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A B S T R A C T

Aims: Bacopa floribunda (BF), an African traditional plant and its species have been widely used as brain tonic for
memory enhancement. It has also been reported to help relieve anxiety and some psychological disorders. This
study aimed to investigate the mechanisms of action of BF on Amyloid beta (Aβ) 1–42 peptides induced cognitive
deficit in male Wistar rats.
Main methods: A total of 48 healthy male wistar rats were used for this study. Some groups were pre-treated with
200 mg/kg of BF extracts before a single bilateral injection of Aβ 1–42 while some were post-treated with BF for
21 days after Aβ1-42 exposure. Cognitive performance was evaluated using Y-Maze and Novel Object recognition
tests. After treatments, hippocampal homogenates were assayed for the levels of Acetylcholinesterase, Na–K/
ATPase activities, glutamate and Aβ1-42 concentrations among others.
Key findings: It was observed that Aβ1-42 caused cognitive impairment and BF extracts especially the ethanol
extract was able to significantly (p < 0.05) reverse almost all the perturbations including lipid imbalance caused
by Aβ1-42 assault mainly at the post-treatment level.
Significance: Administration of ethanol and aqueous extracts of BF mitigated the hazardous effect of Aβ1-42
observed in the blood plasma and hippocampal homogenates. In this context, we conclude that BF is an efficient
cognitive enhancer that can help alleviate some symptoms associated with Alzheimer’s disease.
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1. Introduction

Alzheimer's disease (AD) is an irreversible, dynamic brain issue that
gradually annihilates memory and thinking aptitudes, and in the long run
the capacity to do the least difficult tasks [1]. It is a degenerative disease
and the commonest type of dementia in which structural and chemical
brain disintegration is related to a steady loss of numerous parts of
reasoning and conduct [2]. Around, 5.7 million Americans of all ages are
living with Alzheimer's dementia [3] and, approximately 200,000 people
under age 65 have a younger onset of AD. Presenilin (PSEN1) mutation, a
risk factor for early onset of AD has been traced to Africa (specifically
West Africans who were imported as captives to Columbia in the 16th
century) [4]. Formally, records show that deaths from Alzheimer's dis-
ease have risen sharply (aprox 123%) between 2000 and 2015 while
demise from the main cause of death (heart disease) diminished by 11
percent [3]. The two primary histopathological signs of AD (extracellular
amyloid plaques and intracellular neurofibrillary tangles) are found in
endangered brain regions like the hippocampus and cortex. The amyloid
plaques (A.K.A senile plaques) are made of amyloid-beta peptides (Aβ), a
large portion of which are 38–43 amino acids long [5, 6]. Aβ is a
pro-inflammatory and extremely harmful material that results in neuro-
inflammation in the brain tissue [7]. A developing body of scientific re-
ports alongside clinical proof supports the possibility that raised Aβ levels
can be linked with impairment of cognition and can cause pathological
events which result in cognitive defects as seen in AD [8, 9].

Blood-based biomarkers represent a less invasive and conceivably less
expensive method that aids AD detection compared with cerebrospinal
fluid and some neuroimaging biomarkers [10]. An expanding body of
evidence similarly recommended a relationship between AD and possibly
modifiable processes, including dyslipidemia and inflammation. Re-
searchers have noticed, high serum cholesterol levels as been associated
with increased risk of AD [11, 12], and this suggests that phospholipids
may assume a significant role in modulating AD-associated pathogenesis.

