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A B S T R A C T

Excess exposure to Manganese (Mn) promotes oxidative stress and neuro-inflammation. Rutin (RUT) has been
found to exhibit both anti-oxidative stress and anti-inflammatory properties. This study aimed to investigate the
effects of RUT on Mn accumulation, endogenous iron (Fe) depletion, oxidative stress, inflammation and nuclear
factor kappa B (NF-κB) signaling pathways in the hippocampus and striatum of Mn – induced rats. Rats were
treated with 30mg/kg Mn body weight alone or orally co-treated by gavage with RUT at 50 and at 100mg/kg
body weight for 35 consecutive days. Thereafter, we investigated Mn and endogenous Fe levels, acet-
ylcholinesterase activity, oxidative stress markers, pro-inflammatory cytokines and nuclear factor kappa B (NF-
κB) in the hippocampus and striatum of rats. The results indicate that Mn induced Mn – accumulation, Fe
depletion, oxidative stress, inflammation and the activation of acetylcholinesterase activity and NF-κB signaling
pathways in the hippocampus and striatum of the rats. However, RUT attenuated Fe depletion, oxidative stress
and inflammation and suppressed acetylcholinesterase activity and NF-κB pathway via downstream regulations
of tumor necrosis factor alpha, interleukin I beta and interleukin 6. Taken together, our present study demon-
strates that RUT abrogates Mn – induced striatal and hippocampal toxicity via inhibition of Fe depletion, oxi-
dative stress, inflammation and suppressing the NF-κB signaling pathways. Our results indicate that RUT may be
of use as a neuroprotective agent against Mn – induced neuronal toxicity.

1. Introduction

Manganese (Mn) is ubiquitous in the environment and is an essen-
tial element required for many biological processes and systems in the
human body [1]. The primary pathway of Mn exposure for humans and
animals is via ingested food; secondary pathways are via drinking water
and inhalation of Mn contaminated particulates in environmental and
occupational settings. There have been public health concerns on the
adverse health effects associated with elevated Mn exposure [1]. Oc-
cupational exposure to elevated Mn levels may lead to manganese
poisoning, a toxic condition resulting from chronic exposure to Mn
[2–4]. Epidemiological studies have suggested that workers exposed to
Mn may develop adverse neurological effects that are sometimes pro-
gressive and irreversible [5]. Welders exposed to Mn has been shown to
manifest working memory alteration associated with increased activity
in the cingulate cortex and sensorimotor cortex due to subtle working
memory deficits [6].

Mn induced dopaminergic neurodegeneration occurs via generation
of reactive oxygen species (ROS) and dopamine activation [7]. Oxida-
tive stress plays a key role in Mn – mediated toxicity especially on
dopaminergic neurons, thereby causing morphological changes and
reducing their viability [8,9]. Additionally, astrocytes are highly sus-
ceptible to Mn toxicity and have a high tendency to accumulate more
Mn than neurons [7]. Elevated Mn exposure disrupts the neuronal ac-
tivities of astrocytes which include ion buffering, neurotransmitter
synthesis, nutrient delivery and response to toxin stimulation [10]. Mn
exposure also induced a shift in the ratio of Fe (II)/(III) and leads to iron
accumulation via translational repression of Amyloid Precursor Protein
(APP) and H‐Ferritin in rats’ brain [11–13]. These disruptions can in-
duce astrocyte apoptosis [14,15].

Several studies have indicated that iron (Fe) deficiency leads to
increases in Mn concentrations in the brain [16]. Kelleher et al. [17]
have reported that Fe deficiency anemia increases Mn absorption in the
brain via the olfactory tract and leads to increased levels of divalent
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metal transporter-1 (DMT1); thus, Mn accumulation in the brain may
be due to low Fe levels.

The interaction between Mn exposure and Fe deficiency is of great
public health concern because of the ubiquity of Mn exposure. Previous
studies have indicated that the populace in the Niger-Delta region of
Nigeria are at increased risk of elevated Mn exposure via their drinking
water and food [18,19]. Additionally, Fe deficiency is the most common
nutritional deficiency worldwide, especially in children [20]. In Ni-
geria, the prevalence of Fe deficiency anaemia (IDA) among preschool
children aged two and below is estimated at 69% [21] as against 26.7%
reported in children in Malaysia [21]. Therefore, pharmacological
agents that have neuroprotective properties capable of suppressing Fe
depletion, oxidative stress, and neuro-inflammation in Mn exposed
people may ease the public health burden associated with elevate Mn
exposure.

