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h i g h l i g h t s

� Lipopolysaccharide (LPS)-induced
impairment of cognitive function.

� Andrographis paniculata aqueous
extract (APAE) averted LPS-induced
cognitive deficit.

� APAE pretreatment prevented LPS-
induced hippocampal
proinflammatory cytokine release.

� APAE pretreatment prevented LPS-
induced hippocampal oxidative stress
mediator release.

� Pretreatment with APAE inhibited
LPS-induced hippocampal
cholinesterase activity.
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Substantial evidence has shown that most cases of memory impairment are associated with increased
neuroinflammation and oxidative stress. In this study, the potential of a standardised Andrographis pan-
iculata aqueous extract (APAE) to reverse neuroinflammation and cognitive impairment induced by
lipopolysaccharide (LPS) was examined in vivo. Rats were treated with APAE (50, 100, 200, and
400 mg�kg�1, p.o.) for 7 consecutive days prior to LPS (1 mg�kg�1, i.p.)-induced neuroinflammation and
cognitive impairment. Spatial learning and memory were evaluated using the Morris water maze
(MWM) test, while neuroinflammation and oxidative stress were assessed through the measurement
of specific mediators, namely, tumour necrosis factor-a (TNF-a), interleukin-6 (IL-6), IL-1b, superoxide
dismutase (SOD), catalase (CAT), antioxidant glutathione (GSH), reactive oxygen species (ROS), and thio-
barbituric acid reactive substance (TBARS). Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
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Cognitive deficits
MWM
were also evaluated. LPS caused significant memory deficits in the 2-day MWM protocol, whereas pre-
treatment with standardised APAE dose-dependently improved performance in the MWM test. APAE
treatment also blocked the LPS-induced hippocampal increase in the concentration and expression of
proinflammatory cytokines (TNF-a, IL-1b, and IL-6) and production of ROS and TBARS and enhanced
the activities of AChE and BChE. Furthermore, APAE enhanced the decrease in the levels and expression
of hippocampal antioxidant enzymes (SOD and CAT) following LPS-induced neuroinflammation and cog-
nitive deficit. The findings from these studies suggested that standardised APAE improved memory and
had potent neuroprotective effects against LPS-induced neurotoxicity.
� 2018 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction purchased from a local community pharmacy (Watsons, Mines
Cognitive dysfunction is a common feature primarily associated
with advancing age but may also be related to a variety of neurode-
generative conditions, including Alzheimer’s disease (AD), Parkin-
son’s disease (PD) and stroke. The relative paucity of effective
treatments for cognitive impairment illustrates that there is an
unmet medical need, and consequently, the search for effective
treatments of cognitive dysfunction has become a significant area
of research. There is evidence that certain neurodegenerative dis-
eases are associated with alterations in inflammatory processes
in the central nervous system (CNS) [1]. Relatedly, cytokines,
which are involved in inflammation, have been shown to regulate
physiological functions, including learning and memory [2].

Neuroinflammation and oxidative stress play major roles in pro-
moting neurodegeneration and subsequently affecting cognition via
the production of toxic proinflammatory cytokines (PICs) and oxida-
tive stressmediators [3]. A number of cholinesterase inhibitors have
beenapproved for the symptomatic treatmentof neurodegenerative
diseases such as AD [4]. However, side effects, including syncope,
bradycardia, hypertension and chronotropic effects, have been
reported in patients following their prolonged use [5,6]. Further-
more, these treatments do little to affect the underlying progression
of the disease. Thus, there is a need to develop more effective alter-
native therapies with antiinflammatory and antioxidative proper-
ties capable of inhibiting the underlying mechanisms of
neuroinflammation to promote neuroprotection and prevent or
reverse cognitive impairment. One such approach is the use of
medicinal plants as a source of therapeutic agents capable of target-
ing and preventing the toxic PICs and oxidative stress mediators
associated with neurodegeneration.

Experimental studies have revealed that some traditionally
used plants can enhance cognitive function [7]. Of these, Andro-
graphis paniculata (AP) has numerous recognised activities and
antiinflammatory and antioxidant properties that suggest that it
may possess promising neuroprotective benefits [8]. The major
active ingredients (diterpenoids) present in the aerial part of the
plant are andrographolide (AGP), neoandrographolide (NAG) and
14-deoxy-11, 12-didehydroandrographolide (DDAG) (Fig. 1).

However, there is limited information available to date about
the action of AP on the CNS, such as its effects on cognition and
potential for neuroprotection. Hence, the present study examined
the use of the plant as a medicinal supplement to alleviate cogni-
tive impairment associated with inflammation and oxidative stress
in a rat model of LPS-induced neuroinflammation and cognitive
impairment.

