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Abstract: Phyllanthus amarus (family: Euphorbiaceae) is of immense interest due to its wide
spectrum of biological activities. In the present study, the standardized 80% ethanol extract of
P. amarus was investigated for its modulatory activity on various cellular immune parameters,
including chemotaxis of neutrophils, engulfment of Escherichia coli by neutrophils, and Mac-1
expression, in leukocytes isolated from treated/nontreated Wistar-Kyoto rats. The detailed cell-
mediated activity of P. amarus was also investigated, including analysis of the effects on T- and
B-cell proliferation and CD4* and CD8* T-cell subsets in splenic mononuclear cells, and estima-
tion of serum cytokine production by activated T-cells. The main components of the extract,
phyllanthin, hypophyllanthin, corilagin, geraniin, ellagic acid, and gallic acid were identified
and quantitatively analyzed in the extracts, using validated reversed-phase high-performance
liquid chromatography (HPLC) methods. N-formyl-methionyl-leucyl-phenylalanine (fMLP)-
induced neutrophils isolated from rats administered with the extract of P. amarus, at doses
ranging from 100 to 400 mg/kg for 14 days, revealed a significant dose-dependent reduction in
neutrophil migration (P<<0.05). Similar patterns of inhibition were also observed in phagocytic
activity and in fMLP-induced changes in expression of 3, integrin polymorphonuclear neutro-
phils. The results in P. amarus-treated rats also demonstrated a dose-dependent inhibition of
both lipopolysaccharide-stimulated B-cell proliferation and concanavalin A—stimulated T-cell
proliferation as compared with sensitized control. At a dose of 400 mg/kg (P<<0.01), there was
a significant decrease in the (%) expression of CD4* and CDS8" in splenocytes and in serum
cytokines of T helper (Th1) (IL-2 and IFN-y) and Th2 (IL-4). In conclusion, P. amarus showed
effective immunosuppressive activities in cellular immune response, by various immune regula-
tory mechanisms, and may be useful for improvement of immune-related disorders.
Keywords: immunosuppression, leukocytes migration, phagocytic activity, splenic mononuclear
cells, T- and B-cell proliferation

Introduction

The immune system refers to the organization of immune cells (neutrophils, mac-
rophages, and T lymphocytes) and specialized immune molecules that have evolved to
mediate resistance to infections. The coordinated interactions of these molecules and
immune cells evoke an appropriate immune response.'* These immune responses of
the human body against any nonself antigen have been divided into two interrelated
subsystems, ie, innate immunity, which mediates the initial protection against infec-
tions, and adaptive immunity. The latter has been discovered to develop gradually and
specifically against invading pathogens and features the presence of “memory” cell lines
that enhance the response to repeated exposure to same antigen.*¢ The major cellular
components of the innate immune system involve phagocytes, including neutrophils
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and macrophages, which recognize and engulf microbes for
intracellular killing. Many soluble proteins called cytokines,
including TNF-o,, IL-18, IL-6, type I TFN (IFN-o. and IFN-f),
IFN-v, and chemokines are also involved in defense against
microbes in addition to complement system.””’

The complement system is made up of circulating and
membrane-associated proteins that play an essential role in
host defense in three distinct ways: 1) facilitate opsoniza-
tion of microbes by phagocytes; 2) chemotaxis of leukocyte
to the site of complement activation; and 3) penetration of
the microbial cell membrane by polymeric protein complex
to disturb the permeability barrier, causing the death of the
microbe.'*3 In contrast to the innate immune response, the
adaptive immune response specifically recognizes distinct
substances produced by microbes and is capable of providing
a long-lasting protection. The adaptive immune response can
be divided into two subgroups, humoral immunity (mediated
by B lymphocytes) and cellular immunity (mediated by T
lymphocytes). There are three different strategies utilized by
the adaptive immune response in order to activate defense
mechanisms against microbes: 1) blocking of the ability of
microbes to cause infection in host cells, through the effect of
specific antibodies; 2) enhancement of the microbicidal activi-
ties of phagocytes, with the aid of antibodies and T helper
(Th) cells; and 3) elimination of cells infected by microbes,
by cytotoxic T lymphocytes. !5

Despite the complex immunological mechanisms,
the effectiveness and efficiency of this system depends
on dynamic interplay between antigen and a network of
immunologically competent cells. This is because there are
many mechanisms by which the normal immune restoration
process can go awry. The failure to maintain an adequate
redox balance of immune cells may lead to impaired immune
response, which may pose serious threats to health. In this
context, immunomodulators play an essential role in restor-
ing immune imbalance. Clinically, immunomodulators can
be classified into three main types, including immunosup-
pressants, immunostimulants, as well as immunoadjuvants.
The benefit of immunomodulators is their regulation of the
immune system, by modifying various aspects of both innate
and adaptive immune responses. '

Modulation of the immune response by medicinal plants
and their active components provide a potential alternative
to conventional chemotherapy for a variety of immunologic
diseases. In this context, the development of natural product—
based drug candidates as immunomodulators has gained
momentum in contemporary research studies directed toward
design and discovery of drugs, as they possess fewer side

effects than conventional therapies.' Medicinal plant products
have long been used as active agents of immunotherapy in
traditional medicines, for the treatment of many immuno-
logical disorders. Actinidia macrosperma, Aesculus indica,
Andrographis paniculata, Allium sativum, Cajanus indicus,
Gymnema sylvestre, Asparagus racemosus, Baliospermum
montanum, Curcuma longa, Semecarpus anacardium, Una-
caria tomentosa, Tilia cordata, and Tinospora cordifolia are
among the medicinal plants claimed to possess potential immu-
nomodulatory values.' In sight of this, Phyllanthus amarus
(family: Euphorbiaceae) is of immense interest due to its wide
spectrum of biological activities, such as anti-inflammatory,
antimicrobial, antiviral (against Hepatitis B), antimutagenic,
anticarcinogenic, hepatoprotective, nephroprotective, cardio-
protective, and hypoglycemic.**#! It has been demonstrated
that the medicinal properties were due to the phytochemicals
possessed by P. amarus, including alkaloids, polyphenols,
flavonoids, lignans, ellagitannins, triterpenes, sterols, and
volatile oil.*** Recent research activities have well established
the immunomodulatory properties of P. amarus, which pro-
vides a source for the development of agents for suppression
of normal or exaggerated immune response.

