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Abstract---Ethnopharmacological relevance: Alzheimer's disease (AD)
as the most common type of dementia is affecting the life of many
senior individuals around the world. Rosmarinus officinalis (R.
officinalis) as a middle east originated plant demonstrated antioxidant
and antitumor effects. This plant traditionally used to treat diabetes
and hypertension, but its mechanism remains unclear. Aim of the
study: In the present study, post-treatment effects of R. officinalis on
learning and memory functions, antioxidant cellular defense and
oxidative stress were investigated using the scopolamine rat model of
AD. Materials and methods: Wistar male rats (170-190 g) were
administered Scopolamine, an anti-muscarinic drug, (2 mg/kg) for 10
days followed by R. officinalis extract (200, 300 and 400 mg/kg)
and/Piracetam (PR; 1 mg/kg, which were administered before
behavioral studies for 10 consecutive days. All the rats were then
subjected to Morris water maze (MWM) task. Biochemical parameters
of oxidative stress were quantified using the whole brain. Results: Our
data showed significant decrease performance in target quadrant in
water maze task following administration of scopolamine (SCOP). Also,
R. officinalis and PR; did not induce any neurotoxicity and hepatotoxic
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effects at the highest utilized doses in healthy rats. Treatment with R.
officinalis extract (200&400 mg/kg) and PR improved memory
performance significantly in comparison with AD rats. In addition, R.
officinalis extract in AD rats exhibited a decrease in malondialdehyde
(MDA) and protein carbonyl (PCO) levels and an increase in total
antioxidant capacity (FRAP) and glutathione (GSH) amounts in brain
and liver. Conclusion: It seems that cholinergic deficits and oxidative
stress are consistently associated with Alzheimer's disease (AD). The
richness of R. officinalis in case of indole alkaloids and flavonoids
confirms the potentials of this herb in management of oxidative stress,
resorting synaptic acetylcholine level and improving cellular
antioxidant resources.

Keywords---Rosmarinus officinalis (ROE), Cognitive Functions,
Scopolamine, TBARS, Memory.

1. Introduction

(Kumar et al., 2018), Alzheimer's disease (AD) is one of the most common types of
dementia affecting the life of two-thirds of cases suffering memory impairment
above 65 years old. Comorbidity of AD with some special types of psychiatric
disorders including depression, anxiety and psychosis, requires certain diagnostic
and therapeutic interventions (Najet al,, 2017). The main pathological aspect of
AD is aggregation of amyloid B (AB) and Tau protein in neural system
(Mattssonet al., 2019; Rabinovici, 2019). Accumulation of AR leads to extensive
synaptic degeneration and neural loss which are assumed as main causes of
memory impairment and cognitive dysfunction. Besides, over activation of NMDA
receptor causes an increase in the cellular calcium content, and facilitates
cellular apoptosis (Pinheiro and Faustino, 2019).

The patients’ abilities to recall and learn are highly affected by cholinergic system
mal function presenting itself as declined levels of acetylcholine in synaptic clefts
(Nam et al., 2019). Medications belong to acetylcholinesterase inhibitors family,
work by recovering acetylcholine levels and improving cognitive performance in
patients. Therefore, medicines such as Piracetamknown to improve the neural
homeostasis. In addition, by modulating BDNF levels, it can recover the cellular
endogenous antioxidant system in encountering free reactive oxygen species
(Leyheet al., 2008).Piracetamtreatment demonstrated probable neurogenesis effect
by increasing the count of BrdU-positive cells in the dentate gyrus which is a
critical region of hippocampus for learning and memory (Kwon etal, 2014).
Finally, this drug acts as a modulator for expression of Pro-inflammatory
cytokines like IL-1pf and COX-2 which leads to improvement in cellular defense
against free radicals which in turn prevents cellular apoptosis (Yoshiyamaet al.,
2010).

Oxidative stress is one of the contributors to the pathological procedure of AD;
therefore, the proper use of antioxidants as free radical scavengers has been
demonstrated promising results (Lorigooiniet al., 2020; Nouriet al., 2020). On the
other hand, scavenging reactive nitrogen species reported to interfere with nitric
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oxide pathway as another factor in AD progression (Pohanka, 2018). Brain
receives higher levels of oxygen from blood and is rich of poly unsaturated fatty
acids (PUFA) in comparison with other tissues, which makes the brain more
susceptible to oxidative stress and neurodegenerative diseases. The high levels of
antioxidant enzymes such as superoxide dismutase and hemeoxygenase in
composition of the senile plaques demonstrate the important role of oxidative
stress in AD pathology (Thapa and Carroll, 2017). Some evidences indicate that
mitochondrial damage which leads to oxidative stress would happen prior to the
formation of AP and cognitive impairment symptoms. High prevalence of AB-
induced excitotoxicity, correlates with oxidative stress and abnormal homeostasis
of bioactive metals as well as lipid peroxidation, which in turn results in the
augmented rate of synaptic loss (Ténnies and Trushina, 2017).