Material and methods

Chemicals, reagents and kits

Lipopolysaccharide (LPS), thiobarbituric acid, trichloroacetic
acid and sodium citrate used in this study were obtained from
Sigma-Aldrich (St. Louis, MO, USA). The Tanakan tablet (40 mg
containing Ginkgo biloba (GB), marketed by Ipsen, France) was
Resort city, Seri Kembangan, Malaysia). Other chemicals, 5,50-
dithiobis (2-nitrobenzoic acid (DTNB), acetylthiocholine and
butyrylthiocholine iodide, were supplied by Nacalai Tesque Inc.
(Kyoto, Japan). Kits for the assessment of PICs and enzyme activi-
ties were purchased from Cusabio Biotech Co. Ltd, (Wuhan, China)
and Cayman Chemical Company, (Ann Arbor, MI, USA),
respectively.

Animals selection and care

Healthy male Wistar rats, 10–12 weeks of age and weighing
between 250 and 300 g, were utilised for this study (Takrif Bistari
Enterprise, Selangor, Malaysia). All rats were kept in the Faculty of
Medicine animal house for a period of 10 days to adapt to labora-
tory conditions at an ambient temperature of 25 ± 2 �C with a 12-h
light-dark cycle. The rats were maintained on standard commercial
rat/mouse pellets (Specialty feeds, Glen forest, Western Australia)
and water available ad libitum throughout the experiments. All
experimental procedures were conducted in accordance with the
principles of laboratory animal care designated and approved
by the Universiti Putra Malaysia (UPM) Animal Care Use Committee,
UPM/IACUC/AUP-R046/2013.

Experimental design

The rats were randomly assigned to seven separate groups with
10 rats in each group.

� Group 1 (normal control (NC) group): These rats were orally (p.
o.) treated with vehicle, namely, the equivalent volume of ultra-
pure water produced using an ultrafilter machine (Millipore
Direct-Q, SAS, Molsheim, France) as used for the administration
of Andrographis paniculata aqueous extract (APAE) and GB.

� Group 2 (LPS group): The rats were given ultrapure water for
7 days and LPS (1 mg�kg�1) injected intraperitoneally (i.p.) in
normal saline on day 8.

� Groups 3, 4, 5 and 6 (APAE + LPS groups): Standardised APAE
was dissolved in ultrapure water to achieve the required doses
of 50, 100, 200, and 400 mg�kg�1 and administered p.o. to rats
once daily for 7 days followed by the administration of LPS
(1 mg�kg�1, i.p.) in saline on day 8.

� Group 7 (GB + LPS group): The rats were treated with
200 mg�kg�1 GB p.o. once daily for 7 days prior to the adminis-
tration of LPS (1 mg�kg�1, i.p.) on day 8.

Preparation of standardised APAE

Andrographis paniculata Burm. Nees [9] was grown in field 2,
UPM, Serdang, Selangor. A voucher specimen (No. SK965/04) was
previously deposited at the Herbarium of the Laboratory of Natural
Products, Institute of Bioscience, UPM. The plant leaves were har-
vested at 10–12 weeks post germination, washed with running
tap water, sorted, and subjected to three successive changes of
ultrapure water. The leaves were dried at 40 �C in an oven dryer
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Fig. 1. Major diterpenoids found in AP.
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for 3 days followed by grinding using a grinder. The powdered
samples were collected in a clean bottle and stored at 4 �C until
required for extraction. Twenty mL ultrapure water was added to
each g of the powdered leaf sample of AP in a conical flask. There-
after, the mixture was homogenised and heated for 4–5 h at 60 �C
in a water bath prior to filtration through Whatman No. 1 filter
paper. The extract was then pooled, frozen at �80 �C and freeze
dried into dry powder in a freeze dryer (Labconco FreeZone 4.5,
Kansas City, MO, USA). Thereafter, the extract was standardised
using a Waters high-performance liquid chromatography (HPLC)
system to andrographolide (AGP), neoandrographolide (NAG),
and 14-deoxy-11, 12-didehydroandrographolide (DDAG) contents,
and the standardised extract was termed APAE and used for the
study.
Acute oral toxicity study of standardised APAE

The acute oral toxicity of the standardised APAE was assessed in
accordance with the limit dose test using the up and down proce-
dure (UDP) adopted by the Organization for Economic Cooperation
and Development [10]. A total of five adult male rats randomly
selected for the study were marked for identification, housed in
individual cages and allowed to acclimate to the laboratory condi-
tions for a period of 7 days prior to dosing. The rats were fasted
overnight prior to doing but allowed access to water. The first rat
was picked, weighed and orally administered freshly prepared
APAE at a limit dose of 5000 mg�kg�1 body weight. A second rat
was given the same dose of APAE, and this was continued until
all 5 rats had been fed the same dose of the extract. Each animal
was monitored for instant death. Then, the animals were observed
over a 24-h period for the short-term outcome and for the next
14 days for any delayed toxic effects.
HPLC system for the determination of the active constituents
(diterpenoid lactones) of APAE