Our previous studies demonstrated that standardized
extracts of P. amarus and their major constituents (phyllanthin,
hypophyllanthin, gallic acid, geranin, corilagin, and ellagic
acid) potentially inhibited the in vitro chemotactic migration
as well as phagocytic ability of phagocytes and suppressed
the release of reactive oxygen species by granulocytes; we
also isolated and identified the major bioactive compounds
responsible for the immunomodulatory activity of P. amarus
in our previous studies.** The aim of the present study was to
investigate the selected parameters of cellular immunity, which
included migration and phagocytosis of leukocyte and Mac-1
expression, in leukocytes isolated from treated/nontreated
Wistar-Kyoto rats. Further, T- and B-cell proliferation and
CD4" and CDS8" T-cell subset expression in splenocytes, and
serum cytokine production by activated T-cells were also inves-
tigated in Wistar-Kyoto rats. In order to further investigate the
immunomodulatory properties of P. amarus, the cell-mediated
activity was studied using a panel of antigen-specific assays
for T- and B-cell proliferation, and CD4* and CD8* T-cell
subset analysis in splenocytes, and estimation of serum level
cytokines production by activated T-cells.

Materials and methods

Chemical and reagents
Lipopolysaccharide (LPS), concanavalin A (ConA), fluores-
cein isothiocyanate (FITC)-labeled opsonized Escherichia

submit your manuscript

4918

Dove

Drug Design, Development and Therapy 2015:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Immunosuppressive effects of Phyllanthus amarus

coli, 3-aminophthalhydrazide (luminol), phosphate-buffered
saline (PBS) tablet, Hank’s balance salt solution (HBSS),
ficoll, Roswell Park Memorial Institute (RPMI)-1640,
fetal bovine serum (FBS) penicillin, streptomycin,
Lymphoprep™ gradient (1,077 mg/mL), trypan blue reagent,
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) reagent, and phorbol 12-myristate 13-acetate
(PMA), were purchased from Sigma-Aldrich Corp (St
Louis, MO, USA). Sheep red blood cells (sRBCs) were
obtained from Innovative Research, Inc. (Sarasota, FL,
USA). FBS was obtained from PAA Laboratories (GE
Healthcare, Little Chalfont, UK). Pharm Lyse™ lysing
solution, FITC-conjugated anti-mouse CDS, phycoerythrin
(PE)-conjugated CD4, allophycocyanin (APC)-conjugated
CDI11b, FITC-conjugated CD18, and IgG-FITC were
obtained from BD Biosciences (Franklin Lakes, NJ, USA).
CytoSelect 24-well cell migration assay kits were obtained
from Cell Biolabs, Inc. (San Diego, CA, USA). Cyclophos-
phamide, *H-thymidine (0.5 puCi/well), and scintillation
cocktail (Ultima Gold MV) were purchased from Perkin
Elmer, Inc. (Waltham, MA, MA, USA). Radioactivity was
measured using a Tri-Carb 3110 TR Perkin Elmer Liquid
Scintillation Counter (Perkin Elmer, Inc.). Chemilumines-
cence measurements were carried out on a Luminoskan™
Ascent luminometer (Thermo Fisher Scientific, Waltham,
MA, USA). Fluorescence reading was performed using
Victor 2 plate reader (Perkin Elmer, Inc.). Enzyme-linked
immunosorbent assay (ELISA) was performed using Pro-
cartaPlex rat immunoassay kit (eBioscience, San Diego,
CA, USA) and measured using a Luminex instrument from
Bio-Rad Laboratories (Hercules, CA, USA). A microplate
reader was obtained from Thermo Fisher Scientific. Hema-
toxylin and xylene for staining were obtained from BDH
(Merck KGaA, Darmstadt, Germany). Phyllanthin and
hypophyllanthin were isolated based on methods described
in a previous study, with purity >98%,* whereas gallic acid,
ellagic acid, corilagin, and geraniin (purity >98%) were
purchased from ChromaDex (Irvine, CA, USA). Methanol
(high-performance liquid chromatography [HPLC] grade),
acetonitrile (HPLC grade), and trifluoroacetic acid (analyti-
cal grade [AR]) grade were obtained from Merck KGaA.
A Phagotest kit was obtained from Glycotope Technology
(Berlin, Germany). The flow cytometry BDFACS Canto II
equipped with 488 nm argon-ion laser was used (BD Biosci-
ences). A CO, incubator (Shel Lab; Sheldon Manufacturing,
Inc., Cornelius, OR, USA), light microscope, and HPLC
device (Waters 2998; Leitz Wetzlar, Wetzlar, Germany)
were also used in the study.

Plant material and preparation of extracts
The whole plants of P. amarus were obtained from
Marang, Kuala Terengganu, Malaysia. The plants were
authenticated by Dr Abdul Latif Mohamad of the Fac-
ulty of Science and Technology, Universiti Kebangsaan
Malaysia (UKM), and voucher specimens (P. amarus
UKMB 30078) were deposited at the Herbarium of UKM,
Bangi, Malaysia. The collection of plant samples did not
involve endangered or protected species, and the study
was carried out at the Drug and Herbal Research Center,
Faculty of Pharmacy, UKM. Whole plants of P. amarus
(1 kg) were ground and extracted with 80% EtOH (3x3 L)
at room temperature for 72 hours, then filtered through
Whatman® Gradel filter paper (Sigma-Aldrich Corp). The
filtrate was collected, and excess solvent was evaporated
under reduced pressure using a rotary evaporator at tem-
perature between 55°C and 60°C. The yield of extracts
obtained was 108 g (10.8% w/w). The extract was resus-

®

pended in 5% Tween® 20 solution before being orally (PO)

administered to rats.

