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Background: Phyllanthus amarus (PA) is widely studied for its hepatoprotective properties 
but has recently received increasing attention due to its diverse anti-inflammatory effects. 
However, the effects of PA in modulating immune responses in the central nervous system 
leading to protection against functional changes remain unexplored. Therefore, we sought 
to examine the protective effects of 80% v/v ethanol extract of PA on lipopolysaccharide 
(LPS)-induced non-spatial memory impairment and neuroinflammation.

Methods: Selected major phytoconstituents of PA extract were identified and quantified 
using high-performance liquid chromatography. Subchronic neurotoxicity was performed 
in male Wistar rats given daily oral administration of 100, 200, and 400 mg/kg of the 
PA extract. Their neurobehavioral activities (functional observation battery and locomotor 
activity) were scored, and the extracted brains were examined for neuropathological 
changes. Rats were treated orally with vehicle (5% Tween 20), PA extract (100, 200, and 
400 mg/kg), or ibuprofen (IBF; 40 mg/kg) for 14 and 28 days before being subjected to 
novel object discrimination test. All groups were challenged with LPS (1 mg/kg) given 
intraperitoneally a day prior to the behavioral tests except for the negative control group. 
At the end of the behavioral tests, the levels of tumor necrosis factor-α (TNF-α), interleukin 
(IL)-1β, nitric oxide (NO), inducible nitric oxide synthase (iNOS), CD11b/c integrin 
expression, and synaptophysin immunoreactivity were determined in the brain tissues.

Results: Gallic acid, ellagic acid, corilagin, geraniin, niranthin, phyllanthin, hypophyllanthin, 
phyltetralin, and isonirtetralin were identified in the PA extract. Subchronic administration 
of PA extract (100, 200, and 400 mg/kg) showed no abnormalities in neurobehavior 
and brain histology. PA extract administered at 200 and 400 mg/kg for 14 and 28 days 
effectively protected the rodents from LPS-induced memory impairment. Similar doses 
significantly ( p < 0.05) decreased the release of proteins like TNF-α, IL-1β, and iNOS in the 
brain tissue. NO levels, CD11b/c integrin expression, and synaptophysin immunoreactivity 
were also reduced as compared with those in the LPS-challenged group.
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Conclusion: Pre-treatment with PA extract for 14 and 28 days was comparable 
with pre-treatment with IBF in prevention of memory impairment and alleviation of 
neuroinflammatory responses induced by LPS. Further studies are essential to identify the 
bioactive phytochemicals and the precise underlying mechanisms.

Keywords: Phyllanthus amarus, neuroinflammation, neuroprotection, non-spatial memory, pro-inflammatory markers

INTRODUCTION

Phyllanthus amarus Schumah & Thonn. (PA) belongs to the 
Euphorbiaceae family and is traditionally used for kidney ailments, 
diabetes, pain, jaundice, gonorrhea, chronic dysentery, skin 
ulcer, and hepatitis B. Recently, the plant has received increasing 
attention and has been studied for various pharmacological 
properties such as immunomodulatory, antinociceptive, anti-
inflammatory, antioxidant, antibacterial, anticancer, antiulcer, 
gastroprotective, antifungal, antiplasmodic, antiviral, aphrodisiac, 
contraceptive, hepatoprotective, antihyperglycemic, antilipidemic, 
nephroprotective, and anti-amnesic activities (Joshi and Parle, 
2007; Patel et al., 2011). Although it demonstrates a wide 
spectrum of pharmacological actions, the unifying features of 
all these actions are directed towards the anti-inflammatory 
and antioxidant properties of the plant. PA contains various 
phytoconstituents such as lignans, alkaloids, phenolics, terpenes, 
tannins, flavonoids, sterols, and volatile oils (Patel et al., 2011). Of 
all these phytochemicals, phyllanthin, hypophyllanthin, corilagin, 
and geraniin are found in abundance and potentially responsible 
for the reported anti-inflammatory actions of PA (Patel et al., 2011; 
Jantan et al., 2014). Most of the anti-inflammatory studies were 
performed in models of inflammation either in vitro or in vivo. 
However, limited available data to substantiate the effects of PA 
in neuroinflammation have warranted a study to explore the anti-
inflammatory actions of PA in the central nervous system (CNS).

Neuroinflammation has been implicated in the pathogenesis 
of neurodegenerative diseases such as Alzheimer’s disease (AD), 
Parkinson’s disease (PD), and multiple sclerosis (MS) and of 
neuropsychiatric disorders such as major depressive disorder, 
schizophrenia, and bipolar disorder (Radtke et al., 2017). Unlike 
other systemic immune responses, microglia are the resident 
macrophage in the brain. Microglial activation forms the basis 
of many immune-mediated responses of the CNS, which enables 
it to cope with pathogens, toxins, trauma, and degeneration. 
However, it is the hyperactivation of microglial cells that initiates 
excessive production of inflammatory mediators leading to 
destructive inflammatory responses in the brain (Kempuraj et 
al., 2016). Additionally, the brain is also exposed to constitutive 
defense responses, such as systemic inflammation. The systemic 

inflammation may also lead to the initiation of circulating cytokines, 
thereby impacting CNS and triggering neuroinflammation. Over 
the decades, it was evident that the immune system plays a central 
role in learning, memory modulation, and neural plasticity. Under 
normal quiescent conditions, immune mechanisms positively 
regulate the neural circuits remodeling, promotion of memory 
functions, and neurogenesis (Thomson and Sutherland, 2005). In 
conditions under which the immune system is strongly activated 
by infection, injury, or severe or chronic stressful conditions, the 
inflammatory mediators disrupt the delicate balance needed for 
neurophysiological actions and produces detrimental effects on 
memory, neural plasticity, and neurogenesis (Okun et al., 2012).