In spite of the endorsed medications such as Tacrine, Rivastigmine,
and Donepezil among others for the treatment of AD, inhibition of the
disease progression remains unresolved because these drugs have short
half-lives and horrible unfavorable impacts such as hepatotoxicity and
gastrointestinal disorders [13, 14]. However, a therapeutic intervention
with the possibility to cure AD has been recommended to be mechanistic
disease-modifying therapies (DMT), beta-amyloid cleaving enzyme
(BACE) inhibitors, passive immunotherapy e.t.c. that can slow, halt and
reverse the neurodegenerative process [15, 16]. The species of Bacopa
floribunda (R.Br.) Wettst (family: Scrophulariaceae) have been accounted
for in Ayurvedic and traditional medicines for various disturbances, such
as anxiety, intellect, and poor memory [17]. Their leaves are utilized in
traditional and Ayurvedic medicine as a brain tonic for enhancing
memory and forestalling a series of psychological disorders [18,19].
Therefore, this study was designed to determine the effect of Amyloid
beta (Aβ) 1–42 on an acute reactant phase inflammatory biomarker
(C-Reactive protein), some plasma lipid profiles together with some
hippocampal AD biomarkers and to evaluate and compare the potency of
ethanol and aqueous extract of Bacopa floribunda (BF) on Alzheimer’s
disease model.

2. Materials and method

2.1. Animal care and management

Young adult, male wistar rats (n¼ 48; 170–220g) were obtained from
the animal house section, University of Ilorin, Ilorin. Ethical approval
was obtained from the University of Ilorin ethical review committee
(UERC/ASN/2018/1470). The rats were fed standard rats’ pellets and
water ad libitum and were maintained at standard laboratory conditions.
The research was conducted in accordance with the internationally
accepted regulation for laboratory animal use and care as found in US
guidelines (NIH publication) revised in 1985.
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2.2. Plant materials

BF known as oniyemiye in Yoruba language was used for this study.
Fresh leaves of BF were purchased from Oja Oba market, Ado-Ekiti,
Nigeria. The plant was authenticated in the University herbarium, Ado-
Ekiti, and a voucher specimen with the number UHAE2020059 and
identification number UHAE 0182 was deposited there. Fresh leaves of
B. floribundawere air-dried and pulverized in an electric blender, ethanol
and aqueous extracts were then prepared separately as highlighted in
Figure 1.

2.3. Main reagents and drugs

Amyloid beta (Aβ1-42) was obtained from Gen script, USA. Before
injection, the Aβ1-42 peptide was dissolved in a physiological saline
solution at a concentration of 1mg per 250 μL and incubated at 37 �C for
72 h to induce aggregation [20].

2.4. Plant extract analysis (in-vitro)

The total phenol content was determined according to the method of
Singleton et al. [21], and the absorbance was measured at 765 nm in the
UV-Visible spectrophotometer. The total phenol content was subse-
quently calculated as gallic acid equivalent (GAE). The total flavonoid
content was determined using a slightly modified method reported by
Meda et al., [22]. The absorbance of the reaction mixture was measured
at 415nm in the UV-Visible spectrophotometer and total flavonoid con-
tent was calculated using quercetin (QA) as standard. ABTS (2,2-Azi-
no-bis(3-Ethylbenzthiazoline-6-Sulphonic Acid)) radical scavenging
assay was quantified using the method designed by Re et al., [23] and the
Trolox equivalent antioxidant capacity (TEAC) was calculated. DPPH (1,
1-Diphenyl-2 Picryhydrazyl) radical scavenging capacity was determined
using the method of Gyamfi et al. [24], the reaction mixture was incu-
bated in the dark for 30 min and the color intensity was measured at 516
nm. While alkaloid content determination was done by employing the
method described by Harbone [25], determination of total saponin
content was done by slightly modified methods of Davis [26].

The LD50 for these extracts was calculated to be 3,536 mg/kg body
weight using Lorke’s [27] method as described in Eq. (1).

LD50 ¼ √ (maximal dose for all survival � dose for all death) Equation (1)

LD50 ¼ √ (2500 ₓ 5000) ¼ 3,536 mg/kg body weight

2.5. Animal grouping and treatment

Forty-eight rats ranging from 170-220g were randomly divided into
eight groups of six rats each. Grouping was done as highlighted in
Figure 1.