HPLC analysis of 80% ethanol extract

of P.amarus

HPLC analysis and validation were carried out based on
the chromatographic condition described in our previous
studies.** Briefly, the HPLC analysis was performed
using the following conditions: reverse-phase C-18 column
(250 mm x4.6 mm ID, 5 m, XBridge™; Waters Corpora-
tion, Milford, MA, USA), and photodiode array (PDA)
detector (Waters 2998) of wavelength ranging from 205 to
270 nm. Identification and quantification of components of
the extracts and standard compounds, including gallic acid,
ellagic acid, corilagin, geraniin, phyllanthin, and hypophyl-
lanthin were performed using two different chromatographic
conditions, method 1 and method 2, as described in our
previous study.*** For the analysis of the extracts and stan-
dard solutions of phenolic compounds (gallic acid, ellagic
acid, corilagin, and geraniin), analysis was performed using
method 1, with corilagin as an external standard. The iden-
tification of each compound was carried out by comparing
the retention times and ultraviolet-visible (UV-Vis) spectra
of the peaks with those of the standard compounds. Identi-
fication and quantification of the lignans (phyllanthin and
hypophyllanthin) were carried out based on the chromato-
graphic conditions described in method 2. The validation
of HPLC for the standardization of the extract was carried
out by determination of linearity, precision, and limits of
quantification (LOQ) and detection (LOD).
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Animals

All procedures in animal studies were conducted under a
protocol approved by the UKM Animal Ethics Committee.
During the experiment, animals were kept in faculty premises
with the observance of ample conditions.

Acute oral toxicity

The acute oral toxicity of 80% ethanol extracts of P. amarus
was investigated in Wistar-Kyoto rats of either sex (three
male and three female rats, age ranging from 6 to 8 weeks
and body weight ranging from 300-320 g) using the guide-
lines provided by Organisation of Economic Co-Operation
and Development (Guideline 423).% Each rat received a
single dose of 80% ethanol extract of P. amarus (dose rang-
ing from 100 to 500 mg/kg) for 14 days. The weight of the
rats was measured daily, and the rats were also observed for
changes in their general behavior as well as physiological
abnormalities.

Experimental design

The experimental material comprised 36 adult male Wistar-
Kyoto rats of inbred strains (6—8 week old), with average body
weight ranging from 300-320 g. These rats were obtained
from University of Science Malaysia, Kelantan, Malaysia
and had been used for cellular immunity studies. Animals
were acclimatized for at least 1 week prior to being placed
on study. The animals were initially divided into six groups.
The negative control group (group 1) received a regular diet,
and the vehicle control group (group 2) received 5% Tween
20 solution. Animals in the positive control group (group 3)
received cyclophosphamide, a known immunosuppressant,
PO at a dose of 100 mg/kg body weight of the animal. The
animals in the experimental groups (groups 4—6) received
80% P. amarus extract at doses of 100, 200, and 400 mg/kg
body weight, respectively, over a period of 14 days. Blood
samples were collected on day 14, by retroorbital puncture,
to evaluate the effects of P. amarus on the phagocytic activity
of neutrophils. The rats were then immunized with sRBC,
a T-cell-dependent antigen, on day 15. The blood samples
were collected again on day 21 prior to the analysis for
T- and B-cell proliferation, CD4* and CD8" expression in
T-cell subsets in splenocytes, and estimation of serum level
cytokine production by activated T-cells. The doses of posi-
tive control and the extract used in this study were selected
based on previous studies.** P. amarus was extracted in
80% ethanol in this study, as the highest amount of lignan,
phenolic, and flavonoid compounds can be retrieved at 80%
ethanol concentration.*”* These compounds were believed to

be the main contributors to the immunosuppressive proper-
ties of P. amarus, and our previous study demonstrated the
major contribution of phenolic compounds to immunosup-
pressive activity. Animal rooms were maintained between
18°C and 26°C with a relative humidity of 40%—70% and a
12-hour light/dark cycle. The animals were maintained on
a standard pellet diet and tap water access was provided ad
libitum. Body weights were obtained regularly, and dosing
volumes were adjusted accordingly. All animals were dosed
once daily for 14 days PO, by gavage, to evaluate the toxicity
of extracts/drug on the body weight and liver of rats.

Isolation of neutrophils from whole rat
blood

The isolation of neutrophils was from whole rat blood, which
was drawn from treated rats before immunization. This was
performed using a modified Histopaque® gradient technique
as described by Kumar et al.”* Briefly, 5 mL of Lymphoprep
gradient (1,077 mg/mL) was placed into a 10 mL Falcon®,
tube and equal volume of whole rat blood was carefully lay-
ered on the gradient without any break to the gradient. The
Falcon tube, containing two-step gradients of Lymphoprep
and blood was centrifuged at 400x g for 45 minutes. The
neutrophils and erythrocytes sedimented through the lym-
phoprep layer during centrifugation. The erythrocytes were
then lysed using Pharm Lyse lysing solution. At the end of
incubation, the falcon tube was centrifuged at 200x g for 5
minutes. The supernatant was aspirated carefully without
disturbing the pellet and resuspended in PBS. The viability
of cells was checked with trypan blue exclusion assay.

Cell migration assay

The effect on neutrophils migration was quantitatively access
by using CytoSelect 24-well Cell Migration Assay kits (Cell
Biolabs, Inc.). The neutrophils were isolated from nonim-
munized rats. The cell suspension, containing 1.5x10° cells
in 300 L serum-free media was added to the upper chamber
(consisting of a polycarbonate membrane insert, with 3 um
pore-sized filters) of a 24-well tissue culture plate, while
RPMI (500 pL) media containing chemotactic stimulant,
N-formyl-methionyl-leucyl-phenylalanine (fMLP) (108M),
was added to the lower chambers of the 24-well plate. The cell
suspension was left in the inside of each insert to migrate for
2.5 hours at 37°C and 10% CO,. The migratory cells passed
through polycarbonate membrane and adhered to the bottom
side. The insert was then transferred to a new well containing
cell detachment solution and incubated at 37°C and 10% CO,
for 30 minutes to dislodge the cells. Lysis buffer/CyQuant®
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GR dye solution was added to stain the dislodged cells. The
number of cells migrating to lower chambers was determined
by fluorescence, per manufacturer’s instructions, on a Victor
2 plate reader (Perkin Elmer, Inc.).