Bacterial infections initiate innate immune responses including 
activation of toll-like receptor 4 (TLR4) and the transcription 
factor nuclear factor kappa-light-chain-enhancer of activated B 
cells (NF-κB) in microglia and macrophages, which subsequently 
provoke the expression of cytokines and generation of nitric oxide 
(NO) (Parajuli et al., 2012). These pathways play a basic role in 
the degradation of bacteria by immune cells, which unfavorably 
influence neuronal death. Lipopolysaccharide (LPS) is a cell wall 
component of gram-negative bacteria and a ligand of TLR4 that 
initiates immune responses to infections. As compared with other 
glial cells, microglial cells are markedly responsive to LPS leading 
to learning and memory impairment. Intraperitoneal injection of 
LPS induces secretion of pro-inflammatory cytokines resulting in 
neuroinflammation, hippocampal apoptosis, cognitive impairment, 
learning deficits, and even beta-amyloid plaques generation in the 
hippocampus (Rock et al., 2004; Zarifkar et al., 2010).

Previous studies in our laboratory identified the presence of 
phyllanthin, hypophyllanthin, gallic acid, geraniin, corilagin, ellagic 
acid, and niranthin in 80% ethanol extract of PA (Jantan et al., 2014). 
It was also found that P. amarus at doses of 100 to 500 mg/kg for 
14 days revealed non-toxic effect with no abnormalities in general 
behavior and physiology of rats (Ilangkovan et al., 2015). Additionally, 
a single or daily repeated doses administration of PA for 28 days 
revealed no morphological changes in histopathological observation 
of the kidney, liver, and pancreas (Lawson-Evi et al., 2008; Kushwaha 
et al., 2013). Lack of study for assessment of neurotoxicity of PA has 
led us to examine the effects of this plant extract on neurobehavior 
and brain histopathological changes in rats.

Although the anti-inflammatory activities of PA have been 
documented (Ilangkovan et al., 2015; Harikrishnan et al., 2018), 
there is a lack of evidence to substantiate similar effects in the 
CNS. Treatment with PA extract and phyllanthin was found to 
improve memory impairment and exhibited anticholinesterase 
activity in young and older mice (Joshi and Parle, 2006; Joshi and 
Parle, 2007). These are important early findings that demonstrated 
the plant activity in the brain suggestive of its potential value in 

Abbreviations: PA, Phyllanthus amarus; LPS, lipopolysaccharide; IBF, 
ibuprofen; i.p., intraperitoneal injection; CNS, central nervous system; AD, 
Alzheimer’s disease; PD, Parkinson’s disease; MS, multiple sclerosis; TLR4, toll-
like receptor 4; NF-κB, nuclear transcription factor; HPLC, high-performance 
liquid chromatography; LOD, limit of detection; LOQ, limit of quantification; 
NOD, novel object discrimination test, TNF-α, tumor necrosis factor-α; 
IL-1β, interleukin-1β; NO, nitric oxide; iNOS, inducible nitric oxide synthase; 
CD11b/c, cluster differentiation 11b/c.
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the prevention and treatment of neurodegenerative diseases. 
Similarly, other Phyllanthus species such as Phyllanthus niruri 
(Ambali et al., 2012) and Phyllanthus emblica (Ashwlayan and 
Singh, 2011) have also been reported to reverse memory deficits 
induced by scopolamine, sodium nitrite, or chlorpyrifos in 
different animal models of cognitive behavior, which further 
support a notion of their neuroprotective role. Therefore, the 
present study sought to examine the neuroprotective effects of 
PA extract as compared with IBF, a widely studied nonsteroidal 
anti-inflammatory drug, for its neuroprotective effects against 
LPS-induced memory impairment and inflammation in rodents.

MATERIALS AND METHODS

Animals
Adult male Wistar rats weighing 190–200 g (5 weeks old) were 
obtained from the Laboratory Animal Resource Unit (LARU), 
Universiti Kebangsaan Malaysia (UKM), Malaysia. The rats were 
housed in a temperature-controlled room (22–25°C) and exposed 
to 12 h dark/light cycles. Experiments were carried out on the 
basis of procedures approved by UKM Animal Ethics Committee. 
Animals were allowed to acclimatize for 7 days before the initiation 
of treatment. The animal laboratory was maintained under standard 
conditions. The studies were performed according to procedures for  
the use of animals in research as approved by the UKM Animal Ethics 
Committee with the approval number FF/2017/NORAZRINA/ 
24-MAY/850-JUNE-2017-JULY-2018 for the toxicity assessment 
in rats and FF/2015/NORAZRINA/20-MAY/683-MAY-2015-
MAY-2016 for the efficacy and molecular study done in rats.

Chemicals
LPS from Escherichia coli (055:B5) and ibuprofen (IBF; >98% 
purity) were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). Radioimmunoprecipitation assay (RIPA) buffer, 
enzyme-linked immunosorbent assay (ELISA) kits for tumor 
necrosis factor-α (TNF-α), and interleukin (IL)-1β were obtained 
from R&D Technology (Minneapolis, MN, USA). Inducible 
nitric oxide synthase (iNOS), anti-CD11b/c, and synaptophysin 
were from Abcam (Cambridge, MA, USA). β-Actin was from 
Cell Signaling Technology (Beverly, MA, USA). Methanol and 
acetonitrile [high-performance liquid chromatography (HPLC) 
grade] were brought from Fisher Scientific (Loughborough, UK). 
Phyllanthin, hypophyllanthin, gallic acid, geraniin, corilagin, 
ellagic acid, niranthin, phyltetralin, and isonirtetralin were 
purchased from ChromaDex (CA, USA) with purity > 98%.