2.6. Surgery and induction of Alzheimer’s disease

The animal model of Alzheimer’s disease was achieved through a
single bilateral intra-cerebroventricular (ICV) injection of the previously
obtained Aβ 1–42 aggregates. Paxinos and Watson atlas was used to get
the appropriate coordinate and the following stereotaxic coordinates:
anteroposterior:-0.8mm from bregma, medial/lateral:þ/-1.4mm and
dorsal/ventral:-4.0mm were employed to inject substances into the
lateral ventricles through a stainless steel cannula using a Hamilton
microsyringe. Aβ 1–42 (4 μg/μl/site) was injected into experimental rats
while sham rats were injected with the same volume of normal saline
(1μl/site). After surgery, the rats were housed individually and had ac-
cess to food and water freely. Antibiotic cream was applied daily and the
rats were allowed 7days to recover from surgery. The general condition
of the animals including the body weight, food and water intake was
monitored daily after surgery.



Figure 1. Flowchart of BF extraction, Invito assays and animal grouping for invivo experiments

Table 1. Percentage yield of Bacopa floribunda extract.

Experimental
Run

Weight of BF
powder (g)

Weight of
AEBF obtained
(g)

%
yield

Weight of
EEBF obtained
(g)

%
yield

1 200 12.8 6.4 25.5 12.8

2 200 16.8 8.4 22.8 11.4

Total 400 29.6 14.8 48.3 24.2
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2.7. Behavioural study

The animals were subjected to the Y-maze test and Novel object
recognition test (NOR) for spatial memory on days 19 and 20 of
administration respectively. The behavioral tests were carried out in a
proper sound-controlled and highly illuminated behavioral analysis
room.

Short-termmemorywas assessed by spontaneous alternation behavior
in the Y-maze task using a standard rats’ Y-maze. The procedure was
carried out as described by Hritcu et al. [28], and the extent of cognitive
deficit was assessed using NOR as reviewed by Grayson et al., [29].

2.8. Animal sacrifice, excision of brain tissues and sample preparation for
biochemical and histological procedures

Twenty-four hours after the completion of treatment, rats were sacri-
ficed by cervical dislocation and blood was collected through cardiac
puncture. Brain tissues were excised using appropriate forceps. For
biochemical assays, the cerebrum was sagitally divided into two at the
corpus callosum and the hippocampus isolated on ice surface. The
hippocampi tissueswere immediately homogenized (10%w/v) in100mM
phosphate buffer, pH 7.4, containing 0.2mM KCl and some whole brain
tissues were fixed in 10% formal saline for the histological procedure.

2.8.1. Biochemical assays
Malondialdehyde (MDA) was measured spectrophotometrically at

532nm by the method described by Colado et al., [30] using 1, 1, 3,
3-tetra ethoxy propane as standard. Glutathione peroxidase (GPx) was
measured by the method described by Sinet et al. [31], using t-butyl-HPx
as substrate. Naþ, Kþ-ATPase activity was determined by the method
described by Wyse et al., [32]. Released inorganic phosphate (Pi) was
measured by the method of Chan et al., [33]. The specific activity of the
enzyme was expressed as μmol Pi released per mg of protein per hour
(μmol Pi/mgprot./hr). AChE activity was determined according to Ell-
man et al. [34], with some modifications. Glutamate and Aβ1-42 were
assayed using a glutamate colorimetric assay kit from bio vision and rat
Aβ42 ELISA kit from Fine test with a catalog no: ERO 77. The manufac-
turers’ procedures for assays were strictly followed.

2.8.2. Histological procedure
The hippocampus specimens were fixed in formal saline. Blocks were

made and 5μm thick of paraffin sections were obtained from the tissues
using a Leica rotary microtome (Bright B5143 Huntington, England).
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Sections were stained using hematoxylin and eosin stain, this was
examined under the microscope with photomicrographs taken with a
Leica DM750 microscope, interfaced with Leica ICC 50 camera.

