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ABSTRACT — We aimed to assess the possible effects of
hydroethanolic extract of Costus afer on long-lasting
cognitive and affective disorders due to an early life
neuroinflammation induction with lipopolysaccharide (LPS).
At postnatal day 14(PND 14), neonate rats were exposed
with single dose to LPS (250 ug/kg, i.p.), and 24 h later
treated with either Costus afer extract (400 mg/kg, p.o.) or a
reference drug melatonin (10 mg/kg, i.p) for two weeks. At
PND 90, cognitive abilities as well as affective status were
examined, followed by the biomarkers assay in the brain. As
results, the Costus afer extract significantly prevented the
neonatal exposure to LPS-induced recognition and working
spatial memory deficits in adulthood. Furthermore, the
extract of Costus afer attenuated anxiety- and depressive-like
behaviors caused by the LPS. Otherwise, the treatment with
Costus afer extract significantly inhibited the lipide
membrane peroxidation through a reduction of
malondialdehyde (MDA) level as well as the decrease of
nitric oxide (NO) content, mainly in the hippocampus.
Overall, the treatment with Costus afer extract seems to be a
bit more efficient than that of the melatonin. Our findings
suggest that Costus afer possesses some neuroprotective
effects.

However, additional pharmacological approaches are
needed before promising Costus afer as effective therapeutic.

Keywords - Anti-oxidative stress; cognitive-affective
disorders; Costus afer; neonatal neuroinflammation

I. INTRODUCTION
Most of the cognitive and behavioral impairments
are resulting from neuroinflammatory processes. The chronic
neuroinflammation is suggested to promote

OISO

neurodegenerative diseases such as Alzheimer’s disease
(AD) and Parkinson’s disease (PD)*® as well as
neuropsychiatric disorders including depressive mood. 1 In
fact, AD is characterized by extracellular B-amyloid (Ap)
aggregated, extensive neuronal loss in the brain followed by
memory deficit and cognitive decline. Previous researches
have  demonstrated a  causal relationship  of
neuroinflammation as etiology factor in the occurrence of
AD-like model of neuronal pathology in the brain.[57]
Moreover, there is growing of evidence that the systemic
inflammation is associated with spatial learning and memory,
and cognitive impairmentst®®l, whereas some other studies
have revealed that the pathogenesis of depression are tightly
linked to the neuroinflammation.% Neuroinflammation
processes involve the activation of brain immune cells,
namely microglia, which in turn release pro-inflammatory
mediators like tumor necrosis factor-alpha (TNF-a),
interleukin-1B (IL-1B) and contribute to free radicals
generation.™™ One of the subsequent effects of
neuroinflammation-mediated microglia activation is the
production of nitric oxide (NO) catalyzed by inducible-nitric
oxide synthase (i-NOS).

The administration of endotoxin lipopolysaccharide (LPS), a
component of the outer membrane of negative-gram bacteria,
is used as an experimental model of inflammation after
intraperitoneal injection. In fact, LPS can induce
neuroinflammation using rodents.? On the other hand, the
systemic inflammation by the LPS could be accompanied by
the production of the high level of blood cytokines released
in the brain to cause neuroinflammation.*®! Also, it has been
reported that LPS inters in brain tissue via the
circumventricular and promotes locally the cytokines release
to exacerbate the neuroinflammatory effects. Importantly, the
brain of neonates is more sensitive in response to systemic
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inflammation, and early life immune activation by LPS could
have a short-term effect such as neurodevelopmental
disturbance and long-term neurofunctional deficits. For
instance, the immune activation between 3™ and 5 postnatal
days increased the cytokines release in the hippocampus in
adulthood 4! as well as cognitive impairments. %]

Costus afer (Costaceae) is a rhizomatous herb of the Costus
genus, mainly found in forest belts in the countries of West
Africa and in South Africa ¢, It is used as folklore medicine
to treat and manage a range of diseases, including malaria,
diabetes mellitus, arthritis, stomach disorders, inflammation.
171 Costus afer is rich-polyphenol compounds, and the
phytochemicals constituents are essentially represented by
flavonoid and alkaloid.l*8 Also, it has been reported some
anti-inflammatory properties of Costus afer using a rat’s
model of Arthritis %, as well as antioxidant and lipid
peroxidation inhibition properties. 81 However, no study has
been led on the neuroprotective actions of Costus afer
against LPS-induced neuroinflammation and the subsequent
neurofunctional alterations. The basis of this, in the present
study, we aimed to examine the effects of hydroethanolic
extract of Costus afer on a rat’s model of early life
neuroinflammation due to LPS exposure and long-lasting
cognitive-behavioral dysfunctions.