Rutin, (RUT) also known as quercetin – O – rutinoside, is a citrus
flavonoid suggested to have medicinal properties [22]. The primary
source of RUT is citrus fruits such as lemons, buckwheat seeds, oranges,
limes and grapefruits [22]. Animal studies have suggested that RUT has
anti-cancer, antioxidant, and anti-inflammatory properties [23].
Bishnoi et al. [24] reported that RUT may have neuroprotective prop-
erties in animal model. The health benefits of RUT may be due to its
ability to interact with important enzymes involved in antioxidant
systems, signaling cascades involving cytokines or transcription factors
[25,26]. Also, RUT has been reported to attenuate neurotoxicity via
mechanisms involving enhancement of AChE activity, antioxidant
status with concomitant inhibition of lipid peroxidation, neuro-infl-
ammation and apoptosis in rats [27]. To the best of our knowledge,
there have been no studies conducted on the association between ex-
posure to RUT and Mn mediated neurotoxicity in animal model.

The hippocampus is responsible for the integration of spatial
learning and memory information. Moreover, the striatum is one of the
nuclei in the subcortical basal ganglia of the forebrain. It receives do-
paminergic and glutamatergic inputs and serves as the primary input to
the rest of the basal ganglion nuclei. It also responsible for the co-
ordination of multiple aspect of motor/locomotive function, cognition,
action planning, decision making, stimulus response, reinforcement and
learning [28]. Any alteration in the hippocampus and striatum may
lead to impaired spatial learning/memory and neurobehavioral deficits.
Therefore, this study aims to investigate the neuroprotective effects of
RUT on Mn – induced neurotoxicity in the hippocampus and striatum of
rats via mechanisms involving the inhibition of endogenous Fe deple-
tion, AChE activity, antioxidant status with concomitant inhibition of
lipid peroxidation, neuro-inflammation and NF-κB signaling pathways.

2. Methods

2.1. Chemicals

Analytical grade of manganese chloride (as MnCl2·4H2O, ≥99.9%)
and rutin hydrate (Quercetin-3-rutinoside hydrate), epinephrine, hy-
drogen peroxide, 1-chloro-2,4-dinitrobenzene (CDNB), 5′,5′-dithio-bis-
2-nitrobenzoic acid (DTNB), thiobarbituric acid (TBA), glutathione and
trichloroacetic acid (TCA) were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Interleukin 1 beta (IL - 1β), tumor necrosis factor
alpha (TNF – α), interleukin 6 (IL – 6) and nuclear factor kappa B (NF-
κB) Rat ELISA Kit were purchased from Elabscience Biotechnology
Company, (Beijing, China) and ABCAM (UK). All other reagents were of
analytical grade and were obtained from the British Drug Houses
(Poole, Dorset, UK).

2.2. Animal model

Sixty adults male Wistar rats weighing between 140–160 g (8 weeks
old) were purchased from the Department of Biochemistry, Faculty of
Science, University of Port Harcourt and used in the study. The rats

were housed in standard polypropylene cages with a 12-h light/dark
cycle in a well-ventilated rats house and fed on rat pellets and water ad
libitum in their home cages for a period of 2 weeks before the com-
mencement of the experiment. The experimental protocol and animal
care were carried out according to the requirements outlined in the
Guide for the Care and Use of Laboratory Animals approved by the
National Academy of Science (NAS) and published by the National
Institute of Health.

2.3. Experimental design

The experimental design comprised of seventy-five animals of five
groups of fifteen rats each and were treated for 35 consecutive days as
follows:

Group I (Control): Rats were orally treated with normal drinking
water alone for 35 consecutive days.

Group II (RUT alone): Rats were orally treated with RUT alone at
100mg/kg body weight for 35 consecutive days.

Group III (Mn alone): Rats were orally treated with Mn alone at a
dose of 30mg/kg body weight for 35 consecutive days.

Group IV (Mn+RUT50): Rats were orally co-treated with Mn at
30mg/kg body weight and RUT at 50mg/kg body weight for 35 con-
secutive days.

Group V (Mn+RUT100): Rats were orally co-treated with Mn at
30mg/kg body weight and RUT at 100mg/kg body weight for 35
consecutive days.