2.9. Statistical analysis

The results obtained were expressed as mean � SEM. The data were
analyzed using One-way ANOVA followed by Tukey’s Multiple Com-
parison Tests using Graph pad 5.03 (GraphPad Software Inc., CA, U.S.A).
The results were considered significant when p < 0.05.

3. Results

3.1. Percentage yield of Bacopa floribunda extracts

The mean yield of Bacopa floribunda extracts after two extraction runs
was 48.3g for ethanol extract and 29.6g for an aqueous extract which
represented a mean percentage yield of 24.2 and 14.8 respectively based
on the dry weight of the leaves (Table 1). The results indicate that the
ethanol extract had more yield when compared to the aqueous extract.

3.2. Phytochemical screening of BF extracts

Table 2 shows the values of different Phytochemicals present in the
aqueous and ethanol extracts of Bf and it revealed the presence of Phe-
nols, flavonoids, Saponin and alkaloids. It was observed that the aqueous
extract had significantly higher phenolic content in comparison with its
ethanol counterpart however, the ethanol extract hadmore Alkaloids and
Saponins contents.

3.3. Ethanol extract possesses more in-vitro antioxidant activity

The results of the measurement of DPPH inhibition percentages
determined by various concentrations of ethanol and aqueous Bf extracts



Table 2. Phytochemical screening of Ethanol and Aqueous extracts of Bacopa
floribunda. ** significantly (p<0.05) higher in comparison with the other extract.

Phytochemicals Ethanol extract Aqueous extract

Total Phenols 2.98 � 0.07 4.13 � 0.08**

Flavonoids 2.98 � 0.07 3.42 � 0.14

Saponins 22.63 � 1.43** 10.6 � 0.85

Alkaloids 48.13 � 0.83** 32.15 � 1.06
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are shown in Figure 2a and b respectively. It was observed that the higher
the concentration of the extracts, the higher the DPPH free radical
scavenging ability, Moreover, the ethanol extract showed significantly (p
< 0.05) higher DPPH scavenging ability in comparison with the aqueous
extract as shown in Figure 2c. Fig ure 2d revealed that the ethanol extract
exhibited a significantly (p < 0.05) higher level of ABTS radical scav-
enging capability in comparison with the aqueous extract.

3.4. Effect of treatment on Novel Object recognition (non-spatial memory
test) and Y-maze exploratory activity (spatial memory test)

A significantly (p < 0.05) increased cognitive ability was observed in
animals in group A (N/S) when compared with those in groups B (Aβ), G
(AβþEEBF) and F (AEBF þ Aβ). Also a significant (p < 0.05) decrease in
cognition was observed in animals in group B (Aβ) when compared with
every other group except F (AEBF þ Aβ) as represented in Figure 3a, this
same observation was seen in Figure 3b during the exploratory activity of
each group of rats in Y-Maze apparatus.

3.5. Effect of treatment on acetylcholinesterase concentration in rats’
hippocampus

Figure 4 shows the concentration of AChE in the hippocampus after
the different treatment regimens. AChE concentration was observed to
increase significantly (p < 0.05) in the Aβ group in comparison with all
Figure 2. Showing the different invitro antioxidant assays at various concentrations
Extract {# (p ¼ 0.0213), ##(p ¼ 0.0014), ### (p ¼ 0.0001), #### (p < 0.0001)},
0.005)}, (c) Comparison of DPPH Radical Scavenging Ability of both Aqueous and Eth
Scavenging Ability of both Aqueous and Ethanol Extract {* (p < 0.05)}.
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other groups except the group pre-treated with the aqueous extract
(ABBF þ Aβ).