Il. MATERIAL AND METHODS

A. Animals

The experiment was carried out using Wistar rats strain
obtained at the vivarium of normal superior School (ENS) of
Abidjan, lvory Coast. The pregnant rats were kept in
acclimation under normal conditions of air temperature at 22
+ 2°C, relative good humidity 60%, and on a 12-h light /12-h
dark cycle. They had access to tap water and food ad libitum.
All experimental protocols were carried out according to the
NIH guide for the care and use of laboratory animals in order
to minimize the number of animals used and their suffering.

B. Experimental procedure

The experimental model was performed according to Berkiks
et al. % with some slight modifications. At the PND 14, the
pups were separated briefly from their mams and were
injected either with NaCl (0,9%, i.p.) or 250ug/ kg, i.p of
LPS (Merck, Morocco). Twenty-four hours later, some LPS
injected rats were treated either with melatonin (10 mg/kg,
i.p.) or Costus afer crude extract (400 mg/kg, p.o.) for 14
consecutive days. After all the treatments, animals were
carefully followed up PND 90 before cognitive-behavioral
testing.

The dose of 2000 mg/kg p.o. of Costus afer was considered
safe according to OECD recommendation. (]

C. Behavioral analysis

a) Elevated Plus Maze (EPM)
The EPM is a behavioral test widely used to study an
animal’s model of anxiety induced by an anxiogenic

substance. 1 The apparatus consisted of four arms arranged
in the form of the cross. Two open arms (25-cm height cm x
10 cm width) as opposed to two enclosed arms (40-cm
walls), with an intersection as a common central platform
(5x5 cm). The EPM was raised to 50 cm above the floor and
lighted with a halogen lamp of 9Ix. The test began by placing
the animal onto the central square facing an open arm and
allowing 5 min to explore freely. The time spent inside open
arms was computed to evaluate anxiety-related behavior. The
apparatus was cleaned with ethanol 10% between tests.

b) Forced swimming test (FST)

The FST was performed to evaluate depression-like behavior
as described firstly by Porsolt et al.?? It’s based on the
assumption that when placing an animal in a container filled
with water, it will first make efforts to escape but eventually
will exhibit immobility that may be considered to reflect a
measure of behavioral despair. This study was realized with
some modifications. There was one 6 min-session divided
into pre-test (the first 2 min) and test (the last 4 min). Fill
before the cylinders with tap water at 25°C and adjust the
water depth according to the mouse’s size so that it cannot
touch the bottom of the container with its hind legs. Then
turn on the video camera placed on the level of the water
surface to clearly appreciate active and passive behaviors and
then place each mouse in the water-filled cylinder container
for 6 min. After time had elapsed, we turned off the camera,
removed the mouse from the container, and placed it in the
transient drying cage with the heat lamp above it and the heat
pad under it. We changed the water after every session to
avoid any influence on the next mouse. The stillness posture
is characterized by floating in the water with only the
movements necessary to keep the nose above the surface.
The time of immobility was recorded.

) Y-maze

This test was performed to evaluate spatial working memory
in rodents after all the treatments. I The apparatus was
made in fine wood with three arms (A, B, and C) measuring
40 in length, 10cm in width, and 13 cm in height) and
painted in different color patterns. A central platform is
formed by triangles of 120° between each arm. The
procedure consists of giving 8 min-session to each rat for
exploring the maze freely. The sequence of arms entries was
monitored with a camera video. An entry is validated when
the four paws are within the arms. Alternation is defined as a
triad of successive entries in different arms (i.e.,
ABCACBAACB= 5 alternation). Spontaneous alternation
behaviour was calculated with the following equation: %
alternation = 100 x (number of alternation/ total arm entries —
2).

d) Recognition Memory Test (NORT)

The object recognition test procedure was conducted as
described by Ennaceur and Delacour. ?4 The apparatus is an
Open box with floor measurements 50 cm in length, 50 cm in
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width, and 40 cm in height walls. In the trial (familiarization
session), rats were allowed 5 min to explore the box freely
with two identical objects and return to their home cage.
After 2 h delay, to evaluate short-term recognition Memory
(STM), rats were returned to an open field in which one
object was switched by another one different for color,
shape, and size, and the experiment was repeated for 5 min
with one novel object and one identical previously explored.
To evaluate long-term memory (LTM) 24h later from the
familiarization phase, rats were submitted to explore two
objects again for 5 min, one identical and another novel one.
Objects and boxes were cleaned with ethanol 70% during the
intertrial period. The exploration time of each object was
recorded the video tracking, and the exploration feature is
defined as directing the nose at a distance less than 1 c¢cm
from the object. The ratio of preference of the novel object of
each animal was calculated from the exploration frequency
of the novel object divided by the total frequency spent for
exploring both objects.