The doses of Mn (30mg/kg) and RUT (50 and 100mg/kg) used in
the present study were chosen based on the results from a pilot study
conducted in our laboratory and previously published data [27]. The
Mn and Fe levels in the food pellets and RUT were examined as shown
in Table 1 and certified Mn and Fe free before administration to the
experimental animals.

2.4. Tissues preparation

After 24 h of treatment, the final body weights of the experimental
rats were taken before they were sacrificed under light ether anesthesia.
Thereafter, the striatum and hippocampus were carefully dissected
from 60 rats (i.e. 12 rats from each group). Thereafter, the brain regions
from each group were weighed and homogenized with the aid of a
Teflon homogenizer in eight volumes of 50mM Tris−HCl buffer (pH
7.4) containing 1.15% potassium chloride. The resulting homogenate
was centrifuged at 12,000× g for 15min at 4 °C to obtain the post-
mitochondrial fraction and the supernatant obtained was subsequently
used for the biochemical and molecular determinations. Protein con-
centration was determined at 595 nm according to the method of
Bradford [29].

2.5. Analysis of Mn and Fe by atomic absorption spectrometer (AAS)

The hippocampus and striatum of 3 rats from each group were di-
gested according to the method of Mello et al. [30] and Nkpaa [19]. The
brain regions were oven – dried at 120 °C. Thereafter, they were
transferred into a beaker and concentrated HNO3 was added and heated

Table 1
Mn and Fe content of the food pellet and rutin administered on the experi-
mental animal.

Samples Metal content

Mn (mg/kg) Fe (mg/kg)

Food pellet 0.18 ± 0.05 0.65 ± 0.08
Rutin BDL BDL

The data are expressed as mean ± S.D. for 5 replicates of the samples.
BDL=below detection limit of Mn and Fe.
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to boiling. After digestion (as indicated by a clear light solution), the
contents were then transferred into a test tube, cooled and diluted. A
part of the solution was then used for the Mn and Fe analysis with the
aid of atomic absorption spectrophotometer (AAS) (GBC Avanta, PM
AAS, A6600 Australia). Values less than 0.001mg/kg were below de-
tectable limit. The hippocampal and striatal samples were analyzed in
triplicate and the variation in coefficient was usually less than 10%.
Concentrations of Mn and Fe were expressed as milligram per gram dry
weight in hippocampus and striatum.

2.6. Biochemical assays

Acetylcholinesterase activity was determined using acetylthiocho-
line iodide as substrate according to the method of Ellman et al. [31]. In
brief, the assay mixture consisted of 110 μL of distilled water, 20 μL of
100mM potassium phosphate buffer (pH 7.4), 20 μL of 10mM DTNB,
30 μL of diluted sample, and 20 μL of 8mM acetylthiocholine as a
substrate. The degradation of acetylthiocholine iodide was analyzed for
5min (30 s intervals) at 412 nm spectrophometrically and the results
were expressed as μmol/min/mg protein.

Superoxide dismutase (SOD) was assayed by measuring the inhibi-
tion of autoxidation of epinephrine at pH 10.2 (30 °C) according to the
method of Misra and Fridovich [32]. In brief, 50 μL of the sample was
added to 2.4mL of 0.05M carbonate buffer (pH 10.2) and the reaction
was initiated by the addition of 60 μL of 0.3M of freshly prepared
epinephrine. The increase in absorbance at 480 nm was monitored for
150 s at 30 s intervals with the aid of UV–vis spectrophotometer. Re-
action mixture without the enzyme was used as the blank. SOD values
were expressed as nanomoles epinephrine oxidized/min/mg protein.

Catalase (CAT) activity was assayed using hydrogen peroxide as
substrate according to the method of Clairborne [33]. In brief, the assay

medium, containing 1.8mL of 50mM phosphate buffer at pH 7.0,
180 μL of 19mM of H2O2 and 20 μL sample, was allowed to run for
3min at 30 s intervals with absorbance measured at 570 nm with a
UV–vis spectrophotometer. CAT value was expressed as micromole
H2O2 consumed/min/mg protein.

Glutathione peroxidase (GPx) activity was assayed according to the
method of Rutruck et al. [34]. In brief, the reaction mixture consisted
100 μL of 10mM sodium azide, 200 μL of 4.0mM GSH, 500 μL po-
tassium phosphate buffer, 100 μL of 2.5 mM H2O2, and 50 μL of
striatum sample. The total volume was made up to 2.0 mL with distilled
water. The reaction mixture was incubated for 3min at 37 °C. Subse-
quently, the reaction was terminated by adding 500 μL of 10% TCA.
The residual glutathione level was determined by centrifuging the re-
action mixture. The supernatant was thereafter removed and to this,
2.0 mL of 0.3M dipotassium hydrogen orthophosphate solution and
500 μL of DTNB reagent were added. The formed color was read at
412 nm. GPx activity was expressed as unit’s/mg protein.