CDIIb and CDI8 integrin expression

on leukocytes

The CD11b/CD18 integrin expression assay was performed
using a modified method of Jantan et al.** Aliquots (100 uL)
of neutrophils isolated from whole blood of nonsensitized rats
were stimulated with fMLP (1 uM) for 90 minutes at 37°C
in a CO, incubator. Then, all the tubes were simultaneously
transferred to an ice bath to stop the reaction. Subsequently,
10 uL of CD11b-PE, CD18-FITC, or IgG-FITC (negative
control) was added to the mixture. All the tubes were incu-
bated for 60 minutes on ice. Pharm Lyse lysing solution was
added into each tube and incubated in dark for 20 minutes to
lyse the red blood cells. The tubes were centrifuged at 250x g
for 5 minutes at 4°C, then the supernatant was removed from
the tubes, and cells were washed with PBS (three times). PBS
(0.5 mL) was added to each tube, and the expression of cell-
adhesion molecules was determined by flow cytometry. The
specific mean fluorescence intensity for cells stained by each
antibody was reported as percentage of CD11b and CD18
expression. For each sample, 10,000 cells were analyzed.

Phagocytic assay

The neutrophils were isolated from the whole blood collected
from nonsensitized rats through the retroorbital method. The
effect of the leukocytes on phagocytic activity was deter-
mined by a commercially available kit. The assay was carried
out according to the protocol given by the manufacturer.
Briefly, 100 UL neutrophil cell suspension was incubated
with 20 uL FITC-labeled E. coli in a closed shaking water
bath at 37°C for 10 minutes. Phagocytosis was quenched by
adding ice-cold quenching solution to the mixture at the end
of the incubation period. After a final wash, the cells were
resuspended in DNA-staining solution to exclude aggregation
artifacts of bacteria or cells, and analyzed by flow cytom-
etry. The phagocytic ability was evaluated in leukocytes.
Live populations were gated by the software program in
the scatter diagram (FCS versus SSC). Phagocytic activity
was determined based on the percentage of phagocytizing
neutrophils.

Antigenic stimulus
Animals were put into six groups, with six rats in each group.
The animals in all groups were immunized with sRBCs

obtained from Innovative Research, Inc. The antigen was
prepared by washing the SRBCs three times with cold PBS.
The washed sRBCs were then resuspended in PBS prior
to immunization. SRBC immunization was performed by
injecting 5.0x10% sSRBCs/mL intraperitoneally (IP) in 200 pL,
2 weeks after each group was treated with either P. amarus
(100, 200, or 400 mg/kg PO, daily), cyclophosphamide
(100 mg/kg, PO, daily), or vehicle.

Spleen cell suspension preparation

The spleen cell suspension was used in the investigation of
the effects of P. amarus extract on lymphocyte prolifera-
tion and lymphocyte phenotyping. The spleen was asepti-
cally removed from rats that were immunized with 5.0x108
sRBCs/mL IP 2 weeks after each group was treated with
either P. amarus (100, 200, or 400 mg/kg PO, daily, based
on preliminary investigations), cyclophosphamide (100 mg/
kg PO, daily), or vehicle. The splenocyte suspension was
performed using minor modification of the method outlined
by Wang et al.’! The sacrificed animal was placed on a clean
dissection board and rinsed with 70% alcohol. The abdomi-
nal cavity was incised to remove the spleen. The tissue was
placed into a labeled conical tube containing PBS. The spleen
was then sliced into small pieces, which were then placed
onto a nylon cell strainer of the size 70 um obtained from
BD Biosciences. The excised spleen was pressed through the
strainer using the plunger at the end of a syringe. The cells
were washed through the strainer with excess PBS. The cell
suspension was then centrifuged at 300x g for 5 minutes. The
supernatant was aspirated, and the pellet was resuspended
in 2 mL prewarmed (at 37°C) Pharm Lyse lysing solution
to lyse the RBCs. The cells were lysed at room temperature
for 3 minutes at 37°C. The cells were then centrifuged at
400x g for 5 minutes. The supernatant was discarded, and
the pellet was resuspended in 1 mL RPMI-1640 complete
medium with 10% (v/v) FBS, 100,000 units/L of penicillin,
and 0.1 mg/mL of streptomycin. The viability of cells was
checked with trypan blue exclusion assay.

T and B lymphocyte proliferation assay

Assays of lymphocyte proliferation were performed using
3H-thymidine as described by Coli¢ et al.’? Briefly, the
splenocyte suspension (containing (4x10° cells/mL), in
RPMI-1640 medium with 10% (v/v) FBS, 100,000 units/L of
penicillin, and 0.1 mg/mL of streptomycin was preincubated
in 96-well plates (200 uL/well) in the presence or absence
of mitogens (ConA or LPS at concentration of 5 pg/mL and
10 pg/mL, respectively) at 37°C for 72 hours in a humid
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saturated atmosphere containing 5% CO,. After 48 hours,
the cultures were incubated with *H-thymidine (0.5 puCi/
well) for 24 hours. After the incubation period, the cells were
harvested on glass fiber filters, using a Nunc cell harvester,
and the thymidine incorporation was determined by a liquid
scintillation counter (counts per minutes [cpm]), by adding
5 mL of scintillation fluid. The results were expressed as
the stimulation index (SI), which was calculated using the
following formula:

Sl = Average cpm with stimulation
Average cpm without stimulation (medium only)

(1

T lymphocyte phenotyping by flow
cytometric analysis

The T-cell subset isolated from splenocytes in treated rats
was determined by a modified method described by Gupta
et al*® using FACScan analysis of CD4* and CD8* molecules
obtained from BD Biosciences Pharmingen (San Jose, CA,
USA). Briefly, splenocytes (1x10° cells/mL) were incubated
directly with the 10 pL FITC-conjugated anti-mouse CDS8
and PE-conjugated antibodies (which were conjugated with
different fluorochromes and directed against CD4 and CDS)
for 30 minutes after the lysis of dark RBCs by Pharm Lyse
lysing solution. Acquisition and analysis were performed
using multicolor flow cytometry using Cell Quest Pro
Software. The results were expressed in percentage of CD4*
and CD8* expression.