Attention to herbal therapy for neurodegenerative disorders has been grown over
the years. Due to complexity and multifactorial aspects of neurodegeneration,
herbal therapy has presented promising results by offering multi-targeting
pathways in prevention and treatment of diseases such as AD (Geun Kim and
Sook Oh, 2012).

R. officinalis as a plant from Apocynaceae family mainly found in Mediterranean
zone, central Asia and northwest Africa. Rutintrihydrate or rutoside, is the main
consisting flavonoid, and ferulic acid is the main phenol in R. officinalis extract
which is important in treatment of ocular inflammation and diabetes, as well as
some malignancies in traditional medicine (Akhani, 2006; Farahanikia et al.,
2011; Heber, 2004; Mozaffarian, 1996; Sezer and Uysal, 2018; Zargari, 1995). The
selection of R. officinalis (Persian name: Parivash or Periwinkle) is due to its
extensive distribution from northern Spain, western France, central and southern
Europe to Caucasus with containing of variety of important alkaloid,
vincamine(Farahanikiaet al., 2011). Oxindole alkaloids like majdine and
isomajdine considered to be the main consisting alkaloids of R. officinalis extract
which suggested to have free radical scavenging as well as cupric ions reducing
abilities and ferrous chelating potential (Farahanikiaet al., 2011; Gul¢i' n et al.,
2012; Heber, 2004).

Therefore, we investigated the protective effects of R. officinalis extract towards
scopolamine-induced behavioral disturbances and oxidative stress in rats. Since
the common administration of this herbal extract is oral, the possible effects of R.
officinalis extract on liver needs to be investigated, due to it’s being the main
organ for the biotransformation of chemicals within the body.

Besides, the memory performance was analyzed by Morris water maze task and
biochemical assays were performed on samples collected from brain and liver of
animal models by measuring the non-enzymatic antioxidant Glutathione level
(GSH), Total antioxidant capacity level (FRAP), Lipid peroxidation level (MDA) and
Protein carbonylation amount.
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2. Materials and Methods
2.1 Collection, identification and extraction of R. officinalis

R. officinalis was collected from local market of Bhopal, and the aerial parts were
separated and dried at room temperature. Then, the samples were powdered by
mechanical grinding, and the extraction was performed by adding 200 g of the
grinded powder to 400 ml of 70 % ethanol and the obtained mixture was stored
overnight at room temperature. The extracts were then filtered and evaporated
using rotary evaporator (IKA-RVO0S5). The final solution was used to prepare the
required concentrations of R. officinalis extract with distilled water (Voucher no.
ZUMS-1101).

2.2 Animals housing and ethics

Male Wistar rats (Pasteur Institute, Tehran, Iran) in 170-190 g weight range were
housed in plastic cages in the standard laboratory conditions after
acclimatization. All the procedures such as handling, injections and samplings
were approved by the Animal Ethics Committee for prior to the experiments,
complying with the ARRIVE Guidelines for handling the laboratory animals.

2.3 Experimental design

Rats were randomly divided into eight groups each contained 7-8 rats namely,
control group which only received intravenous normal saline, RA group (received
200 mg/kg of R. officinalis extract by gavage), PR group (received 1 mg/kg
Piracetam by IV route), AD group (received 2 mg/kg scopolamine by
intraperitoneal route), AD + PR group (received 2 mg/kg IP scopolamine followed
by 1 mg/kg IV Piracetam) AD + RA groups (first received 2 mg/kg IP scopolamine
and then each group treated with 200,300 and 400 mg/kg of R. officinalis extract
by gavage for 10 days). 24 hours after the last treatment, the animals were
subjected to the behavioral test with Morris water maze (four days of training
followed by one day of probe trial). On the following day, the rats were
anesthetized and decapitated. Then the target organs (brain and liver) were
isolated and stored in -80°c freezer in order to assess the related biochemical
parameters.20