D. Biochemicals assay

a) Tissues preparation

Twenty-four hours after the behavioral tests, the mice are
euthanized with 7% chloral. Then, hippocampal and PFC
cortex tissues from each rat were isolated, weighed, and
homogenized in ice-cool 50 mM Tris-HCI buffer (pH 7.4).
The homogenate was centrifuged at 3000 rpm/min for 10
min. The supernatant (S1) was collected and kept at -20°C
till the assay day.

b) Nitrite oxide (NO) content

The quantification of NO content was determined by nitrite
level in a sample using the modified Griess method.?
Briefly, the supernatant S1 was mixed with 50ul of Griess
reagent (1%) sulphanylamide (A) and 0.1% N-1-naphthyl
ethylenediamine dihydrochloride (B) in 2.5%
orthophosphoric acid)], and the mixture was incubated at
37°C for 10 min in the dark. The reaction was performed in
two steps. The first one consisted of a denitrogenation
reaction between the nitrite and Griess reagent A, leading to
a Diazonium salt by-product. The second step is the
formation of a stable chromophoric Azo product resulting
from the coupling between Griess reagent B and the
Diazonium salt. The Azo product strongly absorbs at 543 nm
at the ELISA reader. The NO concentration was expressed in
pumol/g of tissue.

c) Determination of lipid peroxidation level

The assay Malondialdehyde (MDA) level, an important
index of lipid peroxidation, was described in the method of
Satoh et al.?®! Briefly, supernatant S1 was mixed with 1.5 ml
of trichloroacetic acid (10%), vortexed, and incubated at
room temperature for 10 min. Then it was added to the
mixture 1,5 ml of thiobarbituric acid (0.67%) and heated in
boiling bath water for 15 min. After cooling, 1.5 ml of n-

butanol was mixed into the solution and strictly vortexed.
The sample was centrifuged at 800 rpm for 5 min, and the
supernatant S2 was collected. The absorbance was
determined spectrophotometrically at 532 nm. The results
were expressed as MDA level in umol/g of tissue.

E. Statistical analysis

GraphPad Prism 6.0 version was used to record data and
their analysis. The experimental results data were expressed
as mean = S.E.M (Standard Error of Mean). Statistical
analysis was done one-way analyses of variance followed by
Tukey post-hoc test for multiple comparisons. P < 0.05 was
considered statistically significant.

I1l. RESULTS AND DISCUSSION
A. Effects Costus afer extract on Cognitive-affective status
a) The effects of Costus afer extract on LPS-induced
anxiety-like behavior
In the EPM, the percent of time spent in open arms was
significantly reduced in rats of the LPS group (P < 0.01)
when compared to the PBS group. However, the treatment of
LPS rats with Costus afer extract improved as well as with
melatonin the % of time spent in open arms, but not
significantly (Fig 1). It suggests that the extract of Costus
afer could have a bit anxiolytic effect
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Fig. 1 The effect of Costus afer extract on the anxiety-like
behavior level in adult rats early-life exposed to LPS
percent of time spent in the open arms. Data are
expressed as mean £ SEM. One-way ANOVA / Tukey
post hoc analysis. ** P < 0.01 (vs. PBS group); ns, non-
significant

b) The effect of Costus afer extract on LPS-induced
depression-like behavior

In the FST, the immobility time in the LPS group of rats was
increased without any significant difference in comparison to
the groups of rats LPS-treated with Costus afer extract and
PBS. However, the immobility time was significantly
increased in LPS rats treated with melatonin (P < 0.05) (Fig
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2). It suggests that Costus afer could possess some anti-
depressant properties.
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Fig. 2 The effect of Costus afer extract on the anxiety-like
behavior level in adult rats early-life exposed to LPS
Immobility time in FST. Data are expressed as mean +
SEM. One-way ANOVA / Tukey post hoc analysis. * P <
0.05 (LPS + Mel vs. other experimental groups)

c) The effect of Costus afer extract on LPS-induced
working spatial memory alterations