Preparation of Extract
The whole plant of PA Schumah & Thonn. was obtained from 
Marang, Kuala Terengganu, Malaysia, in the month of February 
2016. Dr. Abdul Latif Mohamad from the Faculty of Science 
and Technology, Universiti Kebangsaan Malaysia (UKM), 
identified the plant, and a voucher specimen (P. amarus 
UKMB 30078) was deposited at the Herbarium of UKM, 
Bangi, Malaysia. After collection, the plant was allowed to dry 
for a week and then ground to form the coarse powder. A total 

of 1 kg of the coarse powder was soaked in 80% ethanol for 
9 days. The extract was filtered, and the solvent was changed 
every 72 h. The solvent was removed using a rotary evaporator, 
and the extract was subjected to freeze-drying and stored  
in −20°C.

High-Performance Liquid Chromatography 
Analysis of 80% Ethanol Extract of 
Phyllanthus amarus
Qualitative and quantitative HPLC analysis was performed 
according to the method of Jantan and colleagues, with a slight 
modification (Jantan et al., 2014). Twenty milligrams of PA extract 
and 1 mg of reference standards (gallic acid, ellagic acid, corilagin, 
geraniin, niranthin, phyllanthin, hypophyllanthin, phyltetralin, 
and isonirtetralin) each in 1 mL of methanol were ultra-sonicated 
for 10 min. Then they were filtered through 0.45-µm Millipore 
Millex polytetrafluoroethylene membrane (Maidstone, Kent, UK). 
The diluted extract and the reference standards were analyzed using 
the following conditions: reversed-phase column, C-18 (100 mm × 
4.6  mm inner diameter, 5 µm, XBridge, Waters, Ireland); detector, 
photodiode array (Waters 2998); wavelength, 220 nm; and flow 
rate, 1.0 mL/min. Phyllanthin and hypophyllanthin were eluted 
isocratically (mobile phase A, acetonitrile; B, acidified water with 
0.1% orthophosphoric acid) with 5% B, increased to 95% over 20 min, 
and then followed by 95% for 15 min. In addition to that, gallic 
acid, ellagic acid, corilagin, geraniin, niranthin, phyltetralin, and 
isonirtetralin were eluted by gradient method (mobile phase A, 
acetonitrile; B, acidified water with 0.2% orthophosphoric acid) 
with 5–70% A (0 to 15 min) and 70% to 95% A (15 to 30 min) 
and then followed by 95% A for 20 min. Compound identification 
was done by comparing the retention time and spectra peaks 
with the reference standards. A calibration curve was plotted 
with three different concentrations (250, 500, and 1,000 µg/mL) 
for each standard versus the area under the peaks. The standard 
curve equations obtained from each bioactive compound were 
used to quantify the compounds in the extract (Jantan et al., 2014; 
Yuandani et al., 2016).

High-Performance Liquid Chromatography 
Validation
Validation was performed by determining the linearity, precision, 
limit of detection (LOD), and limit of quantification (LOQ). 
Linear calibration analysis was evaluated to determine the 
linearity by calculating the correlation coefficient (r2) from the 
calibration curve. A calibration curve was plotted with three 
different concentrations (250, 500, and 1,000 µg/mL) for each 
standard. The method precision was determined by intra-day and 
inter-day assays, and they are performed by injecting the extract 
(20 mg/mL) and standards (1 mg/mL) separately three times in 
a day and on three different days. The mean values of the area 
under the peak and retention time obtained from the intra-day 
and inter-day assay were used to confirm the reproducibility of 
the results. LOD and LOQ were calculated using the formula 
LOD = 3.3 × (σ/S) and LOQ = 10 × (σ/S), where σ = standard 
deviation of the response and S = slope.
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Subchronic Neurotoxicity Study
Toxicity tests were conducted according to Organisation for 
Economic Co-operation and Development 423 guidelines with 
modified procedure (Organisation for Economic Co-operation 
and Development, 2002). Twenty adult male Wistar rats were 
divided into four groups randomly. Group 1 was considered 
as vehicle control with 5% Tween 20; groups 2, 3, and 4 were 
administered orally with 100, 200, and 400 mg/kg of PA extract 
for 28 days. The general behaviors of rats were observed by 
functional observational battery (FOB) test and followed by 
histopathological evaluation.

Functional Observational Battery
Neurobehavioral changes were evaluated by FOB, a widely used 
screening method to identify potential neurotoxicity of new and 
existing chemicals. The procedure was based on the McDaniel 
and Moser (1993) protocol with slight modifications. Home-cage 
movement and hand-held observations were performed in the 
FOB. The number of line crossings, rearing against a wall, center 
square entry, grooming, defecation, and urination were observed 
in the open field activity test for 28 days (McDaniel and Moser, 
1993; Brown et al., 1999).