Measurement of Th1/Th2 cytokines

Blood was collected from rats killed by cervical dislocation,
under sterile conditions. The serum was separated from whole
blood by centrifuging it at 1,000x g and 4°C for 20 minutes.
The serum levels of IL-2, IL-4, and IFN-y were quantita-
tively determined using the 5-plex magnetic beads-based
ProcartaPlex rat immunoassay kit (eBioscience).The test was
performed, and the analysis was carried out according to the
manufacturer’s instructions. Briefly, antibody-coated mag-
netic beads were captured by adding 50 UL of beads to each
well of a 96-well plate, which was inserted into the magnetic
plate washer. Serum samples (25 uL) were mixed with cap-
tured antibody-coated magnetic beads. Subsequently, 25 uL
of assay buffer was added to each well and incubated for
2 hours on a magnetic shaker at room temperature in a dark
room. Following incubation, the beads were washed using
wash buffer, three times. After washing, 25 uL of detec-
tion antibody were mixed into each well, and the samples
were further incubated 30 minutes at room temperature

in a dark room. After incubation, the washing steps were
repeated as mentioned above. Then, 50 UL of streptavidin
PE solution was added into each well and further incubated
for 30 minutes at room temperature. After incubation, the
washing steps were repeated as mentioned above. Reading
buffer (120 uL) was added to each well, and the cytokines
concentration was determined by reading the plate on a
Luminex instrument.

Cell viability assay

The in vivo cytotoxicity of P. amarus in splenocytes
obtained from sRBC-immunized rats was determined using
MTT assay. Briefly, the isolated splenocytes were seeded
(2x10° cells/well), in triplicate, in a 96-well culture plate.
Suboptimal concentrations of the stimulants ConA (5 pg/mL)
and LPS (10 pg/mL) were added to each well separately
for enumeration of T-cells and B-cells, respectively. The
plates were incubated at 37°C in a humidified atmosphere
of 5% CO, for 72 hours. After incubation, cell viability was
determined by MTT assay, based on the method described by
Chauhan et al.** Absorbance was measured using a microplate
reader at 570 nm.

Statistical analysis

The results were subjected to statistical analysis using a one-
way analysis of variance (ANOVA) with post-Dunnett’s test
(to compare test samples with the control), using GraphPad
Prism 5 software (GraphPad Software, Inc., La Jolla, CA,
USA), and were expressed as the mean + standard error
of the mean of at least six experimental values. P<<0.001,
P<0.01, and P<0.05 were considered to be statistically
significant.

Results
HPLC analysis

The chromatograms of reversed-phase HPLC of the extract of
P. amarus showed six major compounds (gallic acid, ellagic
acid, geraniin, corilagin, phyllanthin, and hypophyllanthin).
The chromatograms of the reversed-phase HPLC column
of the 80% ethanol extracts of P. amarus (using method 1)
showed four major peaks of gallic acid, geraniin, corilagin, and
ellagic acid, corresponding to retention times at 8.187+0.0072,
23.709£0.078, 26.519+0.370, and 33.595+0.138 minutes,
respectively (Figure 1A). The HPLC chromatogram obtained
from method 2 showed sharp peaks for phyllanthin and
hypophyllanthin at the retention times of 27.235+0.095 and
28.08110.117 minutes, respectively (Figure 1B). Quantitative
determination of the major compounds by HPLC indicated
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Figure | Representative HPLC chromatograms of (A) Phyllanthus amarus for identification of phyllanthin and hypophyllanthin at RT and 27.279 and 28.051, respectively; and
of (B) P. amarus for identification and quantification of gallic acid at RT and 7.89| minutes, geraniin at RT and 23.764 minutes, corilagin at RT and 26.416 minutes, ellagic acid

at RT and 33.421 minutes, with an unidentified peak at RT (23.860 minutes).

Abbreviations: HPLC, high-performance liquid chromatography; RT, room temperature.

that ellagic acid (605.1910.23 pg/mL) was the most abundant
followed by corilagin (318.14+0.46 ug/mL), geraniin
(168.19+1.12 pg/mL), gallic acid (181.17+0.55 pug/mL),
hypophyllanthin (108.11+0.48 pug/mL), and phyllanthin
(99.49+0.078 pg/mL). The calibration curve plotted for the
standard solution of corilagin over the concentration range
of 62.5-500 pg/mL showed a correlation coefficient (72) of
0.996. The reproducibility of the results was confirmed by
the relative standard deviations (% RSDs) of the mean arca
under the peak and mean retention time, which were 1.814%
and 0.932%, respectively, for the interday assay, whereas the
% RSD values for the intra-assay precision of the peak area
and retention time were 3.68% and 1.092%, respectively.
The LOD and LOQ of corilagin were found to be 1.863 and
5.651 ng/mL, respectively. The calibration curves plotted were
linear over the concentration range of 31.25-250 pg/mL, with
r*0f0.9970 and 0.9973 for phyllanthin and hypophyllanthin,
respectively. Reproducibility of the results was demonstrated,
where the % RSD values for interday assay precision of
the peak area and retention time were 1.63% and 0.216%,
respectively, for hypophyllanthin and 8.173% and 0.136%,
respectively, for phyllanthin, whereas the % RSD values
for intra-assay precision of the peak area and retention time
were 6.172% and 0.858%, respectively, for hypophyllanthin
and 7.252% and 0.321%, respectively, for phyllanthin. The
LOD and LOQ of hypophyllanthin were found to be 2.331
and 7.0712 ng/mL, respectively, while for phyllanthin were
found to be 5.481 and 16.621 ng/mL, respectively.

Acute oral toxicity

The animals that were treated with 80% ethanol extract of
P. amarus (doses ranging from 100 to 500 mg/kg) did not
possess any abnormal behavior and mortality. This indicates
that the concentrations of the extract used were safe for this
study.