3.6. Effect of treatment on lipid peroxidation and antioxidant enzyme in
rats’ hippocampus and blood plasma

The result of treatment on antioxidants and lipid peroxidation is
shown in Figure 5. It was observed in this study that the extract given was
able to increase the level of Glutathione peroxidase (GPx), above the
control level especially in the AEBF, EEBF and EEBF þ Aβ groups as
observed in Figure 5a. Reduced glutathione (GSH) was equally observed
(Figure 5b) to decrease significantly (p < 0.05) in the untreated group
(Aβ) in comparison with every other group except the aqueous extract
treated groups. Likewise, the product of lipid peroxidation (MDA) was
observed to increase significantly in the hippocampal homogenate and
blood plasma of rats in the untreated group (Aβ) in comparison with
every other group as seen in Figure 5c and d.

3.7. Effect of various treatment interventions on plasma C-Reactive protein
(CRP)

CRP concentration increased in the untreated group (Aβ) and the
group pre-treated with an aqueous extract of Bf (AEBF þ Aβ) when
compared with all other groups as presented in Figure 6.

3.8. Effects of treatments on hippocampal Naþ/K þ -ATPase
concentration and glutamate level

Results observed in Figure 7a showed a decreased hippocampal level
of Naþ/K þ -ATPase in the untreated group (Aβ) as compared with the
control groups. However, the figure also shows that the ethanol extract
(both the pre-treatment and post-treatment models) was able to slightly
restore the Naþ/K þ ATPase concentration towards normal though it
was not significantly (p > 0.05) different either from the N/S or Aβ
at a significant level of p < 0.05; (a) DPPH Radical Scavenging Ability of Ethanol
(b) DPPH Radical Scavenging Ability of Aqueous Extract {# (p < 0.05), ##(p <

anol Extract {* (p < 0.05) observed at all concentrations} and (d) ABTS Radical



Figure 3. Effect of treatment on (a) Memory index as recorded during the NOR test. (b) Spontaneous alternation of rats. The following symbols signify the levels of
significance at p < 0.05 across groups, using ANOVA and Tukey’s posthoc test, γ ¼ significantly different from N/S, δ ¼ significantly different from Aβ, η ¼
significantly different from AEBF þ Aβ, ε ¼ significantly different from AβþAEBF.

Figure 4. Effect of treatments on hippocampal acetylcholinesterase level. The following symbols signify the levels of significance at p < 0.05 across groups, using
ANOVA and Tukey’s posthoc test, γ ¼ significantly different from N/S, δ ¼ significantly different from A/β, ε ¼ significantly different from AEBF þ Aβ.
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groups. Figure 7b represents the hippocampal concentration of gluta-
mate. The group that received only Aβ had a significantly (p < 0.05)
increased level of glutamate (glutamate excitotoxicity) in comparison to
every other group. On the other hand, results showed that the ethanol
extracts (pre and post-treatment) prevented glutamate excitotoxicity to a
great extent.
5

3.9. Effects of treatments on plasma lipid profiles

Total cholesterol (TC), Triglyceride (TG), High-Density Lipoprotein
(HDL) and Low-Density Lipoprotein (LDL) concentrations are repre-
sented in Figure 8a, b, c, and d respectively. It was observed that the
concentration of total cholesterol which consists of the good cholesterol



Figure 5. Showing the levels of some antioxidant markers and product of lipid peroxidation in the hippocampus and blood; (a) Hippocampal Glutathione peroxidase
(GPx) level, (b) Reduced glutathione (GSH) level in the blood, (c) Hippocampal Malondialdehyde (MDA) concentration and (d) MDA conc. in the blood. The following
symbols signify the levels of significance at p < 0.05 across groups, using ANOVA and Tukey’s posthoc test, # ¼ significantly different from groups C, D and E, *** ¼
significantly different from all groups; γ ¼ sig diff from N/S, δ ¼ sig diff from Aβ, ε ¼ sig diff from EEBF Alone, η ¼ sig diff from AEBF Alone, and ρ ¼ significantly
different from EEBF þ Aβ.