Histopathological Evaluation
After behavioral analysis, rats were sacrificed, and their brains 
were dissected and weighed. They were immersed in 10% neutral 
buffered formalin and stored until further analysis. Tissues 
were processed, embedded in paraffin, and sectioned at 5-μm 
thickness. The slides were stained with hematoxylin and eosin 
(H&E) and viewed under a light microscope for semiquantitative 
histological evaluation (Clausen et al., 2009) and morphological 
observation of the neurons and pyramidal cells. Responses to 
insult were evaluated as edema of the brain parenchyma and 
infiltration of the cortical lesion and hippocampus ipsilaterally 
by macrophages, neutrophils, and lymphocytes as the signs of 
inflammation. Evaluation of morphological and pathological 
changes was performed by an investigator (MAM) blinded to the 
treatment status of each animal.

Experimental Design for 14 and 28 Days 
of Phyllanthus amarus Extract Treatment
The animals were divided into six groups of eight and received daily 
oral administration of 5% Tween 20 (negative and vehicle control 
groups), IBF 40 mg/kg (positive control), and PA extract at different 
doses (100, 200, and 400 mg/kg). The treatment was scheduled for 
14 and 28 days. A day prior to the cognitive behavioral tests, all 
groups were challenged with 1 mg/kg of LPS given intraperitoneally 
except the negative control group, which received an intraperitoneal 
injection of the vehicle. The animals were decapitated at the end of 
the experiment, and their brains were collected for further analysis.

Cognitive Behavioral Studies
Novel Object Discrimination Task
Novel object discrimination test (NOD) is utilized to assess the 
non-spatial memory in rodents. This test examines the time spent 

in exploring the novel object and a familiar object. The method was 
adopted from previous studies with minor modifications (Ennaceur, 
2010; Azmi et al., 2011). NOD was performed in an open box 
(width × length × height = 40 cm × 40 cm × 40 cm) made of Perspex. 
The lighting setup was fixed above the ceiling inside the behavior 
room with constant illumination. The object was a glass bottle made 
with a distinct color. The floor was divided into nine equal squares by 
black lines for scoring of locomotor activity. The procedure consisted 
of three phases: habituation, familiarization, and test phases. Each 
rat was pre-habituated for 1 h per day before the experiment. On the 
experiment day, animals were allowed to explore the empty arena 
for 3 min individually, followed by the familiarization phase, where 
an animal was allowed to explore two identical objects (A1 and A2) 
for another 3 min. During the test phase, animals were allowed to 
explore one identical object that has been explored before (A3) and 
one novel object (B) inside the arena for 3 min. In between phases, 
the open field and objects were cleaned with 70% v/v ethanol to 
eliminate olfactory cues while the rat was returned to its home 
cage. The location and combination of objects used were alternated 
between rats to decrease bias. Scoring of exploration was carried out 
when the rat nose was directed towards the object at a distance of 
≤2 cm or touching the object. Turning around, sitting, or climbing 
on the object was not scored as an exploratory behavior. Their 
exploratory behavior was scored during a playback of the closed-
circuit television (CCTV) footage. The non-spatial memory was 
determined using the values of discrimination index (DI). DI was 
calculated for every rat using the formula DI = (B − A3)/(B + A3).

Locomotor Activity
The locomotor activity was measured for each rat by scoring the 
number of line crossings inside the arena during familiarization 
and test phases. The activity was scored as the frequency of line 
crossings with all four paws across the line during a playback of 
the CCTV footage.

Brain Sample Collection
After the behavioral study, animals were decapitated and their 
brains dissected into two hemispheres to be stored in −80°C 
until further analysis. The left and right hemispheres were 
collected alternately from each group and homogenized in an 
equal amount of RIPA (R&D Technology, Minneapolis, MN, 
USA) buffer with protease inhibitor followed by centrifugation at 
12,000 rpm for 20 min at 4°C. The supernatant was collected and 
molecular analysis performed.

Measurement of Cytokines
The concentrations of pro-inflammatory cytokines TNF-α and IL-1β 
were estimated using ELISA kits (R&D Systems, Minneapolis, MN, 
USA) as per manufacturer protocol. Cytokine levels were expressed 
as percentage of inhibition (Achoui et al., 2010; Harikrishnan et al., 
2018). The percentage inhibition was calculated as

 
%

[( ) ( )
Inhibition

cytokine control sa= ×
−

100
cytokine mmple

control

]
( )cytokine











   

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org


Neuroprotective Effects of PAAlagan et al.

5 June 2019 | Volume 10 | Article 632Frontiers in Pharmacology | www.frontiersin.org

Griess Assay
Nitrite levels were measured in the brain tissue using the Griess 
assay. The Griess reagent consisted of 0.1% N-(1-naphthyl)
ethylenediamine dihydrochloride, 1% sulfanilamide, and 2.5% 
phosphoric acid. Equal volume of Griess reagent and brain sample 
was mixed and incubated at 37°C for 10 min. The absorbance 
was read at 542-nm wavelength spectrophotometrically in 
ELISA plate reader. Nitrite levels were expressed as percentage of 
inhibition (Green et al., 1982; Achoui et al., 2010). The percentage 
inhibition was calculated as

 
%
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Western Blot
Total protein concentrations in the left and right hemispheres were 
quantified using NanoQuant. Equal amount of protein (60 µg) was 
separated by 8% and 12% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis and transferred to polyvinylidene fluoride 
membrane. Blots were blocked for 2  h at room temperature with 
1% bovine serum albumin (BSA) in tris-buffered saline with Tween 
20 (TBST) and washed. The blots were incubated with primary 
antibody iNOS (1:1,000, Abcam, Cambridge, MA, USA) and 
synaptophysin (1:500, Abcam, Cambridge, MA, USA) overnight. 
After being washed, blots were incubated with horseradish 
peroxidase-conjugated secondary antibody for 2 h. The membrane 
was then developed for visualizing the protein band in gel doc 
image analyzer using enhanced chemiluminescence kit (R&D 
Systems) (Zhu et al., 2016; Harikrishnan et al., 2018).