Cell viability

The study of cell viability is essential in order to assess
toxicity of the target drug being investigated. In the pres-
ent study, the ex vivo and in vivo cell cytotoxicity assays
were performed in order to investigate the toxicity effect of
P. amarus extract in immune cells isolated from treated rats.
The results obtained denotes that P. amarus did not exert
any cytotoxic effects in immune cells, and more than 90%
cell viability was recorded in rats that were treated with
P. amarus extracts at doses ranging from 100 to 400 mg/kg.

Cell migration assay

To study the effect of P. amarus on a leukocyte migration
assay, neutrophils were purified from the blood of rats that
were pretreated with or without the 80% ethanol extract of
P. amarus. fMLP induced neutrophil chemotaxis under the
control conditions, and pretreatment of the rats with extract of
P. amarus at doses ranging from 100 to 400 mg/kg revealed
that the rats administered plant extracts of different doses
had dose-dependent reduction in ex vivo neutrophil migra-
tion, as shown in Figure 2. The highest level of inhibitory
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Figure 2 Graph of the effect of Phyllanthus amarus (100, 200, and 400 mg/kg) on the
chemotaxis of neutrophils isolated from experimental animals.

Notes: Results are represented as mean + SEM, with n=6 in each group. *P<0.01;
*P<0.05. The statistical tests employed were ANOVA, followed by post-Dunnett’s
test.

Abbreviations: ANOVA, analysis of variance; Cyclo, cyclophosphamide; NSC,
nonsensitized control; PA, Phyllanthus amarus; SEM, standard error of the mean; VH,
vehicle-treated group.

activity of neutrophil migration was observed at the dose of
400 mg/kg (P<<0.01), which was comparable to that of the
immunosuppressive control drug (cyclophosphamide) used
in this study.

Measurement of Mac-| regulation by flow

cytometry

The adhesion and extravasation of neutrophils have been
shown to be mainly dependent on upregulation of Mac-1
(CD11b/CD18). The Mac-1 glycoprotein is generally stored
within specialized granules of resting neutrophils and will be
translocated to the surface of neutrophils upon activation.>
In this study, the potential effect of P. amarus on the regula-
tion of CD11b and CD18 expression (as a percentage) were
investigated. The percentage of CD11b and CD18 expression
in neutrophils isolated from extract-treated rats, which was
measured using flow cytometry, depicted that the P. amarus
treatment during 14 days with three selected doses potentially
inhibited Mac-1 expression in neutrophils compared with
control group. Significant level of inhibitory activity was
observed at higher doses (200 and 400 mg/kg). A statistical
summary of the potential effect of P. amarus on the upregula-
tion of Mac-1 is illustrated in Table 1 and Figure 3.

Phagocytic activity of neutrophils in

treated rats
Phagocytosis is a process that involves binding and engulfment
of invading pathogens by neutrophils. The administration of

Table | Evaluation of phagocytic activity (%) of neutrophils
isolated from rats that were administered extracts of Phyllanthus
amarus at different doses (100, 200, and 400 mg/kg)

Group Dose Phagocytic CDI18 (%) CDIIb (%)
(mgl/kg) activity (%)
NsC 71.15+3.52 44.19£1.09 32.91£2.01
VH 70.87+2.35 46.63x1.86 34.79%1.17
PA 100 64.36£2.27%F  30.19£1.04%  20.14+2.38**
PA 200 62.51+2.93%  255]1+2.49%  17.05£3.02%*
PA 400 59.69+2.38%F  20.17+1.83%  1551£3.01%*
Cyclo 200 47.78+3.15%F  21.13£2.82%  |8.19+2.|4**

Notes: The values are expressed as the mean + SEM, with n=6 in each group.
**P<0.01. The statistical tests employed were ANOVA, followed by post-Dunnett’s
test.

Abbreviations: ANOVA, analysis of variance; Cyclo, cyclophosphamide; NSC,
nonsensitized control; PA, Phyllanthus amarus; SEM, standard error of the mean; VH,
vehicle-treated group.

the extracts of P. amarus to rats resulted in significant
(P<<0.01) decrease in the engulfment of £. coli by the neu-
trophils isolated from extract-treated rats in comparison with
the control group (Table 1, Figure 4). The results obtained
showed that the extract produced a dose-dependent increase
in the inhibitory action of phagocytosis, while the highest
inhibitory activity (%) was observed at the dose of 400 mg/kg
and was comparable to the activity shown by the control used
in this study (cyclophosphamide).

Splenocyte proliferation

The modulatory effects of 80% ethanol extract of P. amarus
on splenic lymphocyte proliferation in response to induction
of mitogen were investigated. The results revealed that the
extracts of P. amarus potentially inhibited the activity of
ConA-induced T-cell proliferation and LPS-induced B-cell
proliferation, in dose-dependent manner. This was com-
parable with the control group, with the most and highly
significant inhibition at the dose of 400 mg/kg, as shown
in Table 2.

Lymphocyte phenotyping

The splenic lymphocytes of treated rats were characterized
based on the expression of surface markers for Th cells
(CD4%) and T suppressor cells (CD8*), using flow cytometry.
The results obtained from flow cytometry revealed that the
extracts of P. amarus at graded doses produced significant
and dose-dependent inhibition in the percentage of CD4* and
CDS8" expression as compared with the sensitized control.
However, highly significant inhibition in the percentage of
CD4 expression was produced at doses of 200 and 400 mg/kg
as compared with the sensitized control (Table 2, Figure 5).
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Figure 3 Flow cytometric evaluation of the effect of Phyllanthus amarus (100, 200, and 400 mg/kg) on CD18 and CD| Ib in neutrophils isolated from experimental animals.
Abbreviations: Cyclo, cyclophosphamide; FITC, fluorescein isothiocyanate; NSC, nonsensitized control; PA, Phyllanthus amarus; VH, vehicle-treated group.
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Figure 4 Flow cytometric evaluation of the effect of Phyllanthus amarus (100, 200, and 400 mg/kg) on phagocytosis of FITC-conjugated E. coli by neutrophils isolated from
treated rats.