As shown in Fig.3, there was a significant alteration of
working spatial memory in the LPS group of rats. In fact, the
percent of alternation in behavior was significantly reduced
in LPS rats compared with those of PBS rats (P < 0.001),
LPS-treated melatonin rats (P < 0.05), and LPS-treated with
Costus afer extract (P < 0.01).
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Fig. 3 The effect of Costus afer extract on the spatial
working memory abilities in adult rats early-life exposed
to LPS
Percent in behavior alternation in Y-maze. Data are
expressed as mean = SEM. One way ANOVA / Tukey
post hoc analysis. *** P < 0.001 (LPS group vs. PBS), P
< 0.01 (LPS vs. LPS + Mel), "P < 0.05 (LPS vs. LPS + CA)

10

d) The effects of Costus afer extract on LPS-induced
recognition memory alterations

As depicted in Fig 4, the recognition index was below the
threshold of recognition (50%) in the LPS rats. We found
that there was no significant difference regarding the index
of the short-term recognition memory between the
experimental groups, even if the treatment of LPS rats with
Costus afer extract slightly improved the index (Fig 4a). By
contrast, the long-term recognition was significantly
impaired in LPS rats through the reduction of the recognition
index (P < 0.001 vs. other groups). Interestingly, the
treatment with LPS rats Costus afer extract demonstrated a
significant increase of the long-term recognition index,
which is extensively above the threshold of recognition
compared to that melatonin (P < 0.01) (Fig 4b). Taken
together, these results suggest that the long-term memory
capacities are more sensitive to early-life exposure to LPS
when evaluating in the adulthood stage, but Costus afer
compounds act efficiently as the remedy.
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Fig.4 The effect of Costus afer extract on the recognition
memory abilities in adult rats early-life exposed to LPS
Short-term recognition index (a); Long-term recognition
index (b). Data are expressed as mean + SEM. One way
ANOVA / Tukey post hoc analysis. *** P < 0.001 (LPS
group vs. other experimental groups), **P < 0.01 (LPS +
Mel vs. LPS + CA)
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B. Oxidative stress markers

a) The effects of Costus afer extract on LPS-induced NO
content change

In the hippocampus, we found that the NO level was highly
increased in the LPS group of rats (P < 0.001) when
compared to other studied groups. In addition, the NO
content was significantly increased in LPS rats treated with
Costus afer extract (P < 0.01) compared to those treated with
melatonin.

In the prefrontal cortex area, the level of NO was also
significantly increased in LPS treated rats (P < 0.001), but
the treatment with Costus afer extract didn’t the NO content
(P < 0.001) when compared to that of melatonin (Fig 5).
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Fig.5 The effect of Costus afer extract on the NO content
in adult rats early-life exposed to LPS
NO content expressed in the hippocampus and the
prefrontal cortex. Data are expressed as mean + SEM.
One way ANOVA / Tukey post hoc analysis. *** P <
0.001 (LPS group vs. PBS), ** P < 0.001 (LPS group vs.
LPS + Mel or LPS + CA), *#P < 0.01, **#P < 0.001 (LPS +
Mel vs. LPS + CA)

b) The effects of Costus afer extract on LPS-induced MDA
level change

The LPS caused significant lipid membrane peroxidation. In
the hippocampus, the level of the end-product MDA was
significantly higher in LPS rats (P < 0.001) compared to PBS
groups. Costus afer treatment of LPS rats significantly
mitigated the MDA level (P < 0.05).

In the prefrontal cortex, we also reported a highly significant
level of MDA (P < 0.001) in LPS rats compared to PBS rats;
however, it was highly significantly reduced in LPS rats
treated with Costus afer (P < 0.001) and lesser with the
melatonin treatment (P < 0,05) (Fig 6).
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Fig. 6 The effect of Costus afer extract on the lipid
membrane peroxidation level in adult rats early-life
exposed to LPS
MDA level expressed in the hippocampus and the
prefrontal cortex. Data are expressed as mean + SEM.
One way ANOVA / Tukey post hoc analysis. *** P <
0.001 (LPS group vs. PBS),™ P <0.01, ** P <0.001 (LPS
group vs. LPS + Mel or LPS + CA).
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To our knowledge, this is the first study examining the
neuroprotective effects of Costus afer extract on long-term
cognitive-behavioral impairments after neonatal exposure to
LPS. Briefly, our results showed that the adulthood
cognitive-behavioral deficits related to neonatal LPS-induced
systemic inflammation are associated with changes in
inflammatory biomarkers such as the increase of NO
production and lipide peroxidation level in both hippocampal
and prefrontal cortex areas. By contrast, the treatment with
Costus afer extract attenuated working spatial memory and
recognition memory alterations, as well as anxiety -and
depression-like behaviors level following the LPS-induced
early life neuroinflammation. Also, the Costus afer extract
administration has significantly reduced LPS-induced
neuroinflammation and the subsequent biomarkers release.