Immunohistochemistry of Brain Slices
After the behavioral study, two rats from each group were 
anesthetized with a combination of ketamine, xylazine, 
tiletamine, and zolazepam. Transcardiac perfusion with normal 
saline (0.9%) and buffered 4% paraformaldehyde was performed to 
fix the brain. The whole brain was collected and cryoprotected with 
30% sucrose. The hippocampus area was sectioned coronally in the 
cryostat (30 µm in thickness) and stored in anti-freezing solution. 
Then the sections were washed twice with 0.1M phosphate-buffered 
saline (PBS). The sections were blocked with 3% BSA, 0.75% Triton 
X, and 0.1M PBS for 1 h in 60 rpm at room temperature. They were 
incubated overnight with mouse monoclonal anti-CD11b/c 
(1:500, Abcam, Cambridge, MA, USA). The next day, the sections 
were washed twice and kept for 1-h incubation with Alexa Fluor 
488 secondary antibody. Finally, the sections were mounted on 
slides after being washed and viewed under a confocal microscope 
(Nikon Microscope ECLIPSE TE 2000-E) with a 20× objective. 
The immunostained area in the hippocampus for CD11b/c was 
measured using ImageJ software referred to a particular area (4 × 
104 μm2) (Hernangomez et al., 2016; Shen et al., 2016).

Statistical Analysis
Data obtained were analyzed by one-way analysis of variance 
(ANOVA) followed by Dunnett’s post hoc test using GraphPad 

Prism 5. All experimental data were expressed as mean ± 
standard error of mean (SEM), where “n” denotes the number 
of rats involved in the test. p < 0.05 value was set as statistically 
significant.

RESULTS

Qualitative and Quantitative Analysis of 
80% Ethanolic Extract of Phyllanthus 
amarus
Identification of major phytochemicals in 80% ethanol extract 
of PA was carried out using HPLC. Separation of phyllanthin 
and hypophyllanthin was identified at 25.423 and 25.617 min, 
respectively (Figure 1A). Gallic acid, geraniin, corilagin, ellagic 
acid, niranthin, phyltetralin, and isonirtetralin appeared at 
11.156, 14.204, 15.273, 16.283, 23.933, 32.157, and 33.628 
min, respectively (Figure 1B). Compound identification was 
accomplished by comparing retention time with respective 
standard compounds (Table 1). The LOD and LOQ of the 
identified compounds are  listed in Table 1. Among the 
identified compounds in PA extract, ellagic acid (218.06 µg/mL) 
content was found to be the  highest followed by phyllanthin 
(162.69  µg/mL), corilagin (158.68 µg/mL), phyltetralin 
(145.83  µg/mL), niranthin (102.97  µg/mL), hypophyllanthin 
(95.37 µg/mL), isonirtetralin  (71.80 µg/mL), geraniin 
(67.47 µg/mL), and gallic acid (18.32 µg/mL).

Functional Observational Battery
Rats treated with PA extract for 28 days did not show any 
abnormal behavioral changes while handling and home-cage 
movement. No significant changes were observed in body 
weight, and there was no mortality rate. In locomotor activity, PA 
extract administered rats did not show any significant changes 
in the frequency of line crossing, rearing, central square entry, 
defecation, and urination (Supplementary Figure S1).

Histopathological Evaluation of 
Phyllanthus amarus-Treated Brain Tissues
The cerebral cortex and hippocampus were sectioned and stained 
to identify whether PA extract has shown any morphological 
changes in rats. The vehicle control group and PA extract-
treated group at three different doses did not show any edema or 
inflammatory changes in the cerebral cortex and hippocampus. 
In addition, no neuronal morphological changes were observed 
in the neurons and pyramidal cells (Supplementary Figure S2).

Effects of Phyllanthus amarus Extract  
on Cognitive Behavioral Studies
The DI was calculated as mentioned earlier and shown in Figure 
2. Figure 2A,B reveals that the group that received LPS alone 
showed negative DI values, indicating non-spatial memory 
impairment where the rats spent more time exploring the 
familiar object than the novel object. Pre-treatment of PA extract 
(100, 200, and 400 mg/kg) for 14 days demonstrated positive DI,  
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indicating that the rats were able to discriminate the novel from 
familiar objects significantly (*p < 0.05, **p < 0.01). However, 
after 28 days of treatment, only groups treated with 200 (*p < 
0.05) and 400 mg/kg of PA extract showed a positive DI. Taken 
together, it was evident that PA extract at 200 and 400 mg/kg 
protected against LPS-induced memory impairment. Similarly, 
the positive control (**p < 0.01) group also demonstrated a 
positive DI value. Locomotor activity was evaluated by the 
number of line crossings in the test arena. Figure 2C,D indicates 
that all groups demonstrated significantly higher locomotor 

activity (***p < 0.001, **p < 0.01) than did the group that 
received LPS alone.

