukey's post hoc test was used to compare the means among the groups. A p-
value of less than 0.05 was considered statistically significant.Findings: The results of this study demonstrated that
induction of Alzheimer's disease (AD) by trimethyltin (TMT) caused significant behavioral and molecular
diseased control group compared to the healthy control group. Specifically, AD induction led to a signifi
distance traveled in the open field test (p = 0.001), indicating impaired locomotor activity. Addition

center of the field was significantly reduced (p = 0.001), reflecting increased anxiety-like behavi ced exploratory
tendency. The number of rearings also showed a significant decrease (p = 0.001), suggesti

S W ).001), which is a well-

Jroup.Mare importantly, the combined intervention (aerobic
exercise + Salvia officinalis extract) was significantly morg effective than either individual intervention alone (p = 0.001).

number of defecations. Moreover, the & te in TNF-O levels was observed in this combined group, indicating

a synergistic anti-inflammatory effect of a rcise and Salvia officinalis extract.These findings suggest that both

aerobic exercise and Salvia officinalis extra ither alone or in combination, can effectively ameliorate AD-induced
behavioral deficits and neuroinf n. However, the combined intervention appears to provide the most pronounced
therapeutic benefits, likely due e Bynergistic effects of exercise-induced neuroplasticity and the anti-inflammatory

properties of Salvia officinali ults support the potential of non-pharmacological combined interventions as a safe

and effective strategy f AD-related behavioral and inflammatory complications.

.Table 1. Behaviora s and TNF-OL gene expression in the study groups: ANOVA results and descriptive statistics

. -

Variable Healthy Diseased Sham Salvia Aerobic Exercise + Mean
control control officinalis exercise Salvia Square
officinalis

Distance traveled 4542 + 26.14 + 32.85+2.23 1225.94 358.59
2.19 1.99 1.82 1.64 0.83
T 242,00+ 4575+ 4714+ 80.85% 82.00 + 121.42+6.09 4311640 82578  0.001
6.67 9.77 1.32 4.15 3.46
13.14 + 312+112 271+  7.85+098 9.28+1.03 12.00+1.19 153.31 141.69  0.001
0.83 1.03

Number of 471+ 12.87 + 1214+ 857 +1.29 842+159 6.42+1.59 92.27 50.79 0.001
defecations 1.03 0.83 1.55
Percentage of non- 95.12 + 30.50 £ 3087+ 51.83+ 54.50 + 58.62 + 1.59 50/4488 24/1005 0.001
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0.03

1.64 1.60

repetitive . 2.72
alternations (%)
TNF-a gene 1.00 + 291+0.09 292+ 2,12 £0.02 1.78+0.01 1.15+0.02 5.53 244161  0.001

expression (relative A% 0.05

expression)

Conclusion: The findings of this study demonstrated that both aerobic exercise and Salvia officinalis extract significantly

improve locomotor-exploratory performance in an animal model of Alzheimer's disease (AD). These ficial effects

appear to be mediated through the reduction of tumor necrosis factor-alpha (TNF-Q) and the modulati mmatory
responses. Notably, the combination of aerobic exercise and Salvia officinalis extract exhibited a gisti t, leading
to greater improvements in behavioral indices and a more pronounced reduction in TNF-Q | compared to either
intervention alone. Therefore, this combined non-pharmacological approach may serve a a ective strategy to
help slow the progression of AD and alleviate its behavioral and inflammatory tioms. Further studies are
recommended to explore the underlying molecular mechanisms and to confirm thes ing ical settings.

Keywords: Aerobic training, Salvia officinalis extract, Locomotor-exploratory ace, Tumor Necrosis Factor-Alpha,

Alzheimer's disease.
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Abstract

Background and Aim: Alzheimer's disease (AD) is the most commonﬁa nd neuroinflammation and tumor

necrosis factor-alpha (TNF-Ql) play a role in its pathogenesis.Ji€onsiderifig,the side effects of existing medications, non-

pharmacological interventions have gained attention. This st d to inveStigate the independent and combined effects

of aerobic exercise and ethanolic extract of Salvia ofﬁq’nalﬂ)n r-exploratory performance and TNF-Ql levels in an
animal model of AD. Materials and Methods: In this eri dy, 48 male Wistar rats (weight: 270-300 g; age: 8—
10 months) were divided into five groups: diseas , Salvia officinalis extract (50 mg/kg, intraperitoneally, 7
days per week), aerobic exercise (8 weeks, 3 sessiol ek), and aerobic exercise + Salvia officinalis extract. Eight

healthy rats were also considered as the healthy c group. AD was induced by a single intraperitoneal injection of

trimethyltin (10 mg/kg). Locomotor-exploratory p')rm
evaluated by real-time PCR. Data werg an using o

e was assessed using the open field test, and TNF-Ql was
-way ANOVA and Tukey's post hoc test. Findings: AD induction
eled (p = 0.001), time spent in the center of the field (p = 0.001), and

caused a significant decrease in the

number of rearings (p = 0.0

compared to the healtMon
(p = 0.001). The combined

increase in the number of defecations (p = 0.001) and TNF-Q levels

oth individual interventions improved behavioral indices and reduced TNF-Ql
tion was more effective than either individual intervention (p = 0.001), and the greatest

reduction in-T NF-Q. was ed# this group. Conclusion: Aerobic exercise and Salvia officinalis extract improve

locomotagzexpl ce in an animal model of AD by reducing TNF-Ol and modulating inflammatory responses.
The combinati rventions showed a synergistic effect and can be considered as a non-pharmacological

the progression of the disease.
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