Lipid peroxidation (LPO) was determined by measuring mal-
ondialdehyde (MDA), an end – product of lipid peroxidation, according
to a modified method described by Farombi et al [35] with slight
modification. In brief, the reaction mixture consisted of 150 μL of 0.1M
phosphate buffer, 50 μL of sample, 100 μL of 10% TCA and 100 μL of
0.75% 2 – thiobarbituric acid (TBA) in 0.1 mol/L HCl. The reaction
mixture was heated at 90–95 °C for 30min. After cooling at room
temperature, they were centrifuged at 8000× g for 10min and the
absorbance of the supernatant was read against distilled water at
532 nm. The level of MDA was calculated using the extinction coeffi-
cient of 1.56×105 L/mol/cm and was expressed as the micromole
MDA formed/mg protein.

Fig. 1. Effects of Rutin on bio-metals (Mn and Fe) levels (mg/kg) in the hippocampus and striatum (A–D) of Mn – treated rats. Mn (30mg/kg body weight); Rutin;
RUT50 (50mg/kg body weight); RUT100 (100mg/kg body weight). The data are expressed as mean ± S.D. for 3 rats per group. a: Mn differs significantly from
control (p < 0.05). b: Mn+RUT50 or 100 differs significantly from Mn alone. #: RUT alone differ significantly from Mn alone.
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2.7. Enzyme – linked immunosorbent assay

The concentrations of interleukin 1 beta (IL - 1β), interleukin 6 (IL –
6), tumor necrosis factor alpha (TNF-α) and nuclear factor kappa B (NF-
κB) were determined using commercially available ELISA kits
(Elabscience Biotechnology Company, Beijing, China and ABCAM, UK)
with the aid of DNM 9602 Microplate Reader (China) in accordance
with the procedure described in the assay manual.

2.8. Statistical analysis

Statistical analyses were carried out using one-way analysis of
variance (ANOVA) to compare the experimental groups (e.g., Mn alone
vs. control, Mn alone vs. Mn+RUT50 or 100, RUT alone vs. Mn alone
and Mn+RUT50 or 100 vs. control) followed by Bonferroni’s post-hoc
test using GRAPHPAD PRISM 6 software (Version 5; GraphPad
Software, La Jolla, California, USA). Values of p < 0.05 were con-
sidered statistically significant.

3. Results

3.1. Effects of RUT on bio-metals levels in the hippocampus and striatum of
Mn treated rats

Fig. 1(A–D) shows the Mn and Fe levels assayed in the hippocampus
and striatum of control and rats exposed to Mn alone or in combination
with varying doses of RUT. Mn-treated rats had a significant
(p < 0.0001) increase in Mn levels in the hippocampus and striatum
when compared to control rats. Endogenous Fe levels in the hippo-
campus and striatum were significantly (p < 0.0001) decreased when
compared to control rats. The exposure of Mn alone significantly in-
creased Mn by 105% and 184% whereas Fe decreased by 41% and 79%
in the hippocampus and striatum, respectively. However, co – treat-
ment with RUT (i.e. Mn+RUT50 and Mn+RUT100) significantly de-
creased Mn levels and increased Fe levels in the hippocampus and
striatum, respectively.

3.2. Effects of RUT on acetylcholinesterase activity in the hippocampus and
striatum of Mn-treated rats

Fig. 2(A and B) shows the effect of RUT on acetylcholinesterase
activity in the hippocampus and striatum of Mn – treated rats. The
experimental rats treated with Mn alone showed a significant
(p < 0.0001) increase in acetylcholinesterase activities in the hippo-
campus and striatum when compared with controls. However, co-
treatment with RUT (i.e. Mn+RUT50 and Mn+RUT100) significantly

(p < 0.0001) inhibited acetylcholinesterase activities when compared
with Mn alone.