Effects of Phyllanthus amarus Extract 
on Lipopolysaccharide-Induced  
Pro-Inflammatory Cytokines
The concentrations of TNF-α and IL-1β proteins were measured 
in rat brains. Elevation of pro-inflammatory cytokines in 
the LPS-induced group was observed as an evidence for 

FIGURE 1 | (A) High-performance liquid chromatography (HPLC) chromatogram profiling of Phyllanthus amarus (PA) extract with identified retention time of 
phyllanthin (25.423 min) and hypophyllanthin (25.617 min). (B) Retention time of gallic acid (11.156 min), geraniin (14.204 min), corilagin (15.273 min), ellagic acid 
(16.283 min), niranthin (23.933 min), phyltetralin (32.157 min), and isonirtetralin (33.628 min) in the extract.
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neuroinflammation through systemic inflammation. PA extract-
treated groups showed a significant decrease of TNF-α (***p < 
0.001, **p < 0.01, respectively) and IL-1β (*p < 0.05, **p < 
0.01, ***p < 0.001, respectively) levels, than did vehicle control 

in 14- and 28-day treatments. The percentage of inhibition of 
TNF-α and IL-1β is shown in Table 2.

Determination of Nitric Oxide Levels
Administration of PA extract for 14 and 28 days at three different 
doses showed significant reduction of NO production (**p  < 
0.01, ***p < 0.001). NO level in the LPS-induced group was 
greatly increased than in other groups (Table 3).

Effects of Phyllanthus amarus Extract 
in Lipopolysaccharide-Induced Changes 
in Pro-Inflammatory Enzymes and  
Synaptic Marker
Figure 3 shows the expression of iNOS protein (A and B) and 
synaptophysin immunoreactivity (C and D) following 14 and 
28 days’ treatment of PA extract in the brain tissue homogenate. 
The doses of 100 and 200 mg/kg of PA extract significantly 
decreased the LPS-induced iNOS protein expression (*p < 0.05, 
**p < 0.01, ***p < 0.001), respectively, after 14 and 28 days of 
pre-treatment. The levels of presynaptic marker synaptophysin 

FIGURE 2 | Discrimination index of PA extract treatment after 14 (A) and 28 (B) days. Data expressed as mean time in seconds ± standard error of the mean [*p < 
0.05, **p < 0.01, ***p < 0.001 vs. lipopolysaccharide (LPS), respectively]. Locomotor activity after 14 (C) and 28 (D) days’ treatment of PA extract. Data expressed 
as the mean number of line crossings ± standard error of the mean (*p < 0.05, **p < 0.01, ***p < 0.001 vs. LPS, respectively). LPS, lipopolysaccharide; IBF, 
ibuprofen (positive control); and PA, Phyllanthus amarus extract.

TABLE 1 | Limit of detection (LOD) and limit of quantification (LOQ) of the 
identified compounds.

Standards RT Intra-day (n = 3) Inter-day (n = 3)

RT
(RSD)
(%)

Peak area
(RSD)
(%)

RT
(RSD)
(%)

Peak area
(RSD)
(%)

Gallic acid 11.15 1.297 6.638 1.014 4.742
Geraniin 14.20 0.500 3.501 0.285 4.096
Corilagin 15.27 0.277 1.083 0.294 1.066
Ellagic acid 16.28 2.149 4.507 0.421 4.715
Niranthin 23.93 0.216 0.303 0.164 7.567
Phyllanthin 25.42 0.087 3.792 0.017 5.364
Hypophyllanthin 25.61 0.146 2.104 0.056 4.964
Phyltetralin 32.15 0.714 6.380 0.627 8.230
Isonirtetralin 33.62 0.714 6.380 0.017 7606

RT, retention time; RSD, relative standard deviation.
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were significantly decreased by LPS (***p < 0.001), whereas in 
the PA-treated groups, the level of synaptophysin significantly 
increased (***p < 0.001).

Protective Effects of Phyllanthus amarus 
Extract Against Glial Cell Activation
The CD11b/c integrin is expressed in activated microglial as a 
surface marker. It is an effective marker to recognize microglial 
activation at the time of neurodegeneration. Figure 4A,B shows 
the immunohistochemistry staining and intensity of CD11b/c 
integrin expression in the hippocampal region of the rat brain 
after 14 and 28 days’ administration of PA extract. The LPS-
treated group, as compared with other treated groups, showed 
small and numerous slender cell morphological features, which 
clearly explains the presence of activated microglia. Pre-treatment 
of PA extract of 200 and 400 mg/kg in 14 (*p < 0.05) and 28 days 
(**p < 0.01) showed a significant reduction of CD11b/c integrin 
expression comparable with that of the positive control.

DISCUSSION

PA has been widely studied for its anti-inflammatory activity in in 
vitro and in vivo models. A previous study demonstrated that PA 
prevented memory impairment and possessed anticholinergic and 
anti-inflammatory properties (Joshi and Parle, 2006). These findings 

suggested that PA is neuroactive and can alter the brain functions. 
However, to the best of our knowledge, no studies have been done 
to determine the effects of PA on neuroinflammation. Therefore, 
the present study sought to investigate the protective effects of 
PA extract against memory impairment and immune responses 
in LPS-induced neuroinflammation in rodents. The biological 
activities of medicinal plants are usually due to the presence of 
bioactive phytoconstituents. Similar to other studies, our results 
showed the presence of major phytoconstituents such as gallic 
acid, geraniin, corilagin, ellagic acid, niranthin, phyllanthin, 
hypophyllanthin, phyltetralin, and isonirtetralin in PA. The present 
finding is in accordance with previous studies reported for the 
presence of lignans and polyphenols in this species (Jantan et al., 
2014). We have also demonstrated that subchronic treatment of PA 
extract did not show any signs of toxicity in the animal behavior. In 
addition, no pathological changes were detected in pyramidal cells 
of the hippocampus and cerebral cortex. A similar study in our 
laboratory showed that 80% ethanol extract of PA at doses ranging 
from 100 to 500 mg/kg given orally did not cause any abnormal 
behavior and mortality in rats (Ilangkovan et al., 2015). Taken 
together, it indicates that the concentrations of the extract used for 
this study were within the safe limit.