2.4 Water maze task

One of the approved methods to measure memory and cognitive performance is
Morris water maze task. The Morris water maze (MWM; Pishro Andishe Sanat,
Tabriz, Iran) applied in this study, was a round black cylinder (round tank) of
150-cm diameter, and 60-cm depth, with an escape platform which was placed on
a metal basis (45 cm height). The tank was filled with tap water (22-25 °C) so that
the escape platform drowned in the water (2 cm below the surface). The maze was
fixed in the middle of a room with enough surrounding visual clues?2. The clues
were not rearranged during training or test days as animals can refer and
remember the clues for locating where the platform was. An infrared camera,
connected with the MWM software on the computer, was used as a tracking
system to record the whole swimming paths and latency times, a red light was
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used to minimize light reflection from the water as tracking software was sensitive
to light. On training courses, each animal was allowed to swim freely for at most
60 s and in case of finding the platform, stay on it for 10 s. If the animal was not
able to find the platform, they were led by the experimenter towards the platform
and let to stay on it for 10 s. The training continued for 4 sequential days. On the
Sth day (test day), the platform was removed from the water maze in order to
evaluate learning memory of the animals. Each animal was placed randomly on
the water to swim freely for 60 s. Since the platform had been placed at Q: (the
quarter circle of platform), the time which animals spent in Q: zone and the
pattern of their swimming were measured (Ahmadiet al., 2021; Vorhees and
Williams, 2006).

2.5 Evaluation of lipid peroxidation (LPO)

Peroxidation of polyunsaturated fatty acids is one of the main markers in
oxidative stress. The levels of malondialdehyde (MDA) as the main product of LPO
were measured using Thiobarbituric acid at 532 nm (Amiriet al., 2018; Gutteridge
and Halliwell, 1990; Lorigooiniet al.,, 2020). Briefly, 100 mg tissue sample was
homogenate in 500 plKCl (154mM) and then centrifuged at 3500 x g for 10 min.
Then, 1.25 mL sulfuric acid (0.05 M) and 1 mL TBA reagent [TCA (5%)+HCI
(0.5N)+ TBA (0.3%])] 0.2% was added to sediment tubes and put in boiling water
(95-100°C) for 30 min. Afterward, the tubes were moved into ice and 2 mL of n-
butanol was added to each tube and then centrifuged at 3500 x g for 10 min. The
upper layer (n-butanol phase) was separated and the absorbance was measured
at 532 nm. Tetramethoxypropane (TMP) was applied as the standard to gain MDA
content in pmol/g tissue.

2.6 Evaluation of the protein carbonyl (PCO)

Oxidative stress could lead to Protein carbonylation, and loss of function in
critical proteins The PCO levels were measured in reaction with 2,4-
Dinitrophenylhydrazine at 365nm (Ahmadiet al.,, 2021; Dalle-Donne et al., 2003;
Masrouret al., 2018). In brief, 100 mg of tissue was homogenate in 0.5 mL of 20%
(w/v) TCA at 4 °C for 15 min. The supernatant was discarded and 0.5 mL DNPH
(0.2%) was added to precipitates, as well as 0.5 mL of NaOH (2M) as control. After
1 h incubation, 0.5 mL of TCA (20%) was added so as to precipitate proteins!s. All
samples were centrifuged after three wash with 1mL ethanol-ethyl acetate; they
were dissolved in 0.2 mL of guanidine hydrochloride (6 M). Finally, carbonyl
content expressing as nmol/g tissue were obtained by reading the absorbance of
the samples at 365 nm.

2.7 Evaluation of the reduced glutathione (GSH)

GSH counts as one of the main indigenous antioxidants in neural tissue. The
GSH level was measured by DTNB [5,5'-Dithiobis (2-nitrobenzoic acid)] at 412nm
(Kianpouret al.,, 2021; Rahmanet al., 2006; Soneiet al., 2017). Briefly, 100 mg of
tissue was mixed with 1.5 mL EDTA (0.02M) and 1.5 mL TCA (10%W/V) in a
homogenizer. Then, to 0.5 mL of supernatant, 1.25 mL of phosphate buffer (0.4
mol/L) and 0.25 mL of DTNB indicator (0.8 mg/mL; pH = 8.9)was added and
vortexed superbly to measure the emergent color at 412 nm.
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2.8 Evaluation of the ferric reducing ability of plasma (FRAP)