AGP,NAG, andDDAGwerequantifiedusing theWatersHPLC sys-
tem e2695 separation and 2998 photodiode array detection mod-
ules. Chromatographic separation was performed using a reverse
phase Kinetex column (C18, 150 � 4.6 mm, i.d.; 5 mm, Phenomenex
Inc, 411 Madrid Avenue, Torrance, CA, USA). The mobile phase con-
sistedof acetonitrile (ACN): 5 mMphosphate buffer, (NaH2PO4) con-
taining 0.5% triethylamine (TEA) at a ratio of 1:2 (v/v) with the pH
adjusted to 3.2 with phosphoric acid. The flow rate was set at
1 mL/min (which resulted in an operating backpressure in the range
of 1000–1400 psi), detectorwavelengths at 225 nmand an injection
volume of 20 mL. Standard stock solutions of AGP, NAG, andDDAG in
methanol were prepared and thenmixed at the appropriate volume
to provide a stock solution of 100 mg/mL. Thereafter, two-fold (2�)
serial dilutions were conducted using the mobile phase to achieve
eleven different concentrations in the range of 100–0.0488 mg/mL
for the preparation of a calibration graph. A 20-mL volume of stan-
dard concentration solution was injected in triplicate into the col-
umn to obtain its chromatogram. The calibration curve was then
plotted between peak areas against various concentrations of each
of the standard diterpenoid lactone compounds.

Method validation

The validation of the developed HPLC method was determined
in terms of linearity, accuracy, intra-day precision, inter-day preci-
sion and recovery. The limits of quantitation (LOQ) and detection
(LOD) were also determined for AGP, NAG, and DDAG. Both
intra-day and inter-day precision tests were conducted by analys-
ing standards of AGP, NAG, and DDAG in varied concentrations
ranging from 0.04488 to 100 mg/mL on 5 occasions in the morning
and afternoon of the same day, while inter-day precision was
assessed by analysing the same concentrations of the standards 5
times on 2/3 consecutive days. Percentages (%) and coefficients of
variation (CVs) were calculated in both cases.

Determination of the active constituents of APAE

Standardised APAE (1 mg) was mixed with 1 mL mobile phase
to achieve a 1 mg/mL concentration. The mixture was then soni-
cated and filtered before being transferred into a 1.5 mL HPLC vial
and finally loaded into the HPLC tray. Acquisition was performed
with 20 mL per sample solution in replicates, and the phytochemi-
cal content of the extract was calculated from each of the standard
curves obtained from the diterpenoid lactone compound mixture
(AGP, NAG, and DDAG).

Morris water maze test

The Morris water maze (MWM) test is a well-established beha-
vioural task for studying spatial learning and memory in animals
[11]. The primary measure in the MWM test is escape latency and
refers to the time the test animal takes to find the platform after
being released into the maze. The escape latency is a relative mea-
sure of the cognitive abilities of the animal to learn and remember
the platform location. In the present study, rats were tested for cog-
nitive function using a 2-day protocol [12] with a slight modifica-
tion with the addition of a probe trial. In brief, following seven
days pretreatment with APAE, GB or vehicle, the animals were
trained in the water maze with extra-maze cues and a visible plat-
form, which was positioned approximately 2 cm above the water
surface. The training consisted of four trials on the first day,
assigned D1V1-4 (day 1, visible platform trial 1–4). During the
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training trials, the animals are expected to learn to find the platform
within 120 sec (escape). Animals that failed to escape within the
120 sec were guided manually to the platform, where they were
allowed to stay for 10 sec before being removed to a separate cage
to dry. Thereafter, the experimental animalswere injectedwith LPS.
After 24 h, the animals were sequentially evaluated in three hidden
platform tests (H1–H3) followed by a probe trial, consisting of a sin-
gle 30-sec trial performed another 24 h later in a pool not contain-
ing the platform. During the trials, swim latency, path length,
swimming speed and frequency of entry to the target area (in the
probe trial) were recorded using the ANY-maze Video Tracking Sys-
tem (Stoelting,Wood Dale, IL, USA). All data were thereafter used to
assess performance in the water maze task.

Sample collection

Following the behavioural experiment (day 3), rats were sacri-
ficed using CO2, and the brain was removed and placed an inverted
petri dish on ice. The hippocampus was then dissected, snap frozen
in liquid nitrogen, and then stored at �80 �C until required for
processing.