Novel object discrimination task was performed to assess 
the rodents’ working memory and preferences towards novelty 
(Ennaceur, 2010). After 14 days’ administration of PA extract (100, 
200, and 400 mg/kg), rats showed positive preference towards the 
novel object than did the vehicle control group. However, 28 days’ 
administration of PA extract at 200 mg/kg showed a significant 
positive preference for the novel object but not with the other 
doses. It is suggested that pre-treatment with PA protected 
against LPS-induced impairment in non-spatial memory at an 
optimum dose of 200 mg/kg and prevented hypolocomotion 
induced by LPS (Custódio et al., 2013; Tortorelli et al., 2015), 
which were comparable with the effects of IBF. Cognitive studies 
done with other Phyllanthus species, namely, P. emblica, P. niruri, 
and P. reticulates have also demonstrated reversal of memory 
impairment possibly due to the anti-cholinesterase activity of this 
genus (Ambali et al., 2012; Malve et al., 2014; Uddin et al., 2016).

Cognitive impairment is noticeable in Alzheimer’s disease (AD) 
and also in other disorders where neuroinflammation is proposed 
to play a prominent role (Ownby, 2010). Initiation of TLR4, which is 
expressed in astrocytes, microglia, and neuron can antagonistically 

TABLE 2 | Percentage inhibition of necrosis factor-α (TNF-α) and interleukin (IL)-1β production.

Treatment Percentage of inhibition (%)

14 days’ treatment 28 days’ treatment

TNF-α IL-1β TNF-α IL-1β

Negative control 100*** 100*** 100*** 100***
IBF 40 mg/kg + LPS 78.82 ± 0.43** 76.92 ± 0.51*** 78.19 ± 0.57*** 69.25 ± 0.58**
Vehicle control (LPS) 0 ± 0.43 0 ± 0.51 0 ± 0.67 0 ± 0.61
PA 100 mg/kg + LPS 77.11 ± 0.52** 72.1 ± 0.74*** 69.53 ± 0.81** 55.68 ± 0.46*
PA 200 mg/kg + LPS 87.15 ± 0.32*** 79.51 ± 0.43*** 80.09 ± 0.72*** 75.80 ± 0.61**
PA 400 mg/kg + LPS 81.96 ± 0.63** 75.82 ± 0.41*** 74.3 ± 0.71*** 72.66 ± 0.52**

TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1-beta; IBF, ibuprofen; PA, Phyllanthus amarus; LPS, lipopolysaccharide. Data expressed as mean ± standard error of the mean 
(n = 3); ***p < 0.001 and **p < 0.01 compared with vehicle control (vehicle + LPS).

TABLE 3 | Percentage inhibition of nitric oxide (NO) production.

Treatment Percentage inhibition of NO production (%)

14 days’ treatment 28 days’ treatment

Negative control 100*** 100***
IBF 40 mg/kg + LPS 69.89 ± 0.15** 68.33 ± 0.22***
Vehicle control (LPS) 0 ± 0.423 0 ± 1.37
PA 100 mg/kg + LPS 67.01 ± 0.11** 59.27 ± 0.08**
PA 200 mg/kg + LPS 74.11 ± 0.07*** 73.32 ± 1.55***
PA 400 mg/kg + LPS 67.8 ± 0.31** 64.19 ± 0.66***

TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1-beta; IBF, ibuprofen; PA, 
Phyllanthus amarus; LP, lipopolysaccharide. Data expressed as mean ± standard  
error of the mean (n = 3); ***p < 0.001 and **p < 0.01 compared with vehicle control 
(vehicle + LPS).
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influence neuronal plasticity and survival in brain injury (Okun 
et al., 2012). Additionally, TLR4 signaling reduces neurogenesis 
and results in cognitive impairment. As a consequence, microglial 
cells are activated and release inflammatory mediators like TNF-
α, IL-1β, IL-6, iNOS, NO, reactive nitrogen species, and reactive 
oxygen species which mediates oxidative stress (Zhang et al., 2018). 
Indeed, an inflammatory response is a common observation in the 
brain tissue of patients with dementia (Zhao et al., 2018). Likewise, 
our present study showed that LPS increased the levels of pro-
inflammatory cytokines (TNF-α and IL-1β), which act as a central 
part in the onset and maintenance of inflammation. Related 
proteins such as iNOS and NO were significantly increased, and a 
decrease in the level of synaptic marker was noted after exposure 
to LPS. Indeed, it is known that high concentrations of NO but not 
the lower concentrations may advance excitotoxicity and result in 
cognitive impairment. It was suggested that LPS might stimulate 

the inflammatory cytokines levels in the brain via TLR4 activation 
and induces neuroinflammation (Zhang et al., 2018).