FRAP assay was used in order to determine the total antioxidant power in tissues
using TPTZ [2, 4, 6-Tri (2-pyridyl)-s-triazine] as the sensitive reagent (Benzie and
Strain, 1996; Lorigooiniet al., 2020; Yazdinezhadet al., 2017). A blue colored
complex is formed by reducing the colorless ferric (Fe3*) tripyridyltriazine ions to
ferrous ions (Fe?*) at low pH at 593 nm. Briefly, 100 mg tissue sample was
homogenate in 1mL TCA (6%) and then centrifuged at 3500 x g for 10 min. Then
1.5 mL FRAP solution [Sodium acetate (300mM, FeCls 20mM, TPTZ 10 mM
(10:1:1 V/V/V)] was added to 50 pl of supernatant and the absorbance was
measured at 593 nm.

2.9 Statistical analysis

All the results were expressed as mean = SD, and R studio programming software
was used for statistical analyses. Comparisons between the groups were carried
out using the one-way analysis of variance (ANOVA) followed by Tukey's post hoc
tests. P values less than <0.05 were considered statistically significant. All the
plots were generated using Matplotlib library in Python.

3. Results
3.1 The interventional effects on performance in water maze task

Figure 1. indicated that scopolamine administration induced memory impairment,
and decreased animals’ presence in target escape platform compared with control
group (P < 0.001). Also, treatment of AD rats with R. officinalis extract (300 and
400 mg/kg) demonstrated to be effective on memory impairment in comparison
with AD group (P < 0.01 and P < 0.05 respectively). Similarly, treatment of AD rats
with PR, improved the memory performance compared to AD animals (P < 0.001).
Our data showed no significant difference between normal treated rats with only
R. officinalis extract (400 mg/kg) and PR on memory function (P > 0.05). The
swimming pattern for randomly selected rats on MWT is shown in Figure 2. Our
data revealed almost similar swimming patterns in the target zone (Q2) in AD rats
treated with RA (300,400 mg/kg), while swimming pattern for rats received
scopolamine noticed to be randomized. Besides the rats in AD group mostly swam
at the borders of the tank with lower speeds while the treated rats tried to find the
hidden platform and spent their times mostly in Q2 and Q3.
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Figure 1.Effects administration of R. officinalis extract and Piracetam on Q2
time/total time percentage. Values are expressed as the mean * SD and were
analyzed using One-way ANOVA was used followed by Tukey's post hoc test. *P <
0.05, #+P < 0.01 and ***P < 0.001 compared with control group. #P < 0.05 and
##P < 0.01 and ###P < 0.001 compared with CPF treated rats. NS: Non significant
with CPF treated rats (n = 8-10).
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Figure 2. Randomized select of swimming patterns in the water maze task
3.2 The interventional effects on MDA levels in brain and liver

As depicted in Figure 3, scopolamine administration significantly increased MDA
levels as an indicator of oxidative stress in both brain and liver tissues compared
to control (P < 0.001). Furthermore, Treatment with PR could significantly
decreased cellular MDA amount in brain and tissue in comparison with AD rats



216

(P < 0.05). Although, treatment with all three doses of R. officinalis extract has
ameliorated MDA levels in both brain and liver compared to AD rats (P < 0.001);
MDA levels in treated AD rats didn't demonstrate a significant decrease in brain
compared to control group. In liver, only AD rats which were treated with R.
officinalis extract (200 mg/kg) showed significant difference with control group (P
< 0.01). Also, PR and 400 mg/kg of R. officinalis extract did not affect MDA level
compared with control group (P > 0.05).
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Figure 3 Effects administration of R. officinalis extract and Piracetamon MDA
amount of (A) Brain samples and (B) Liver samples. Values are expressed as the
mean + SD and were analyzed using One-way ANOVA was used followed by
Tukey's post hoc test. *P < 0.05, »*xP < 0.01 and ***P < 0.001 compared with
control group. #P < 0.05 and ##P < 0.01 and ###P < 0.001 compared with CPF
treated rats. NS: Non significant with CPF treated rats (n = 3).
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3.3 The interventional effects on PCO level in brain and liver