Tissue preparation

Frozen hippocampal tissue sections were homogenised in 5-
times (w/v) ice-cold phosphate buffer 0.1 M (pH 7.4) containing
protease inhibitor (cocktail) and further allowed to lyse for
20 min on ice prior to centrifugation at 10,000g for 20 min to
obtain the supernatant. Part of the supernatant was centrifuged
(1200g for 20 min) to acquire the postmitochondrial supernatant.
The former was used for the determination of levels of PICs, includ-
ing tumour necrosis factor (TNF)-a, interleukin (IL)-1b, IL-6,
malondialdehyde (MDA), reactive oxygen species (ROS), and choli-
nesterase activities, while the latter was used for the quantitative
determination of superoxide dismutase (SOD) and catalase (CAT)
activities in addition to glutathione (GSH) level.

Determination of the level of PICs

LPS disrupts and compromises the integrity of the blood-brain
barrier by triggering neuroinflammation and oxidative stress pro-
cesses [13]. An imbalance between pro- and antiinflammatory
cytokines has been shown to be crucial in the pathogenesis of neu-
rodegenerative disorders; thus, the levels of PICs were measured in
this study. The cytosolic supernatant of the hippocampus was anal-
ysed for the presence of immunoreactive, TNF-a, IL-1b, and IL-6
using commercial ELISA kits (Cusabio, Wuhan, China) following
the manufacturer’s instructions.

Measurement of oxidative stress markers

Determination of intracellular ROS level
Oxidative stress following stimulation with a toxicant results in

the generation of excessive free radicals in cells or tissue, resulting
Table 1
Gene and primer sequences used in the gene expression study.

Gene
name

Forward primer sequence

TNF-a CACCACGCTCTTCTGTCTACTGAAC
IL-1b GAAGCTGTGGCAGCTACCTATGTC
IL-6 TGATGTTGTTGACAGCCA
Catalase GCGAATGGAGAGGCAGTGTAC
SOD GCAGAAGGCAAGCGGTGAAC
GAPDH* TACCAGCCGGGGGACCAC

Tumour necrosis factor (TNF)-a; interleukin (IL)-1b; SOD (superoxide dismutase); GAPD
in inflammation. The generation of intracellular ROS in hippocam-
pal section lysates was investigated using 2,7-dichlorofluorescein
diacetate (DCF-DA) as previously described [14] with a slight mod-
ification. ROS generation was reported as a fold change compared
with control.

Determination of lipid peroxidation
The lipid peroxidation level was estimated according to the pro-

tocol by Draper and Hadley [15] based on the MDA index using the
thiobarbituric acid reactive substance (TBARS) assay with slight
modifications and expressed as a fold change compared with con-
trol. The optical density (OD) was measured at 532 nm using a
microplate reader (VersaMax, Molecular devices, USA).

Measurement of GSH
Oxidative stress following stimulation with a toxicant results in

the generation of excessive free radicals or ROS in cells or tissue.
ROS accumulation causes the depletion of natural antioxidants
(reduced GSH), leading to diminished defence mechanisms against
free radical overload resulting in inflammation. Total GSH was esti-
mated as previously described with slight modifications [16]. The
colour generated was read at 412 nm and compared with that in
the control.

Total RNA extraction and cDNA synthesis
Total RNA was isolated using the Total RNA Isolation kit (RBC

Bioscience Corp., Taipei, Taiwan) following the manufacturer’s
instructions. RNA was quantified spectrophotometrically by
absorption measurements at 260 and 280 nm using the NanoDrop
system (NanoDrop Technologies Inc., Wilmington, DE), and the
quality was examined by separation using gel electrophoresis. Rev-
erse transcription was performed to synthesise single-stranded
cDNA using a ProtoScript II First Strand cDNA Synthesis Kit (New
England Biolabs, County Road, Ipswich, Massachusetts, USA),
which was then subjected to amplification using specific primers
for TNF-a, IL-1b, IL-6, SOD, and CAT by polymerase chain reaction
(PCR). The results were normalised to the levels of glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

Gene expression analysis
The primers shown in Table 1 were from previously published

studies [17–19] and provided by First Base (Selangor, Malaysia).
Each of the primers (forward and backward) was reconstituted to
obtain 100 mM stock solutions.