Previous studies reported that an injection of LPS early
during the development led to affective behavior alteration,
including depression or anxiety at the adult stage. 2% 2’1 The
behavioral disorders were associated with an elevation of
pro-inflammatory markers such as TNF-o. and NO, which
resulted in the overactivation of microglial cells in the
hippocampus. In fact, neuroinflammation is considered an
important pathogenesis factor in which the release of
cytokines causes general behavioral depression. 81 It has
also been suggested that TNF-o can promote the activity of
indolamine 2,3-dioxygenase (IDO) by an interferon-y (IFN-
y) independent mechanism.?? In addition, previous studies
revealed that cytokines such as IFN- vy, and TNF-o are
capable of activating necrosis factors kappa B (NFkB) and
IDO efficiently.?® 301 |DO, a rate-limiting extrahepatic
enzyme, is involved in tryptophan catabolism via the
kynurenine pathway during the chronic inflammation
condition and ensures a thigh relationship between brain
immune cells activation and behavioral responses. A
disordered activation of IDO leads to excessive depletion of
tryptophan and consequently the development of depression
symptoms. 119 31 Also, it is well known that tryptophan is the
amino acid precursor of serotonin synthesis, which is the
regulator au depression as well anxiety levels. Otherwise, we
reported significant impairment of working spatial memory
(evaluated with Y-maze) and recognition memory (evaluated
with NOR test) in LPS rats, as well as the high level of
neuroinflammation markers in the hippocampus. Although
the mechanisms underlying those memory deficits remain
unclear, it has been suggested that inflammation-induced
chronic cytokines upregulation by microglia cells activated
plays a critical role.®% 3 A previous report mentioned that
the long-term effect of LPS -induced high levels of pro-
inflammatory cytokines such as TNF-a, IL-1B, or IL-6 are

potentially — associated  with  hippocampal  neurons
dysfunction. B4 Interestingly, Deng et al. B have
demonstrated that the LPS-induced chronic

neuroinflammation caused an occurrence of AD-like
amyloidogenic axonal pathology and dendritic degeneration.
Even if, in the current study, we didn’t assess the levels of
pro-inflammatory cytokines nor the microglial cells

12

overactivation, we have reported a significant NO content in
the hippocampus and the prefrontal cortex of LPS rats. This
has also been the finding of Berkiks et al. ) when studying
the long-term behavioral effects of neonatal (PND 14)
exposure to LPS. The activated microglial cells in LPS-
induced inflammation enable the up-regulation of iINOS
expression. B¢ The resulting in excessive NO production
contributes to oxidative stress leading to neuronal damage or
death. 371

The coadministration of melatonin to neonate rats (PND 7)
injected with  LPS  significantly  inhibited the
neuroinflammation, ROS generation, oxidative stress
damage, apoptotic neurodegeneration in the dentate gyrus
hippocampus.B8  Melatonin is known to be a potent
antioxidant due to its ability to free radical scavenging, to
prevent oxidative stress, and to inhibit neuroinflammation in
multiple models £°4% including LPS. 1 For this reason, in
the present study, the neuroprotective effects of Costus afer
extract have been compared to melatonin, as a reference
drug. Our results showed that Costus afer extract treatment
counteracted significantly LPS-induced neuroinflammation
and cognitive impairment long-term after its induction. The
treatment with Costus afer extract showed more beneficial
effects on altered working spatial memory, spatial learning,
and recognition memory abilities found in the LPS group of
rats, compared to melatonin. Also, the effects of Costus afer
extract on LPS-induced affective disorders were positive but
less pronounced when compared to LPS rats without
treatment. The effective effects of Costus afer extract on the
cognitive-behavioral changes could be attributed to its
flavonoid-rich compound, the anti-antioxidant €], and anti-
inflammatory properties. 1 The neuroprotective effects of
Costus afer seem to be manifested by the prevention of ROS
actions and the repression of pro-inflammatory markers since
we found a significant lipid membrane peroxidation
inhibition (decrease in the MDA level) as well as a decrease
of NO production in the brain of LPS rats treated with Costus
afer extract. Our results are in agreement with those of
Berkiks et al. P which indicated that Thymelaea lythroides
strongly reduced the NO production and the MDA level in
the hippocampus of LPS rats exposed at PND 14. In fact, the
LPS generates ROS, which in turn induces acute
neuroinflammation ¥24% via the activation of NFkB, the
increase  pro-inflammatory responses of iINOS and
cyclooxygenase 2 (COX 2) at both mRNA and protein
levels. 1 On the other hand, the flavonoid contained in
Costus afer could have some neuroprotective effects through
the neuronal or microglial signaling pathway involved in the
reinforcement of neuronal capacity to counteract prooxidant
and pro-inflammatory mediators. “° Taking together these
analyses, we can suggest that Costus afer extract may be an
effective approach to attenuate neonatal LPS-induced long-
lasting cognitive and affective disorders, as well as
neuroinflammation in adulthood. Nevertheless, the part of
alkaloid presents in Costus afer as neuroprotector compound
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against LPS-neonatal neuroinflammation remains to be
elucidated.