Figure 6. C-Reactive Protein (CRP) concentration as measured in the blood after the different treatment regimen. The following symbols depict a level of significance
at p < 0.05 across groups; γ ¼ sig diff from N/S, δ ¼ sig diff from EEBF Alone, ε ¼ sig diff from AEBF Alone, ∞ ¼ sig diff from EEBF þ Aβ, ρ ¼ sig diff from AβþEEBF
and σ ¼ sig diff from AβþAEBF.
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(HDL) was significantly high in the control (N/S), the extract control
(EEBF and AEBF alone) and post-treated (AβþEEBF and AβþAEBF)
groups in comparison with the untreated group (Aβ). Likewise, the un-
treated group presented with a significantly (p < 0.05) high level of LDL
and triglyceride with a significantly low level of HDL (p < 0.05) in
comparison with all other groups.
6

3.10. Amyloid-beta concentration in the whole brain after treatment

In Figure 9, a significant (p < 0.05) increase in Aβ1-42 concentration
was observed in the brain of rats in group B (Aβ) when comparedwith the
vehicle control group (N/S), those in groups C and D (EEBF and AEBF
alone), G and H (post-treatment models). However, the pre-treatment



Figure 7. Effect of treatment on (a) hippo-
campal Naþ/Kþ-ATPase (b) hippocampal
glutamate concentration of rats in each
group after different treatment interventions.
The following symbols signify the levels of
significance at p < 0.05 across groups, using
ANOVA and Tukey’s posthoc test, γ ¼
significantly different from N/S, ε ¼ signifi-
cantly different from EEBF alone, η ¼
significantly different from AEBF alone, # ¼
significantly different from groups D (AEBF
alone), E (EEBF þ Aβ) and F (AEBF þ Aβ).
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models had no observed significant (p > 0.05) change in comparison
with all other groups.

3.11. Effects of treatments on hippocampal architecture using H&E stains

Figure 10 shows the dentate gyrus of the hippocampus which is the
site of neurogenesis and it is responsible for learning, memory and mood.
The N/S, EEBF and AEBF groups showed the presence of the granule cells
in the granular cell layer which was smaller in the untreated group (Aβ)
and the presence of some pyramidal neurons in the molecular layer. Aβ
(untreated group) revealed the presence of deposits and large vacuoles in
the molecular layer of the hippocampus suggesting cell death. The post-
treated models (AβþEEBF and AβþAEBF) revealed the presence of
granule cells in the granular layer similar to the control animals, how-
ever; they had scanty pyramidal cells in the molecular layer than the
control with few vacuolations. Likewise, the pre-treated models pre-
sented with the presence of vacuoles in the granular cell layer and mo-
lecular layer suggesting cell death, though not as much as that of the
untreated group. Ethanol extract mitigated the deleterious effect of Aβ on
the hippocampus than the aqueous extract.

4. Discussions and conclusion

Oxidative stress occurs as a result of an imbalance between Reactive
Oxygen species and the antioxidant defense systems and this forms the
basis of various diseases. The ethanol extract showed a better antioxidant
activity at all concentrations with a significantly higher DPPH scavenging
7

ability and ABTS scavenging ability and this implies that the ethanol
extract has a higher free radical scavenging ability, hence, can proffer a
redox-functioned proton ion for unstable free radicals thereby could play
a vital role in stabilizing detrimental free radicals within the human body
[35]. ICV injection of Aβ1–42 significantly decreased the levels of
glutathione peroxidase (GPx) and reduced glutathione (GSH) and it
invariably increased malondialdehyde (MDA) level in the blood plasma
and hippocampus homogenates of experimental rats. This shows a
connection between an increase in oxidative stress and AD due partly to
enhanced production of oxygen species and loss of different antioxidant
enzymes [36, 37]. However, BF extracts, (especially the ethanol extract)
were able to increase the level of GPx and GSH reversing the influence of
Aβ42.