Abbreviations: Cyclo, cyclophosphamide; FITC, fluorescein isothiocyanate; NSC, nonsensitized control; PA, Phyllanthus amarus; VH, vehicle-treated group; E. coli, Escherichia col.
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Table 2 CD4* and CD8* expression (%) in spleen cells, and T and B lymphocyte proliferation (SI) in rats that were administered
extracts of Phyllanthus amarus at different doses (100, 200, and 400 mg/kg)

Group Dose T-cell subset detection (%) Lymphocyte proliferation (SI)
(mglke) CcD4* cD8* T-cell B-cell
SC 50.32+1.76 23.34+3.25 2.83+1.87 1.98+2.05
VH 50.14+1.64 23.57+2.88 2.89+1.04 2.04+1.87
Cyclo 200 24.57+| 44+ 10.09+2.81%* |.18£3.1%* 0.89+3.45%*
PA 100 47.25+2.65% 22.73+4.65* 2.18+3.09* |.61+£3.52*%
PA 200 42.82+2.23** 21.47£3.09%* |.82+0.55%* 1.05£3.15%*
PA 400 38.71+2.47+* 17.69+4.56+* 0.96+0.13%* 0.74£1.07+*

Notes: The values are expressed as mean £ SEM, with n=6 in each group. **P<<0.01. *P<<0.05. The statistical tests employed were ANOVA, followed by post-Dunnett’s

test.

Abbreviations: ANOVA, analysis of variance; Cyclo, cyclophosphamide; PA, Phyllanthus amarus; SC, sensitized control; SEM, standard error of the mean; SI, stimulation

index; VH, vehicle-treated group.

The effect of P.amarus on serum level of
IL-4, IL-2, and IFN-y

Th1 and Th2 are subsets of CD4* T lymphocytes that play a
vital role in controlling immune balance in the protection of
host against pathogenic invasion. In the present study, the role
of P. amarus extracts in the differentiation of CD4 T-cells
under Th1 or Th2 polarizing conditions were investigated. PO
administration of cyclophosphamide and P. amarus at speci-
fied doses produced a significant inhibition in secretion of both
Th1 and Th2 cytokine in a dose-dependent manner, as shown

in Figure 6. The inhibition of serum IL-4 (80.97£3.58 pg/mL)
and IFN-y(28.6816.53 pg/mL) was significantly higher than
in the sensitized control group at 400 mg/kg. The production
of IL-4 enables the activation and switching of B lymphocytes
for IgE release that underlies allergic reactions. In addition,
the serum level of IL-2, which is the essential for growth of
T-cells, was significantly reduced in the extract-treated
groups, especially at the highest concentration of extract
(400 mg/kg) where it was comparable with that in the
cyclophosphamide-treated group (8.443%1.47 pg/mL).
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Figure 5 Flow cytometric evaluation of the effect of Phyllanthus amarus (100, 200, and 400 mg/kg) on CD4 and CD8 in splenocytes of experimental animals.
Abbreviations: Cyclo, cyclophosphamide; FITC, fluorescein isothiocyanate; PA, Phyllanthus amarus; SC, sensitized control; VH, vehicle-treated group.
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Figure 6 Evaluation of the effect of Phyllanthus amarus (100, 200, 400 mg/kg) on IFN-y (A), IL-2 (B), and IL-4 (C) in splenocytes of experimental rats.
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Dunnett’s test.

Abbreviations: ANOVA, analysis of variance; Cyclo, cyclophosphamide; PA, Phyllanthus amarus; SC, sensitized control; SEM, standard error of the mean;VH, vehicle-treated

group; IL-4, interleukin 4; IFN-y, interferon 7.

Discussion

The immune system is a considerably complex network
that plays a vital role protecting the host body from foreign
pathogens. The human immune system is a complex network
which requires a timely interplay of various immune cell
types and crosstalk with the specific tissue microenvironment
to maintain immune homeostasis. In this regard, the utiliza-
tion of several medicinal plants for modulation of the immune
system, as an alternative to conventional chemotherapy, in
a variety of diseases has prompted increased interest in the
field.®* The pharmacological activity of a medicinal plant
is determined by its chemical nature, composition, and the
structure of its major biomarkers. For that reason, the quanti-
tative analysis of biomarker composition in herbal medicines
is crucial for quality control and dose determination in the

evaluation of toxicological and biological activity.’® There-
fore, HPLC standardization of P. amarus was performed
prior to the evaluation of its immunomodulatory potential.
In this study, three important bioactive constituents, phyllan-
thin, hypophyllanthin, and corilagin, were used as chemical
markers for standardization. The presence of these lignans
and elagitannin in high quantity in the plants could be respon-
sible for its immunomodulatory activity, as described in our
previous studies. 4

The present study aimed to investigate the effects of the
standardized extract of P. amarus on specific and nonspecific
immunity parameters, using Wistar-Kyoto rat models. Our
previous studies revealed the inhibitory activity of the
standardized extract of P. amarus and its biomarkers on the
in vitro chemotaxis of neutrophils, phagocytosis of E. coli by
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human phagocytes, expression of CD11b/CD18 expression
in human leukocytes, and production of reactive oxygen spe-
cies by human leukocytes.*#* Analysis of the data obtained
from previous studies showed that extracts of P. amarus and
its major compounds exert direct pharmacological action on
human leukocytes through various mechanisms.*+#* Indeed,
the data obtained from the current study using the rat model
were in line with the results obtained from in vitro assays.