IV. CONCLUSION

In conclusion, the administration of Costus afer extract
significantly relieved cognitive-behavioral disorders in rats
that were exposed to LPS during the neonatal stage. Costus

afer

exhibited both anti-inflammatory and antioxidant

properties against the LPS-induced early life immune system
activation leading to long-lasting chronic neuroinflammation
and, therefore, brain disorders

V. ACKNOWLEDGMENT

The authors are grateful to persons who kindly gave us the
reference drug melatonin, other reagents, and the Costus afer
species identification and kindly donated the crude extract of
Costus afer.

[1]

[2]

[3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

VI. REFERENCES
Chen WW, Zhang X, Huang WJ. Role of neuroinflammation in
neurodegenerative diseases. 8 Molecular medicine reports 13(4)
(2016) 3391-3396.
Qian L, Flood PM, Hong JS. Neuroinflammation is a Key Player in
Parkinson’s Disease and a Prime Target for Therapy. Journal of
Neural Transmission; 117 (2010) 971-979.
Broussard GJ, Mytar J, Li RC, Klapstein GJ. The Role of
Inflammatory Processes in Alzheimer’s Disease.
Inflammopharmacology; 20 (2012) 109-126.
Dantzer R, O’Connor JC, Freund G.G, Johnson RW, Kelley KW.
From inflammation to sickness and depression: When the immune
system subjugates the brain. Nat. Rev. Neurosci, 9 (2008) 46.
Raison CL, Capuron L, Miller AH. Cytokines sing the blues:
Inflammation and the pathogenesis of depression. Trends Immunol;
27 (2006) 24-31.
Deng X, Li M, Ai W, He L, Lu D, Patrylo P R, Yan XX.
Lipopolysaccharide-Induced Neuroinflammation Is Associated with
Alzheimer-Like Amyloidogenic Axonal Pathology and Dendritic
Degeneration in Rats. Advances in Alzheimer’s Disease; 03(02)
(2014) 78-93.
Lee J, Lee Y, Yuk D, Choi D, Ban S, Oh K, Hong J.
Neuroinflammation induced by lipopolysaccharide causes cognitive
impairment through enhancement of beta-amyloid generation.
Journal of Neuroinflammation; 5(1) (2008) 37.
Harrison NA, Doeller CF, Voon V, Burgess N, Critchley, HD.
Peripheral inflammation 21 acutely impairs human spatial memory
via actions on medial temporal lobe glucose metabolism. 22
Biological psychiatry; 76(7) (2014) 585-593.
Rahimi VB, Askari VR, Shirazinia R, Soheili-Far S, Askari N,
Rahmanian-Devin P, Sanei-Far Z, Mousavi SH, Ghodsi R.
Protective effects of the hydro-ethanolic extract of Terminalia
chebula on primary microglia cells and their polarization (M1/M2
balance). Multiple Sclerosis and Related Disorders; 25 (2018) 5-
13.
Zhang B, Wang P-P, Hu K L, Li LN, Yu X, Lu Y, Chang HS.
Antidepressant-Like Effect and Mechanism of Action of Honokiol on
the Mouse Lipopolysaccharide (LPS) Depression Model. Molecules;
24(11) (2019)s 2035.
Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM,
Cooper NR, Eikelenboom P, Emmerling M, Fiebich BL, Finch CE,
Frautschy S, Griffin WS, Hampel H, Hull M, Landreth G, Lue
L, Mrak R, Mackenzie IR, McGeer PL, O'Banion MK, Pachter J,
Pasinetti G, Plata-Salaman C, Rogers J, Rydel R, Shen Y, Streit
W, Strohmeyer R, Tooyoma l, Van Muiswinkel FL, Veerhuis R,
Walker D, Webster S, Wegrzyniak B, Wenk G, Wyss-Coray T.
Inflammation  and Alzheimer's disease. Neurobiol Aging; 21 (3)
(2000) 383-421.
Sugaya K, Chou S, Xu SJ, McKinney M. Indicators of Glial

13

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

Activation and Brain Oxidative Stress after Intraventricular Infusion
of Endotoxin. Molecular Brain Research; 58 (1998)-9

Perry VH. The influence of systemic inflammation on inflammation
in the brain: implications for chronic neurodegenerative disease.
Brain Behav Immune; 18 (5) (2004) 407- 413.