PCR was performed according to the One TaqTM 2X master mix
with a standard buffer kit (New England Biolabs, Ipswich, Mas-
sachusetts, USA) in an Eppendorf Gradient Mastercycler (Thermo
Fisher Scientific, Pittsburgh, PA, USA) using specific primers for
TNF-a, IL-1b, IL-6, SOD and CAT. A portion of the PCR products was
finally electrophoresed using a 1% agarose gel containing 1 mL ethid-
ium bromide (0.5 mg/mL) and viewed via gel doc (Bio Rad, St. Louis,
MO, USA). Images on the gels were scanned, and the mRNA expres-
sion levels for TNF-a, IL-1b, IL-6, SOD and CAT were normalised to
GADPH gene expression. All testing was conducted in duplicate.
Reverse primer sequence

CCGGACTGCGTGATGTCTAAGTACT
T CTCTGCTTGAGAGGTGCTGATGTAC

TAGCCACTCCTTCTGTGACTCTAACT
GAGTGACGTTGTCTTCATTAGCACTG
TAGCAGGACAGCAGATGAGT
CGAGCTGACAGAGTAGTA

H* (Glyceraldehyde-3-phosphate dehydrogenase).



Fig. 2. HPLC of chromatogram of (A) standard marker compounds (AGP, NAG, and DDAG, 0.1 mg/mL) found in AP and (B) standardised APAE.

Table 2
Quantity of the active ingredients in standardised APAE.

AGP (%) NAG (%) DDAG (%)

2.96 ± 0.36 1.81 ± 0.2 0.11 ± 0.02

Values are the mean ± SD (n = 3).
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Measurement of the level of antioxidant enzyme activities in the
hippocampal tissue

SOD and CAT assays were performed using ELISA kits (Cayman
Chemical, Ann Arbor, MI, USA) in accordance with the manufac-
turer’s instructions. TheODwas read at 540 nmand450 nm, respec-
tively, in a microplate reader (VersaMax, Molecular devices, US).

Measurement of cholinesterase activities

Acetylcholinesterase (AChE) activity
AChE functions by regulating the concentration of acetylcholine

(Ach) in cholinergic synapse. Thus, improving brain ACh level with
AChE inhibitors are a major therapeutic strategy for the treatment
of most degenerative disorders, such as AD. In the present study,
AChE activity was determined as described earlier [14] with a
minor modification. The difference in OD at 412 nm was observed
over 5 min spectrophotometrically.

Butyrylcholinesterase (BChE) activity
For BChE activity, butyrylthiocholine iodide was used as a sub-

strate. All other reagents and conditions were the same as those for
the AChE assay stated above.
Statistical analysis
The results were expressed as the mean ± standard deviation

(SD) following analysis via one-way analysis of variance (ANOVA)
to assess significant differences between groups, followed by
Tukey’s post hoc test to examine significant differences (P � 0.05).
Results

Standardised APAE

To quantitatively determine the bioactive ingredients (diter-
penoid lactones) in the leaf APAE, HPLC analysis was conducted.
The standardisation of APAE was chemically illustrated by means
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of marker compounds. The typical chromatograms of the marker
compounds and standardised natural product (APAE) are shown
in Fig. 2A and B, respectively.

The amounts of the known active ingredients, AGP, NAG, and
DDAG, in standardised APAE as determined by HPLC are presented
in Table 2.
Fig. 3. Evaluation of the effect of APAE on the prevention of cognitive impairment in rat
speed, (D) number of entries into target quadrant, and (E) time spent in the target quadr
compared with the LPS group.

Table 3
Result of the limit dose test of standardised APAE in rats.

Test sequence Animal identification Dose (mg�kg�1)

01 I 5000
02 II 5000
03 III 5000
04 IV 5000
05 V 5000
Acute oral toxicity of APAE

The oral administration of APAE at a limit dose of 5000 mg�kg�1

body weight did not produce any sign of acute toxicity or instant
death in any of the rats tested. Similarly, no deaths were recorded
in rats within the short- or long-term outcome of the limit dose
s using the MWM task. (A) Escape latency, (B) latency difference (D2H1-D1V4), (C)
ant. Values are expressed as the mean ± SD (n = 10). *P � 0.05, **P � 0.01, ***P � 0.001

Short-term outcome (24 h) Delayed outcome (14 days)

Survival Survival
Survival Survival
Survival Survival
Survival Survival
Survival Survival
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test using the UDP (Table 3). Therefore, the medium lethal dose
(LD50) was estimated to be greater than 5000 mg�kg�1 body
weight via oral administration.
Standardised APAE pretreatment prior to LPS administration improves
performance in the MWM task demonstrated by decreased latency to
reach the submerged platform and prevents LPS-induced cognitive
impairment