Impairment in cognitive performance of rat model of Aβ1–42 was
observed in this study. Accordingly, a few investigations have revealed
that aggregation of Aβ causes synaptic dysfunction and neuro-
degeneration particularly in the hippocampal neurons and working
memory [38, 39] and a decrease in spontaneous alternations percentage
within the Y-maze task [40, 41]. Cognitive decline and impairment of
short-term memory caused by Aβ42 were significantly reversed by BF
extracts suggesting that our extract can enhance cognitive ability.
Acetylcholinesterase (ACHE) is the target employed by the cholinesterase
inhibitors for addressing cholinergic deficits in AD [42]. The reduction of
AChE in explicit regions of the brain prompts difficulty in learning and
memory [43] as equally observed in this study but the administered
extracts decreased the level and consequently alleviated the effect of
AChE, thereby enhancing cognitive functions.



Figure 8. Showing the levels of blood lipid profiles in mg/dL; (a) Total cholesterol (TC), (b) Triglyceride (TG), (c) High Density Lipoprotein (HDL) and (d) Low
Density Lipoprotein (LDL). The following symbols signify the levels of significance at p < 0.05 across groups, using ANOVA and Tukey’s posthoc test, *** ¼
significantly different from all groups; γ ¼ sig diff from N/S, δ ¼ sig diff from EEBF Alone, ε ¼ sig diff from AEBF Alone, η ¼ sig diff from AEBF þ Aβ, ρ ¼ sig diff from
AβþEEBF and σ ¼ sig diff from AβþAEBF.

Figure 9. Effect of treatments on hippocampal Aβ level. The following symbols signify the levels of significance at p < 0.05 across groups, using ANOVA and Tukey’s
posthoc test, γ ¼ significantly different from N/S, δ ¼ significantly different from A/β.
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C-reactive protein (CRP) has been documented to take an integral
part in the systemic response to inflammation and it is usually measured
as a biomarker of acute inflammation [44] because of its immediate in-
crease in response to inflammation and infection. Studies have observed
neuronal expression of CRP in AD post-mortem brains [45, 46] and
chronic activation of immune response was reported to be involved in the
etiology, advancement and prognosis of several neurodegenerative dis-
eases such as AD and PD and this leads to cognitive dysfunction [47]. A
significantly increased serum CRP concentration in the untreated group
signifies an increase in systemic inflammation in response to Aβ1-42 ICV
8

injection. However, BF extract especially, the ethanol extract showed a
better ameliorative effect by suppressing inflammation and invariably
CRP production.

DecreasedNa/K-ATPase activity has been implicated as one of the early
markers of AD [48, 49, 50]. Na/K-ATPase plays a key role in maintaining
ion balance and resting potential and hence is important for the regulation
of neuronal excitability, and synaptic transmission. Many literary reviews
have associated a decrease in the activity of Na/K-ATPase to precede the
course of neurodegeneration rather than being its outcome [49, 50, 51,
52]. Glutamate is the primary excitatory neurotransmitter in the central



Figure 10. Effect of treatments on the dentate gyrus and CA3 of the hippocampus of experimental animals. This revealed the presence of granule cells in the granular
layer and some pyramidal neurons in the molecular layer in the vehicle and extract control groups. These were not prominent in the untreated group as the cells
became degenerated while the degeneration was prevented in the post treated models, it was mildly preserved in the pre-treated model.
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nervous system of mammals [53, 54]. It plays a major role in the physi-
ology of the central nervous system because it controls numerous activities
such as memory, learning, cognitive, emotional, endocrine and other
visceral functions. Glutamate excitotoxicity is caused by excessive release
of glutamate from presynaptic nerve terminals and astrocytes into the
extracellular space and this may occur as a result of either over-stimulation
of both ionotropic and metabotropic glutamate receptors promoting the
excessive release, decreased uptake, or modification of receptor functions
[55] and this is common in some neurodegenerative disorders such as AD,
Huntington's disease, Parkinson's disease e.t.c [56]. Glutamate excitotox-
icity and Naþ/K þ -ATPase are linked because the glial glutamate carriers
(GluTs) that mediate glutamate uptake depend solely on the Naþ/K þ
-ATPase electrochemical gradient. Therefore, reduced Naþ/K þ -ATPase
activity in this study could be responsible for decreased uptake of gluta-
mate from the synaptic cleft which might have been accountable for the
observed glutamate excitotoxicity under the influence of Aβ42. However,
the ethanol extract of BF was able to mitigate glutamate excitotoxicity
through the suppression of Naþ/K þ -ATPase activity.