The immune-mediated changes seen with LPS were effectively 
prevented by pre-treatment of PA extract at 200 and 400 mg/kg 
for 14 and 28 days. In fact, previous studies have reported that 
corilagin from PA, ellagic acid, and geraniin were found to decrease 
the release of TNF-α and IL-β in the brain (Farbood et al., 2015; 
Tong et al., 2016). Additionally, there is a correlation between 
pro-inflammatory cytokine release with the decreased level of 
synaptophysin, which affects memory status (Strużynska et al., 
2006). In the present study, we demonstrated that 200 and 400 mg/kg 
of PA extract given for 14 and 28 days attenuated the LPS-induced 
pro-inflammatory cytokine release with resulting synaptic loss 
and memory impairment suggestive of a protective effect against 
LPS-induced neuroinflammation. Neuroinflammatory conditions, 
for example, traumatic brain damage, AD, Down syndrome, and 

FIGURE 3 | Expression of inducible nitric oxide synthase (iNOS) (A, B) and synaptophysin (C, D) after 14 (A, C) and 28 days’ (B, D) treatment of PA extract. E 
refers to β-actin (control used for A, B, C, and D). Data expressed as mean ± standard error of the mean (*p < 0.05, **p < 0.01, ***p < 0.001 vs. LPS, respectively). 
LPS, lipopolysaccharide; IBF, ibuprofen; and PA, Phyllanthus amarus extract.
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aging are often presented with memory impairment. A relationship 
between cytokine expression in the brain and memory deficits has 
also been established. For example, it has been demonstrated that the 
release of TNF-α and IL-1β is a sign of neuroinflammatory-induced 
memory impairment. Indeed, acute inflammation induced by LPS 
or IL-1β infusion led to memory impairment (Shaftel et al., 2007). 
Similarly, previous findings demonstrated that hippocampal IL-1β 
overexpression hinders contextual and spatial long-term memory 
(Thomson and Sutherland, 2005). It becomes increasingly evident 
that prevention of memory impairment observed in the PA-treated 
groups could be related to immunological changes in the brain.

Astrocytes, microglia, and neurons respond to the acute or chronic 
stimulation and can aggressively influence neuronal plasticity and 
surface marker (Okun et al., 2012) resulting in neuroinflammation. 
CD11b/c is considered as an active integral marker of the innate 
immune response in microglial cells. Researches revealed that 
activation of microglia is often noted by expressing the surface 
marker CD11b/c in either the administration of endotoxins (for 
example LPS) or injury (Liu et al., 2016). It is believed that microglial 
activation expresses various proteins and surface markers. Among 
them, CD11b/c is more sensitive and an intense marker, which plays 
a role as a binding protein for intracellular adhesion molecule-1 and 

complement receptor type 3. Therefore, CD11b/c was examined 
in the hippocampal region of the brain tissue. The outcome of the 
present study showed that PA extract and IBF attenuated CD11b/c 
integrin expression in LPS-induced rat brain, which points to 
a notion that PA inhibits microglial activation similar to IBF. 
Studies have shown that increased microglial marker CD11b/c are 
influenced by NO production. However, their complete signaling 
mechanism is uncertain to researchers (Nillert et al., 2017).

Most of the changes in cognitive function and immunological 
markers were optimum at 200 mg/kg of PA extract, and increasing 
the dose by two-fold did not cause any further increase in the 
effects. It is highly unlikely that the lack of dose–response effects 
between 200 and 400 mg/kg in many of the parameters measured 
was due to toxicity. This is evident from our toxicity study that did 
not demonstrate any neurotoxicity at the highest dose of 400 mg/
kg. The lack of dose–response effects could also be due to saturation 
of receptors at higher concentrations where a similar observation 
has been reported in other studies (Lima et al., 2016; Manalo et al., 
2017). In the present study, it is unclear as to whether the observed 
effects were produced by the major phytoconstituents of the plant or 
as a result of a combined effects of various phytochemicals present 
in the extract. Indeed, this study sought to determine the efficacy 

FIGURE 4 | Immunohistochemistry staining of CD11b/c in the hippocampal region of the rat brain (20×): the photomicrographs of brain section presenting the 
microglial activation in hippocampus after 14 (A) and 28 (B) days’ treatment. Graphical representation (A, B) refers to CD11b/c immunoreactivity area in rats’ 
hippocampus. Data expressed as mean ± standard error of the mean (*p < 0.05, **p < 0.01, ***p < 0.001 vs. LPS, respectively). LPS, lipopolysaccharide;  
IBF, ibuprofen (positive control); and PA, Phyllanthus amarus extract.
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of PA crude extract in modulating inflammatory responses in the 
brain by measuring only selected markers of neuroinflammation. 
Although limited, the present findings provide an early indication 
of the protective actions of PA against non-spatial memory 
impairment, which may result from inflammatory processes in 
the brain. It is also unclear if PA alleviated inflammation in the 
brain by inhibiting TLR4 activation induced by LPS. A different 
group from our laboratory has similarly demonstrated an anti-
inflammatory action of PA through inhibition of LPS-induced 
responses in human macrophages (Harikrishnan et al., 2018). 
The study revealed that PA targeted the NF-κB, mitogen-activated 
protein kinase, and phosphatidylinositol 3-kinase/protein kinase B 
signaling pathways to exert its anti-inflammatory effects. Therefore, 
on the basis of our present findings, we suggest that PA exhibited 
anti-inflammatory actions via LPS-induced signaling pathway.

CONCLUSION

Pre-treatment with PA extract for 14 and 28 days was comparable 
with that of IBF in the prevention of non-spatial memory 
impairment and alleviation of neuroinflammatory responses 
induced by LPS. However, further investigations are warranted to 
support this notion and to better understand the exact protective 
mechanisms of PA in altering immune and inflammatory responses 
in the brain. Identifying the bioactive compounds in the plant that 
are responsible for these effects is also essential in future studies.
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