3.3. Effects of RUT on oxidative stress indices in hippocampus and striatum
of Mn-treated rats

Fig. 3(A–D) and Fig. 4(A and B) shows the effect of RUT on oxida-
tive stress indices in the hippocampus and striatum of Mn – treated rats.
The experimental rats treated with Mn alone showed significant
(p < 0.0001) decrease in SOD, CAT, GPx activities in the hippocampus
and striatum when compared with controls. However, co-treatment
with RUT significantly (p < 0.0001) prevented decreases in SOD, CAT,
and GPx activity in the hippocampus and striatum when compared with
Mn alone. Additionally, treatment of experimental rats with Mn alone
significantly (p < 0.0001) increased LPO levels in the hippocampus
and striatum when compared with control rats. However, co-treatment
with RUT (i.e. Mn+RUT50 and Mn+RUT100) significantly
(p < 0.0001) prevented the increased LPO levels when compared with
the Mn alone group as shown in Fig. 4(C and D).

3.4. Effects of RUT on pro-inflammatory cytokines in the hippocampus and
striatum of Mn-treated rats

Fig. 5(A–D) and Fig. 6(A and B) depicts the effects of RUT on pro-
inflammatory cytokines namely TNF – α, IL - 1β and IL – 6 in the
hippocampus and striatum of Mn – treated rats. The rats treated with
Mn showed a significant (p < 0.0001) increases in TNF – α, IL - 1β and
IL – 6 levels in the hippocampus and striatum when compared with the
control. However, rats that were co-treatment with RUT (i.e. Mn+
RUT50 and Mn+RUT100) demonstrated significant (p < 0.0001) in-
hibition of Mn – induced increases in pro-inflammatory cytokines in the
rat brain regions when compared with the Mn alone group.

3.5. Effects of RUT on NF-κB in the hippocampus and striatum of Mn-
treated rats

Fig. 6(C and D) depicts shows the levels of NF-κB in the hippo-
campus and striatum of Mn – treated rats. The rats treated with Mn
alone showed significant (p < 0.0001) increases in NF-κB in the hip-
pocampus and striatum when compared with the controls. However, co-
treatment with RUT (i.e. Mn+RUT50 and Mn+RUT100) significantly
(p < 0.0001) prevented the increase in NF-κB when compared with the
Mn alone group.

Fig. 2. Effects of Rutin on acetylcholinesterase (AChE) activity (μmole/min/mg protein) in the hippocampus and striatum (A and B) of Mn – treated rats. Mn (30mg/
kg body weight); Rutin; RUT50 (50mg/kg body weight); RUT100 (100mg/kg body weight). The data are expressed as mean ± S.D. for 6 rats per group. a: Mn differs
significantly from control (p < 0.05). b: Mn+RUT50 or 100 differs significantly from Mn alone. #: RUT alone differ significantly from Mn alone.
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Fig. 3. Effects of rutin on SOD and CAT activities in the hippocampus and striatum (A–D) of Mn – treated rats. Mn (30mg/kg body weight); Rutin; RUT50 (50mg/kg
body weight); RUT100 (100mg/kg body weight). The data are expressed as mean ± S.D. for 6 rats per group. a: Mn differ significantly from control (p < 0.05). b:
Mn+RUT50 or 100 differ significantly from Mn alone. #: RUT alone differ significantly from Mn alone.

Fig. 4. Effects of rutin on GPx activity and LPO level in the hippocampus and striatum (A–D) of Mn – treated rats. Mn (30mg/kg body weight); Rutin; RUT50 (50mg/
kg body weight); RUT100 (100mg/kg body weight). The data are expressed as mean ± S.D. for 6 rats per group. a: Mn differ significantly from control (p < 0.05). b:
Mn+RUT50 or 100 differ significantly from Mn alone. #: RUT alone differ significantly from Mn alone.
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Fig. 5. Effects of rutin on TNF - α and IL - 1β levels in the hippocampus and striatum (A–D) of Mn – treated rats. Mn (30mg/kg body weight); Rutin; RUT50 (50mg/kg
body weight); RUT100 (100mg/kg body weight). The data are expressed as mean ± S.D. for 6 rats per group. a: Mn differ significantly from control (p < 0.05). b:
Mn+RUT50 or 100 differ significantly from Mn alone. #: RUT alone differ significantly from Mn alone.