The effect of P. amarus extract on Mac-1 expression was
studied in ex vivo stimulated neutrophils isolated from treated
rats. The regulation of the binding of B2 integrin to the ligands
plays a pivotal role in leukocyte adhesion to the vascular
endothelium, migration of circulating leukocytes to the site
of inflammation or injured tissue, and phagocytosis of foreign
antigens. Migration of neutrophils has been shown to be mainly
regulated by CD18 (B, integrin), as elucidated by previous stud-
ies in which the accumulation of neutrophils was suppressed by
the addition of blocking monoclonal antibodies.’” Exaggerated
expression of 3, integrin CD11b/CD18 (Mac-1), a glycoprotein
on the surface of neutrophils, has also been implicated in the
development of deleterious systemic inflammatory responses
when released into the blood circulation, causing organ dam-
age.® The results obtained from the current study revealed that
neutrophils isolated from rats pretreated with extracts at high
doses (200 and 400 mg/kg) significantly impaired the percent-
age of CD11b and CD18 expression in neutrophil membrane
compared with the control group. This may have resulted
from PKC, which is critical in regulation of {3, integrin. This
data may explain the mechanism for the inhibitory activity
of P. amarus extract in neutrophil-dependent adhesion. The
inhibition of CD11b and CD18 expression could also be due
to neutrophil proton pump inhibition by P. amarus extract.
Recent study revealed that suppression of the proton pump
can directly inhibit vacuolar (v)-type ATPase, such as Caions,
which play an essential role in the chemotaxis of neutrophils.>
Thus, the reduction in ex vivo fMLP-induced chemotaxis of
neutrophils isolated from rats pretreated with the extracts
of P. amarus could be due to the potential inhibitory effect
of P. amarus on migration of neutrophils. This could be due
to the downregulation of Mac-1, as fMLP has been shown
to be involved in stimulation of neutrophils chemotaxis by a
mechanism that is mediated by Mac-1.5"%

The immunoregulatory effect of P. amarus on the phagocytic
capacity of neutrophils of treated rats was also investigated.
The neutrophil represents a multifunctional cell type in the
innate immune response, responsible for clearance of extra-
cellular bacteria via various receptor-dependent mechanisms.
The elimination of bacteria by phagocytosis induces the
release of cytoplasmic superoxide oxygen in neutrophils,

which can subsequently induce apoptosis. The results
obtained in this study showed that neutrophils obtained from
rats treated with the highest dose of P. amarus (400 mg/kg)
exhibited significantly increased inhibitory activity of phagocy-
tosis of E. coli compared with the control group, in ex vivo study.
The inhibition of . coli engulfment by neutrophils could be due
to the downregulation of CD11b and CD18 expression in neu-
trophils, as a recent study revealed that antibodies against CR3
are able to suppress the binding of microbes to phagocytes.”

The results showed that P. amarus-treated and
sRBC-sensitized rats mediated a dose-dependent inhibition of
both LPS-stimulated B-cell proliferation and ConA-stimulated
T-cell proliferation. Investigating the effect of natural products
that enhance or suppress lymphocyte inflammatory response
acts as an effective means to study immunomodulation and
drug discovery. In the present study, the lymphocytes isolated
from either treated or nontreated rats were investigated for
their cellular immunological responses, due to their critical
role in regulating mammalian innate and adaptive immune
system, and our results demonstrated that the T and B lym-
phocytes were differentially activated by the extract at varying
doses. The inhibition of lymphocyte proliferation induced by
stimuli responsible for T- and B-cell responses occurred with
varying sensitivity, indicating the inhibition of one or more
pathways common to T and B lymphocyte proliferation.

To further investigate the mechanism of standardized
extract of P. amarus as an immunosuppressive agent, the
effects of standardized extract of P. amarus on both CD4* and
CD8" spleen T lymphocyte populations in sSRBC-immunized
Wistar-Kyoto rats were analyzed by flow cytometric assay.
T-cells differentiate into two different subsets that are function-
ally and phenotypically different, according to their specific
membrane molecule. Recent and previous studies demon-
strated that both CD4* and CD8" T-cells are able to modulate
immune response through the regulation of cytokines.®

Cytokines are hormonal messengers responsible for
mediating the migration, activation, and differential prolif-
eration of the cell phenotypes of the immune system. The
Th cells are a type of T lymphocytes that help to augment
or potentiate the activity of other immune cells, by releas-
ing T-cell cytokines. Proliferating Th cells are capable of
progressing into effector T-cells, which further differentiate
into two major, functionally distinct subtypes of cells known
as Th1 and Th2 cells.®® % The balance between Th1 and Th2
release of cytokine plays a pivotal role in the determination of
direction and outcome of an immune response. Exaggerated
release of Thl cytokine may lead to chronic inflammatory
diseases, whereas an abnormal release of the Th2 type is
associated to various allergic reactions. The data obtained
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from the study revealed that the extract of P. amarus poten-
tially inhibited production of IL-2, IFN-y, and IL-4. The
inhibition of cytokines produced by Thl and Th2 cells may
be one of the mechanisms behind the downregulation of
T and B lymphocyte proliferation reported in this study, which
proves the potential inhibitory activity of P. amarus in T-cell
mediated inflammation. Inhibition of T and B lymphocytes
may have useful application in certain immune-mediated
disorders, such as autoimmune disorder and asthma.®> The
results obtained suggest that the P. amarus extract was
comparatively better than the standard immunosuppressive
drug used in this study, cyclophosphamide, in terms of toxic
effect on the body and spleen weight gain.

Conclusion

Based on the results obtained from this study, it can be con-
cluded that the standardized ethanol extract of P. amarus was
able to suppress the immune response of both specific and non-
specific immunity in Wistar-Kyoto rats through various path-
ways. The present study established that the immunosuppressive
activity of 80% ethanol extract of P. amarus in Wistar-Kyoto
rats exhibited significant inhibition of the phagocytic activity of
neutrophils by downregulation of the percentage of CD11b and
CD18 expression in neutrophils, of chemotaxis, and of phago-
cytosis of £. coli by neutrophils. In addition, the extract of plant
also affected initial and late events of lymphocyte activation,
including the release of Thl and Th2 cytokines, lymphocyte
proliferation, as well as the expression of CD4* and CD8*, in
splenic lymphocytes. Thus, as an effective immunosuppressive
agent, the extract of P. amarus may be beneficial for treatment
of immune-related disorders and may be a potential immuno-
therapeutic agent as a substitute for conventional therapeutic
agents, which possess toxic effects. However, further molecular
based studies are required to elucidate the specific mechanisms
behind the immunomodulatory activity of P. amarus.
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