The role of lipids in the diagnosis and advancement of AD remains
unclear because blood lipid profiles have recently been vaguely reported
as biomarkers of AD. Though it is believed that the presence of Aβ in the
brain is the key trigger of pathological processes observed in AD, the
relationship between AD and dyslipidemia has not been well established.
Therefore, this study was designed to explore if a relationship exists
between Aβ-induced AD and cholesterol dysfunction. Higher total
cholesterol was not directly associated with AD dementia in this study.
However, an increase in low-density lipoprotein cholesterol (LDL-c) and
triglyceride correlated positively with dementia while a decrease in high-
density lipoprotein cholesterol (HDL-c) was observed with AD progres-
sion. In spite of conflicting documented works of literature on the rela-
tionship between hypercholesterolemia and AD dementia, it has been
reported that a higher level of LDL-c is usually associated with earlier AD
onset [57] through the induction of cortical amyloid deposition [58].
However, Borroni et al. [59], reported a correlation between higher total
cholesterol and faster cognitive decline in AD patients using cholines-
terase inhibitors. In line with observed dyslipidemia caused by Aβ42
peptides, extracts from Bacopa floribunda showed great therapeutic effect
through the reversal of Aβ1-42-induced dyslipidemia, especially at the
post-treated level.

Likewise, one of the metabolic features in neurodegenerative diseases
pathology, including Alzheimer’s disease is an alteration in lipid composi-
tion of cells of the central nervous system. Hence, lipotoxicity has been
linked to predisposing tissues to cellular damage, leading to inhibition of
9

ATP synthesis [60] and invariably ATP depletion. Therefore, the observed
depression of hippocampal Naþ/Kþ-ATPase activity in the untreated group
(Aβ) in this study is traceable to lipotoxicity and accompanied by increased
amyloid-beta concentration.However, theBFextract (especially theethanol
extract) suppressed the accumulation of lipids, preventing lipotoxicity and
elevated Aβ concentration.

To further test the potency of our extract, we measured endogenous
Aβ 1–42 concentration after the whole treatment and the post-treated
models demonstrated promising therapeutic effect against Aβ accumu-
lation. Photomicrographs obtained from H&E stains supported the
biochemical observations in this study because the dentate gyrus was
spared from the toxic effect of Aβ under the influence of BF extract,
especially, the ethanol extract. Thus, our results revealed that BF extracts
demonstrated a robust protective action against Aβ1-42-induced damage
and it is, therefore, considered to play a significant role in relieving some
symptoms associated with AD dementia. Finally, the effects of BF
observed in this study could have been mediated by the summation of
activities of several phytochemicals within the plant (synergism or ad-
ditive actions) or by a single component of the different phytochemicals.

5. Conclusion

Conclusively, Bacopa floribunda is an efficient cognitive enhancer that
can help alleviate the symptoms of Alzheimer’s disease, hence, can be
considered an alternative supply medicine for relieving memory impair-
ment. Though, the ethanol extract hada better ameliorative effect than the
aqueous extract. The phytochemical analysis revealed more saponins and
alkaloids in ethanol extract as compared to the aqueous extract, hence the
observed differences. Therefore, the various components of this extract
responsible for its mechanisms of action should be further examined.

5.1. Limitation of the study

Renal and liver function tests were not included in the design of this
study; therefore, the effect of these extracts could not be elucidated in the
present study.
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