The latency to locate the platform (Fig. 3A) in addition to the
latency difference (Fig. 3B: D2H1-D1V4; long-term memory) was
significantly (P � 0.001) longer in the LPS group than in the
vehicle-treated control animals. Similarly, in the probe trial, the
number of entries (Fig. 3D) and the time spent (Fig. 3E) in the target
quadrant were significantly lower in the LPS-treated animals than
in the control animals. However, APAE pretreatment 24 h prior to
LPS administration dose-dependently improved performance in
the MWM task, as illustrated by a shorter latency to reach the sub-
merged platform (Fig. 3A) and a smaller latency difference than in
the group treated with LPS alone. The result revealed significantly
(P � 0.001) distinct learning abilities illustrated by a smaller latency
difference in the treated groups than in the LPS control group.
Importantly, GB displayed a similar effect as APAE. Both agents pro-
Fig. 4. Effect of standardised APAE on LPS-induced production of PICs. (A) TNF-a,
(B) IL-6, and (C) IL-1b. Values are expressed as the mean ± SD (n = 10). *P � 0.05,
***P � 0.001 compared with the LPS group.
duced similar effects at 200 mg�kg�1, and the GB (200 mg�kg�1) and
APAE (200 and 400 mg�kg�1)-treated groups were significantly dif-
ferent from the NC group. Furthermore, examination of the number
of entries into the target quadrant (probe trial) the time spent in the
platform quadrant revealed that the APAE-pretreated groups dis-
played significantly (P � 0.05, P � 0.01, and P � 0.001) higher num-
bers and times than the LPS control group, illustrating recall of the
previously learned task.

Standardised APAE prevents the LPS-induced hippocampal production
of PICs

LPS-treated rats exhibited significantly elevated TNF-a (Fig. 4A),
IL-6 (Fig. 4B) and IL-1b (Fig. 4C) production in the hippocampus
compared to NC rats. However, compared with LPS alone, pretreat-
ment with increasing doses of APAE significantly suppressed the
production of all measured PICs in a dose-dependent manner
(Fig. 4A-C).

Standardised APAE attenuates the LPS-induced hippocampal
production of oxidative stress markers in rats

LPS-treated animals exhibited significantly (P � 0.001) elevated
intracellular ROS and TBARS levels in the hippocampal region
when compared with NC animals. APAE or GB pretreatment
significantly (P � 0.001) decreased the central ROS and MDA levels
compared with LPS treatment alone (Fig. 5A and B).

Standardised APAE enhances hippocampal antioxidant enzyme
activities and level

LPS significantly (P � 0.001) decreased the activities of SOD and
CAT and significantly depleted (P � 0.001) GSH levels within the rat
hippocampal region, indicating increased oxidative stress pro-
cesses (Fig. 6A-C). APAE pretreatment produced a significant
Fig. 5. Effect of standardised APAE and GB on LPS-induced production of oxidative
stress markers. (A) ROS and (B) TBARS. Values are expressed as the mean ± SD
(n = 10). ***P � 0.001 compared with the LPS group.



Fig. 6. Effect of pretreatment with standardised APAE or GB on the LPS-induced
decrease in hippocampal antioxidant enzyme (A) SOD (B) CAT and (C) GSH activities
and levels. Values are expressed as the mean ± SD (n = 10). ***P � 0.001 compared
with the LPS group.

Fig. 7. Effect of standardised APAE on the LPS-induced upregulation of cholinester-
ase activities in the hippocampus. (A) AChE and (B) BChE. Values are expressed as
the mean ± SD (n = 10). *P � 0.05, ***P � 0.001 compared with the LPS group.
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dose-dependent (P � 0.001) increase in enzyme activities and
antioxidant levels (Fig. 6A, B, and C), reaching normal levels at
doses of 200 mg�kg�1 above. This effect was also observed with
GB at 200 mg�kg�1.

Standardised APAE inhibits the hippocampal cholinesterase activities
induced by LPS

LPS significantly (P � 0.01) increased AChE and BChE activities
in the rat hippocampus, and this effect was significantly and
dose-dependently attenuated (P � 0.001 for 100, 200, and
400 mg�kg�1 APAE; P � 0.05 for 50 mg�kg�1) by pretreatment with
standardised APAE (Fig. 7A and B). GB (200 mg�kg�1) produced a
similar effect as that of 200 mg�kg�1 APAE. The AChE and BChE
activities were restored to normal levels with 400 mg�kg�1 APAE.

Effect of APAE on LPS-induced PIC mRNA expression in the rat
hippocampus

Analysis of the intensity of the bands using Image Lab software
(Bio Rad, USA) revealed that LPS (1 mg�kg�1) caused a marked
10.8-, 7- and 5.47-fold upregulation of TNF-a, IL-1b and IL-6 mRNA
expression in the hippocampus, respectively, 48 h after exposure
and completion of the MWM test (Fig. 8A-C). Pretreatment with
standardised APAE produced a significant (P � 0.001) dose-
dependent inhibition of this upregulation.