Walker A K, Nakamura T, Hodgson DM. Neonatal
lipopolysaccharide exposure alters central cytokine responses to
stress in adulthood in Wistar rats. Stress, 13(6) (2010) 506-515.
Comim C M, Bussmann R M, Sim"ao SR et al. Experimental
neonatal sepsis causes long-term cognitive impairment. Molecular
Neurobiology, 53(9) (2016) 5928-5934.

Stentoft PM. Flowering plants in West Africa. Cambridge University
Press: London. (1988) 130- 131.

Boison D, Adinortey AC, Babanyinah G K, Quasie O, Agbeko R,
Wiabo-Asabil G K, Adinortey M. B. Costus afer A Systematic
Review of Evidence-Based Data in support of Its Medicinal
Relevance. Scientifica; (2019) 1-10.

Anyasor G N, Ogunwenmo O, Oyelana OA, Akpofunure B E,
Phytochemical constituents and antioxidant activities of aqueous and
methanol stem extracts of Costus afer Ker Gawl. (Costaceae),
African Journal of Biotechnology, 9(31) (2010) 4880-4884.

Anyasor GN, Onajobi F, Osilesi O, Adebawo O, Oboutor EM. Anti-
inflammatory and antioxidant activities of Costus afer Ker Gawl.
Hexane leaf fraction in arthritic rat models, Journal of
Ethnopharmacology; 155(1) (2014) 543-551.

Berkiks 1., Boulbaroud S., Garcia-Segura L. M., Mesfioui A.,
QOuichou A., Mouden S. & El hessni A, Thymelaea lythroides
extract attenuates microglial activation and depressive-like behavior
in LPS-induced inflammation in adult male rats. Biomedicine &
Pharmacotherapy, 99 (2018) 655-663.

Dawson GR, Tricklebank MD. Use of the elevated plus-maze in the
search for novel anxiolytic agents. Trends Pharmacol; Sci; 16 (1995)
33.

Porsolt RD, Bertin A, Jalfre MJAIP. Behavioral despair in mice: A
primary screening test for antidepressants. Arch. Int. Pharmacology;
Ther; 229 (1977) 327.

Hughes RN.The value of spontaneous alternation behavior (SAB) as
a test of retention in pharmacological investigations of memory
Neurosci. Biobehav. Rev, 28 (2004) 497-505.

Ennaceur A, Delacour J. A new one-trial test for neurobiological
studies of memory in Rats. Behavioral data. Behav Brain Res; 31
(1988) 47-59.

Touil-Boukoffa C, Bauvois B, Sancéau J, Hamrioui B, Wietzerbin J.
Production of nitric oxide (NO) in human hydatidosis: relationship
between nitrite production and interferon-gamma levels Biochimie;
80 (8-9) (1998) 739-744.

Satoh K. Serum lipid peroxide in cerebrovascular disorders
determined by a new colorimetric method. Clin Chim Acta; 90
(1978) 37-43.

Okuyama S, Makihata N, Yoshimura M, Amakura Y, Yoshida T,
Nakajima M, Furukawa Y  Oenothein B  suppresses
lipopolysaccharide LPS-induced inflammation in the mouse brain.
Int. J. Mol. Sci., 14 (2013) 9767-9778.

Miller AH, Maletic V, Raison CL. Inflammation and Its Discontents:
The Role of Cytokines in the Pathophysiology of Major Depression.
Biol. Psychiatry; 65 (2009) 732—741.

Connor JC, André C, Wang Y, Lawson MA, Szegedi SS, Lestage J,
Castanon N, Kelley KW. Dantzer R. Interferon-y and Tumor
Necrosis Factor-a Mediate the Upregulation of Indoleamine 2,3-
Dioxygenase and the Induction of Depressive-Like Behavior in
Mice in Response to Bacillus Calmette-Guérin. J. Neurosci; 29
(2009) 4200.