As shown in Figure. 4A-B, there were significant differences in PCO levels
between control and scopolamine received rats both in brain and liver (P < 0.001).
Following to administration of R. officinalis extract (300-400 mg/kg) in AD rats,
the PCO levels were declined significantly in comparison to AD group (P < 0.001)
in brain and liver. Our results showed that only 200 mg/kg of R. officinalis extract
+ AD rats didn't express a significant decline in PCO level compared to control
group in both tissues (P > 0.05). Also, the animal treated with PR and ROE 400
groups demonstrated no significant changes in PCO levels compared to normal or
control rats (P > 0.05).
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Figure 4 Effects admlmstratlon of R. officinalis extract and Piracetam on PCO
amount of (A) Brain samples and (B) Liver samples. Values are expressed as the
mean = SD and were analyzed using One-way ANOVA was used followed by
Tukey's post hoc test. *P < 0.05, **P < 0.01 and ##*P < 0.001 compared with
control group. #P < 0.05 and ##P < 0.01 and ###P < 0.001 compared with CPF
treated rats. NS: Non significant with CPF treated rats (n = 3).
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3.4 The interventional effects on FRAP levels in brain and liver

Figure SA-B revealed that administration of scopolamine had a significant
declining effect in FRAP levels compared to control groups in both tissues (P <
0.001). Our data observed significant differences in FRAP concentrations between
AD + ROE (200, 300 & 400 mg/kg) groups compared to AD rats (P < 0.001) in
liver. Interestingly, subsequent treatment with PR augmented the total cellular
antioxidant capacity levels near the control amount (P > 0.05). On the other hand,
our results in brain showed that RA (200 & 300 mg/kg) treatment didn't result in
a significant rise in FRAP level compared to AD rats (P > 0.05). Last but not least,
the animals treated only with PR or RA (400 mg/kg) demonstrated no significant
changes in FRAP levels compared to normal or control rats (P > 0.05).
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Figure 5.Effects administration of R. officinalis extract and Piracetam on Frap
amount of (A) Brain samples and (B) Liver samples. Values are expressed as the
mean = SD and were analyzed using One-way ANOVA was used followed by
Tukey's post hoc test. *P < 0.05, **P < 0.01 and ##*P < 0.001 compared with
control group. #P < 0.05 and ##P < 0.01 and ###P < 0.001 compared with CPF
treated rats. NS: Non significant with CPF treated rats (n = 3).
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3.5 The intervention effects on GSH level in brain and liver

As shown in Figure 6A-B, our data revealed that the scopolamine treated rats
showed significant decline in GSH levels which related to the imbalance between
ROS and antioxidant levels, as well as induction of oxidative stress condition in
both liver and brain (P < 0.001). The data analysis indicated a significant rise in
GSH levels in the brain of AD rats treated with V (300 &400 mg/kg) which were
similar to that of control rats (P < 0.05). PR as gold standard drug in AD,
managed to reverse GSH amount to normal condition (P < 0.001). In contrary, AD
animals treated with V200/V300 demonstrated no significant increase in GSH
content when compared to AD rats (P > 0.05). Finally the animals received PR or
400 mg/kg of R. officinalis extract did not express different cellular GSH level with
control group (P > 0.05).
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Figure 6Effects administration of R. officinalis extract and Piracetam on GSH
amount of (A) Brain samples and (B) Liver samples. Values are expressed as the
mean * SD and were analyzed using One-way ANOVA was used followed by
Tukey's post hoc test. *P < 0.05, »*P < 0.01 and ***P < 0.001 compared with
control group. #P < 0.05 and ##P < 0.01 and ###P < 0.001 compared with CPF
treated rats. NS: Non significant with CPF treated rats (n = 3).
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4. Discussion

The presented study improves our understandings of the probable alternative
herbal therapy for treatment of Alzheimer-like disease in rodent models, as the R.
officinalis extract managed to improve cellular endogenous antioxidant resources.
It can be deducted that, the above mentioned treatment might be capable of
memory improvement via inhibiting the over production of free radicals which in
turn induces the memory system dysfunction.

In the present study, PR managed to invert the overproduction of free radicals
induced by scopolamine administration with a significant suppression effect on
PCO and MDA production. It has been reported that Piracetam improves
mitochondrial dynamics, ameliorates microglia activation, decreases the AP
accumulation and finally modulates pro-inflammatory cytokines interleukin 16
and tumor necrosis factor (Jiang et al,, 2019; Ongnoket al., 2021). In addition to
PR neuro-protective effects, Piracetam managed to recover cellular antioxidant
recourses to normal levels, and yet modulates GSH levels as an endogenous
antioxidant. In this context, PR's effects on recovering cellular antioxidants
suggested to be a result of ameliorating BDNF shortage in neurodegeneration and
decreasing synaptic loss which improves neural homeostasis (Klugmanet al.,
2012). The role of PR in modulating copper and zinc homeostasis could impact
the reducing activity of glutamate cysteine ligase as the rate limiting enzyme in
GSH production (Giacconiet al., 2019; Maher, 2018).