Fig. 6. Effects of rutin on IL – 6 and NF-κB level in the hippocampus and striatum (A–D) of Mn – treated rats. Mn (30mg/kg body weight); Rutin; RUT50 (50 mg/kg
body weight); RUT100 (100mg/kg body weight). The data are expressed as mean ± S.D. for 6 rats per group. a: Mn differ significantly from control (p < 0.05). b:
Mn+RUT50 or 100 differ significantly from Mn alone. #: RUT alone differ significantly from Mn alone.
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4. Discussion

It is evident from the present study that Mn induced decreases in
endogenous Fe levels in the hippocampus and striatum after 35 days of
exposure. Mn and Fe are competitive inhibitors since they are both
divalent positives ions and usually compete in binding to the blood
carrier proteins and pass via the blood-brain-barrier [36]. Studies have
also shown that long-term exposure to Mn significantly reduced Fe in
human and animal models [37]. The accumulation of Mn in the hip-
pocampus and striatum may have been a result of Fe deficiency in these
brain regions. This is consistent with other studies which reported that
Fe deficiency results in increased Mn concentrations in the brain [12].
The interaction between Mn neurotoxicity and Fe deficiency may have
profound implications such as oxidative stress and neuro-inflammation
in these brain regions.

Acetylcholinesterase is responsible for cholinergic neuro-transmis-
sion termination by rapid acetylcholine hydrolysis [38]. This neuro-
transmitter acetylcholine has been long associated with learning and
memory in previous reports [38]. Elimination of vesicular acetylcholine
transporter as a result of decreased in acetylcholine in the hippocampus
and striatum may led to deficits in long-term potentiation that may
impair spatial memory and locomotion [38]. In the present study, there
was a consistent increase in acetylcholinesterase activity in the hippo-
campus and striatum of rats exposed to Mn alone. This increase may
decrease acetylcholine levels in the synaptic cleft, thereby, resulting in
impairment of spatial learning, memory and locomotion. However, co-
treatment with RUT significantly prevented the increase in acet-
ylcholinesterase activity in these brain regions. This result indicates
that RUT may abrogate neurobehavioral deficits in Mn – induced
neurotoxicity attributed to acetylcholinesterase inhibition.

The present study demonstrates that Mn treatment is associated
significant decreases in SOD, CAT and GPx activities and increased LPO
levels in the hippocampus and striatum. This may be as a result of the
high polyunsaturated fatty acid content of the brain which renders it
highly sensitive to stress-induced neurodegeneration via ROS genera-
tion which may lead to oxidative damage and lipid peroxidation [39] in
the tissues. Several reports have indicated that oxidative stress induced
by free radicals is a major pathophysiological process in secondary
neuronal damage [39]. However, co – treatment with RUT significantly
prevented oxidative damage via improving the antioxidant status along
with concomitant inhibition of LPO in the hippocampus and striatum;
therefore, indicating the antioxidant and anti-lipid peroxidative prop-
erties of RUT in Mn – induced neurotoxicity.

The brain is highly susceptible to inflammation which may induce
neurobehavioral deficits and functional alteration of the brain [23].
Neuro-inflammation has been reported to be an important pathophy-
siological process involved in secondary neuronal damage [40]. How-
ever, the underlying molecular mechanism of Mn – mediated neuro-
inflammation is not fully understood. In the present study, we in-
vestigated the role of NF-κB in Mn – induce neuro-inflammation. NF-κB
signaling pathway plays a major role in inflammation. Under normal
biological conditions, NF-κB is bound to IκBα, its inhibitory protein in
the cytosol. Activation of IκBα results in its phosphorylation and de-
gradation, thereby resulting in the phosphorylation and translocation of
NF-κB into the nucleus from the cytosol. Nucleus bound NF-κB activates
the transcription of its target genes such as TNF-α, IL-1β, and IL-6 [41].
The present study shows that Mn induced the activation of NF-κB sig-
naling pathways in the hippocampus and striatum which regulates
genes involved in inflammation. However, RUT seems to effectively
abrogates the activation of NF-κB signaling pathways and may have
been responsible for the decrease in the pro-inflammatory cytokines
(TNF-α, IL-1β, and IL-6) observed in the hippocampus and striatum.
Our results therefore show the anti – inflammatory properties of RUT in
Mn – induced neuro-inflammation.

5. Conclusion

Taken together, our present study demonstrated that RUT seem to
abrogates Mn – induced striatal and hippocampal toxicity via inhibition
of iron depletion, acetylcholinesterase activity, oxidative stress and
neuro-inflammation and suppression of the NF-κB signaling pathways.
These results indicate that RUT may be used as neuroprotective agents
against Mn – induced neuronal toxicity.
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