Effect of standardised APAE on LPS-induced rat hippocampal
antioxidant enzyme expression levels

The effects of standardised APAE on CAT and SOD mRNA levels
in LPS-induced rat hippocampus sections are shown in Fig. 9A and
B. In the rat hippocampus, CAT and SOD mRNA expression levels
were significantly (P � 0.001) lower in the LPS-treated group than
in the NC group (unstimulated). However, pretreatment with APAE
or GB significantly (P � 0.05, P � 0.001) inhibited the LPS-induced
downregulation of the mRNA expression levels of these antioxi-
dant enzyme in a dose-dependent manner (Fig. 9A and B).

Discussion

Safety studies on herbal products have been evaluated by con-
ducting acute toxicity tests amongst other toxicity testing in labo-
ratory animals [20]. In the present acute toxicity study, the oral
administration of a single 5000 mg�kg�1 body weight dose of APAE
did not produce any sign of acute toxicity or instant mortality in
any of the rats tested (Table 3), suggesting that the extract has
low toxicity and is safe when administered orally. Thus, the LD50
of the extract was considered to be greater than 5000 mg�kg�1. This
result is similar to the finding of Mohammed et al. [21], who
reported that up to 2000 mg�kg�1 of the ethanolic extract of aerial
parts of AP is considered safe in rats.

Evidence has long shown that neuroinflammation plays a major
role in the pathophysiology associated with impaired cognitive
function [22]. Exposure of rats to LPS induces significant memory



Fig. 8. Standardised APAE attenuates the LPS-induced increase in the mRNA
expression levels of (A) TNF-a (B) IL-1b and (C) IL-6 in the rat hippocampus. Values
are expressed as relative fold change (n = 10). *P � 0.05, ***P � 0.001.

Fig. 9. Standardised APAE inhibits LPS-induced downregulation of (A) CAT and (B)
SOD mRNA in the rat hippocampus. Values are expressed as relative fold change
(n = 10). *P � 0.05, ***P � 0.001.
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deficits as evidenced by an alteration in spatial learning shown in
MWM test. The LPS-treated group showed higher levels of PICs in
the hippocampal sections than did the NC and APAE/GB pretreated
rats. This observation is in line with earlier studies demonstrating
that systemic administration of LPS produces increased levels of
proinflammatory mediators in the brain, including TNF-a and IL-
1b, in laboratory animals [23]. Furthermore, LPS-treated rats,
showing elevated levels of PICs, exhibited decreased performance
in the MWM, consistent with a previous study that reported that
LPS-induced neuroinflammation causes cognitive impairment
[24]. In addition, the ability of the rats to locate the target quadrant
and the total time spent in the target quadrant during the probe
test were significantly lower (P � 0.001) in the group treated with
LPS alone, which exhibited signs of neuroinflammation, than in the
treatment groups (Fig. 3E). Long-term memory was also evaluated
in the rats by comparing the differences in the performance on
D1V4 to those on D2H1 (Fig. 3B). Pretreatment with standardised
APAE or GB significantly (P � 0.001) reduced the escape latency
in LPS-treated rats (Fig. 3A). These observations agree with those
in a recent study that reported cognitive deficits after a 7-day
repeated exposure to LPS [25]. Similarly, assessment of long-term
memory (D2H1-D1V4) also revealed a dose-dependent ameliora-
tion of the LPS-induced cognitive deficits in the treatment groups
(Fig. 3B). A previous study showed that a large D2H1-D1V4 repre-
sents poor performance, whereas a smaller D2H1-D1V4 indicates
that the animals have learned the location of the visible platform
during day 1 training and can remember the location of the hidden
platform on day 2 [12]. Interestingly, only the group treated with
the highest dose of APAE (400 mg�kg�1) showed significantly more
(P � 0.05) entries into the target quadrant (probe trial experiment)
than the LPS group (Fig. 3C). The findings in this study are consis-
tent with a recent study that showed an influence of LPS-induced
upregulation of PICs on learning and memory [25]. Similarly, the
observed effect in the GB-treated group is consistent with an ear-
lier report of the medicinal effect of GB against stress and memory
loss [26].