In this study, Scopolamine injection was utilized as a method for cognitive and
memory impairment induction. The obtained results of this study have shown
that SCOP administration led to lower memory performances in water maze task
which followed by escalations in brain and liver MDA and PCO, as well as a drop
in cellular antioxidant capacity. To elaborate more, SCOP administration known
to augment IL-1B, IL-4 and TNF-a levels as the main cellular pro-inflammatory
cytokines. In accordance with our results, Kim and Choi reported that
Scopolamine facilitate neural apoptosis in AD patients by activating p38 and c-
Jun N-terminal kinase (JNK) (Kim and Choi, 2010). Besides it has been proved
that a significant alteration in calcium reuptake induced by SCOP leads to an
increase in the cytosolic calcium, resulted in mitochondrial membrane potential
(AWm) dropping which is a critical part of cellular energy production (San Tang,
2019). SCOP also triggers enzymes critical in function of endogenous
antioxidants, mainly super-oxide dismutase, glutathione s-transferase,
glutathione peroxidase and catalase (Uma and Maheswari, 2014).

In this study R. officinalis extract was selected as the test treatment, which is a
rich source of various indole alkaloids (akuamicine, akuamine, herbaine, hervine,
and tabersonine), oxindole alkaloids (majdine, isomajdine and carapanaubine)
and flavonoids (mainly Rutin and Chlorogenic acid) (Cioritaetal., 2021;
Gaguaet al.,, 2011; Vachnadzeet al., 2010). Indole alkaloids known to demonstrate
various antidepressants, anticancer and anticholinesterase effects on animal
models and cell line studies (Omar et al., 2021). In our study, administration of R.
officinalis extract did not induce any toxic effects on liver tissue at any doses. In
addition, it did not alter the cellular normal MDA and PCO levels. It was
demonstrated that, treatment with 300 and 400 mg/kg of R. officinalis extract
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improved liver tissue's antioxidant capacity when exposed to scopolamine's
hepatoxic effects. Affirmatively, in one study, treatment with V. rosea after
diabetic induction with alloxan, managed to recover the degeneration and
periportal infiltration in hepatic tissue back to normal level (Ghosh and
Suryawanshi, 2001). Based on unique position of liver in circulatory system and
biotransformation of many compounds in liver, we decided to investigate the
effects of R. officinalis extract in liver when administrated in oral as the common
consumption form of beverage and extracts.

Treatment with 300 and 400 mg/kg of R. officinalis significantly improved
memory impairments by SCOP in water maze task. Interestingly, the effects of R.
officinalis at above mentioned doses was not significantly different from that of
Piracetam(P > 0.05). In case of oxidative stress modulation, R.
officinalis significantly suppressed the overproduction of MDA and PCO, as the
direct indicators of oxidative stress and mitochondrial dysfunction, while
recovering the total cellular antioxidants and GSH content. In agreement with our
data, some Indole alkaloids have been introduced for possessing the AChE
inhibiting properties via formation of hydrogen bonds in His440 and Ser 200. In
addition, it is suggested that these substances can modulate overproduction of
tumor necrosis factor alpha (TNF-a), myeloperoxidase (MPO) and mediators such
as nitric oxide (NO) (Hussain et al, 2018). According to a 2021 paper which
relatively confirms our results, it can claimed that Rutin as the main flavonoid in
R. officinalis extract glycoside, binds to B-sheet secondary structure of amyloid
which transforms the polymeric feature of Af, and prevents oligomer-induced
cytotoxicity of Tau protein (Sun et al,, 2021) which can be introduced as a major
mechanism of R. officinalis extract. In addition, rutin administration restores the
nuclear enzyme poly (ADP-ribose) polymerase-1 (PARP-1) activity, which declines
cellular energy consumption as a result of oxidative stress, and via this
mechanism, minimizes the chance of energy depletion (Javed et al.,, 2012).
Besides, It has been reported that excessive activation of autophagy leads to
intracellular deposition of AB, Chlorogenic acid regulates mTOR/TFEB signaling,
and decelerates neural injury (Gaoet al., 2020).

In an overall view, administration of the R. officinalis extract was capable of
remission of memory impairment induced by scopolamine, following the same
pattern asPiracetam. This effect was mainly due to the improvement in neural
defense against free radicals by alleviating the antioxidant system dysfunction.
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