Beg AA, Finco TS, Nantermet PV, Baldwin AS. Tumor necrosis
factor and interleukin-1 lead to phosphorylation and loss of | kappa B
alpha: A mechanism for NF-kappa B activation. Mol. Cell. Biol; 13
(1993) 3301.

Maes M, Leonard BE, Myint AM, Kubera M, Verkerk R. The new
‘5-HT’ hypothesis of depression: Cell-mediated immune activation
induces indoleamine 2,3-dioxygenase, which leads to lower plasma
tryptophan and an increased synthesis of detrimental tryptophan



[32]

[33]

[34]

[35]

[36]

[37]

Pacdme Kouadio N'Go et al. [ 1JBTT, 11(4), 7-14, 2021

catabolites (TRYCATS), both of which contribute to the onset of
depression. Prog . Neuropsychopharmacol. Biol. Psychiatry; 35
(2011) 702-721.

Wang KC, Fan LW, Kaizaki A, Pang Y, Cai Z, Tien LT. Neonatal
lipopolysaccharide  exposure induces long-lasting learning
impairment, less anxiety-like response and hippocampal injury in
adult rats. Neuroscience; 234 (2013) 146-157.

Williamson LL, Sholar PW, Mistry RS, Smith SH, Bilbo SD.
Microglia and memory: modulation by early-life infection. J.
Neurosci; 31 (2011) 15511-15521.

Valero J, Mastrella G, Neiva I, Sdnchez S, Malva JO. Long-term
effects of an acute and 1 systemic administration ofLPS on adult
neurogenesis and spatia memory. Frontiers in neuroscience 2 8(83)
(2014).

Deng X, Li M, Ai W, He L, Lu D, Patrylo P R., Yan X.-X.
Lipolysaccharide-Induced Neuroinflammation Is Associated with
Alzheimer-Like Amyloidogenic Axonal Pathology and Dendritic
Degeneration in Rats. Advances in Alzheimer’s Disease; 03(02)
(2014) 78-93.

Zhao J, Bi W, Xiao S, Lan X, Cheng X, Zhang J, Lu D, Wei W,
Wang J, Li H, Fu Y, Zhu L. Neuroinflammation induced by
lipopolysaccharide causes cognitive impairment in mice. Scientific
Reports;9(1) (2019)

Aquilano K, Baldelli S, Rotilio G, Ciriolo M.R. Role of nitric oxide
synthases in Parkinson’s 8 disease: a review on the antioxidant and
anti-inflammatory activity of polyphenols.  Neurochemical 9
research; 33(12) (2008) 2416-2426.

14

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Shah S A, Khan M, Jo M-H, Jo M G, Amin F. U, Kim M O.
Melatonin ~ Stimulates the SIRT1/Nrf2 Signaling Pathway
Counteracting Lipopolysaccharide (LPS)-Induced Oxidative Stress to
Rescue Postnatal Rat Brain. CNS Neuroscience & Therapeutics;
23(1) (2016) 33-44.

Boccalandro HE, Gonzalez CV, Wunderlin DA, Silva MF. Melatonin
levels, determined by LC-ESI-MS/MS, fluctuate during the day/night
cycle in Vitis vinifera cv Malbec: evidence of its antioxidant role in
fruits. J Pineal Res; 51 (2011) 226 — 232.

Galano A, Tan DX, Reiter RJ. Melatonin as a natural ally against
oxidative stress: a physicochemical examination. J Pineal Res; 51
(2011) 1 - 16.

Wong CS, Jow GM, Kaizaki A, Fan LW, Tien LT. Melatonin
ameliorates brain injury induced by systemic lipopolysaccharide in
neonatal rats. Neuroscience; 267 (2014) 147 — 156.

Zhao L, Chen YH, Wang H, et al. Reactive oxygen species partially
contribute to lipopolysaccharide (LPS)-induced teratogenesis in mice.
Toxicol Sci;103 (2008) 149 — 157.

Xu DX, Chen YH, Zhao L, Wang H, Wei W. Reactive oxygen
species are involved in lipopolysaccharide-induced intrauterine
growth restriction and skeletal development retardation in mice. AmJ
Obstet Gynecol;195 (2006) 1707 — 1714.

Baeuerle PA. Pro-inflammatory signaling: last pieces in the NF kappa
B puzzle. Curr Biol; 8 (1998) 19 — 22.

Spencer, JP. Flavonoids and brain health: multiple effects
underpinned by common Mechanisms. Genes Nutr; 4 (2009) 243—
250.