Proinflammatory agents, including LPS, trigger neuroinflamma-
tion and oxidative stress processes [13]. In addition, an imbalance
between pro- and antiinflammatory cytokines contributes to the
development of neurodegenerative disorders and impaired neuro-
genesis [27]. Studies have also reported deficits in learning and
memory as a result of neuroinflammation affecting hippocampal
function [28]. In this study, LPS caused a marked increase in the
production of PICs (IL-1b, TNF-a, and IL-6) in the rat hippocampus
compared to vehicle treatment. The elevated cytokine levels in this
study could explain the cognitive deficit observed in the LPS con-
trol group. These findings agree with recent studies that reported
LPS activation of glial cells caused upregulation of IL-1b, IL-6, and
TNF-a in the hippocampus with cognitive deficits and subsequent
neuroinflammatory pathologies [29]. However, compared LPS
treatment alone, pretreatment with graded doses of APAE or GB
significantly arrested the production of these measured cytokines
in a dose-dependent manner (Fig. 4A-C). This observed effect is
consistent with an earlier related finding that 8 weeks of treatment
with GB extract decreased TNF-a and IL-1b expression in the hip-
pocampus and cerebral cortex sections in atherosclerotic rats [30].

LPS challenge contributes significantly to the production of ROS
and the pathogenesis of various inflammatory diseases [31]. In this
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study, the increased production of ROS and TBARS in LPS-treated
animals was correlated with the compromised state of learning
and memory, likely as a result of impaired hippocampal function-
ing. Thus, oxidative stress is involved in this condition. However,
pretreatment with APAE or GB significantly inhibited the LPS-
induced upregulation of these oxidative stress markers (Fig. 5A
and B) and improved learning and memory compared to LPS treat-
ment alone.

Evidence suggests that upregulation of free radicals and other
ROS with a concomitant decrease in natural antioxidants, coupled
with elevated TBARS levels, a measure of lipid peroxidation, leads
to significant cellular damage in various conditions [32]. Therefore,
the levels of ROS, TBARS and antioxidant enzymes such as CAT and
SOD were measured in the hippocampal sections of both control
and treated rats. Administration of LPS upregulated the production
of oxidative stress markers and produced a significant reduction in
SOD and catalase activities, which was prevented by pretreatment
with graded doses of APAE or GB (Fig. 6A-C). These observations
agree with an earlier report that suggested that therapies aimed
at preventing the production of free radicals could be potentially
effective therapies for neurodegenerative diseases [33]. The
observed decrease in CAT and SOD functions in our study could
be associated with increased ROS production. However, treatment
of rats with standardised APAE or GB significantly (P � 0.05) ame-
liorated the changes induced by LPS in a dose-dependent manner,
consistent with recent related studies that reported an attenuation
of the serum levels of these enzymes [34].

To illustrate behavioural changes in the context of biochemical
alterations, the levels of enzyme activity were measured in rat hip-
pocampal sections. AChE is an essential biological enzyme that
hydrolyses ACh, a neurotransmitter considered crucial in AD
pathology [35]. Increased AChE activity lowers ACh levels and facil-
itates inflammatory responses [22]. ACh has been reported to pre-
vent the upregulation of PICs induced by LPS from microglia [36].
Earlier studies and reports have shown that inhibition of AChE
activity enhances ACh levels, resulting in inhibition of TNF-a, IL-
6 and IL-1b production via the cholinergic antiinflammatory path-
way [37]. In the present study, AChE levels were measured in the
hippocampal region of the brain. LPS treatment significantly
increased hippocampal AChE activity in the LPS control group, sig-
nifying a decrease in cholinergic activities and supporting earlier
findings [23]. However, we showed that pretreatment with varied
doses of APAE or GB decreased AChE activity in a dose-dependent
manner (Fig. 7A and B). Consistent with previous studies, AP
extract inhibited AChE with an IC50 value of 222.41 mg/mL [38].
Thus, the observed inhibitory effect of APAE on AChE activity in
this study further supported its neuroprotective effect via the
cholinergic antiinflammatory pathway.

Increased hippocampal PIC mRNA expression levels have been
shown to contribute to cognitive impairment [39]. In the present
study, LPS injection markedly upregulated TNF-a, IL-1b and IL-6
levels (Fig. 8A-C and D) and downregulated antioxidant enzyme
levels (Fig. 9AC). This finding supports earlier studies that reported
increased expression of proinflammatory mediator genes following
LPS induction [40]. However, consistent with previous studies,
treatment with APAE showed a significant (P � 0.05) neuroprotec-
tive effect via downregulation of mRNA levels of these inflamma-
tory and oxidative stress markers, thus preventing cognitive
deficits in experimental rats [40].

Conclusions

APAE exerts its anti-neuroinflammatory and memory enhanc-
ing effect through inhibition of pro-inflammatory and oxidative
stress mediators production to prevent neuronal death thereby
enhancing learning and memory. This study demonstrated that
APAE is safe and protects against the cognitive impairment and
neuroinflammation induced by LPS. The activity was shown to be
more effective than that of GB, specifically EGb761 (TanakanTM),
which has been shown to be clinically effective in patients with
cognitive impairment. These findings illustrate the potential for
AP to be used clinically and indicate that the therapeutic uses of
AP should be further explored.
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