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Abstract: Phyllanthus species (Family Euphorbiaceae) has been used in traditional medicine of
several countries as a cure for numerous diseases, including jaundice and hepatitis. This study
is an attempt to evaluate the immunomodulatory activity of various fractions, column eluents of
ethyl acetate fraction, and their polyphenols. Phyllanthus maderaspatensis were standardized using
high-performance liquid chromatography to identify and quantify polyphenols, and purification
of polyphenols was carried out using vacuum liquid chromatography. Subsequently, we tested
various fractions, column eluents of ethyl acetate fraction, and polyphenols in vitro to assess their
impact on nitric oxide (NO) production in LPS-stimulated mouse macrophage RAW 264.7 cells. The
ethyl acetate fraction (100 µg mL−1) had a more significant stimulatory effect on LPS-stimulated NO
production by the RAW 264.7 cells. We found that the ethyl acetate fraction contains a high amount of
catechin, quercetin, ellagic acid kaempferol, and rutin, which are responsible for immunomodulation.
The ethyl acetate fraction at concentrations of 25 and 50 µg mL−1 had a significant inhibitory effect
and 100 µg mL−1 had a more significant stimulatory effect when compared with the LPS control.
The percentage of inhibition by LPS control ranged from zero percentage, kaempferol ranged from
45.4% at 50 µg mL−1 to 41.88% at 100 µg mL−1, catechin ranged from 50% at 50 µg mL−1 to 35.28%
at 100 µg mL−1, rutin ranged from 36.2% at 50 µg mL−1 to 47.44% at 100 µg mL−1, gallic acid ranged
from 28.4% at 50 µg mL−1 to 50.9% at 100 µg mL−1, ellagic acid ranged from 45.12% at 50 µg mL−1

to 38.64% at 100 µg mL−1, and purified quercetin ranged from 26.2% at 50 µg mL−1to 45.48% at
100 µg mL−1. As NO plays an important role in the immune function, polyphenols’ treatment could
modulate several aspects of host defense mechanisms owing to the stimulation of the inducible nitric
oxide synthase.

Keywords: extraction; fractionation; active principles; Phyllanthus maderaspatensis; polyphenols;
vacuum liquid chromatography; HPTLC; LPS; immunomodulation

1. Introduction

Phyllanthus maderaspatensis, belonging to the genus Phyllanthus (Euphorbiaceae), is
widely distributed in Sri Lanka, South Africa, China, and southern India. In India, the
whole plant is used against kidney and urinary tract infections, digestive disorders, hepati-
tis, and diabetes. In Tanzania, the whole plant is used as a topical application for scabies.
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A root decoction has been indicated to cure constipation, gastrointestinal disorders, men-
strual problems, intestinal pain and diarrhea, lack of appetite, testicular swelling, chest
complaints, and snakebites. Leaves are mixed with lemon juice and applied to the skin for
the treatment of rheumatics. The plant is used for a variety of ailments including smallpox,
syphilis, asthma, and bleeding gums, as well as in various biological activities such as
chronic hepatitis B infection [1], antihepatotoxic and choleretic activities [2], adulticidal and
larvicidal efficacy [3], antidiabetic activity [4], hepatoprotective and antioxidant activity [5],
anti-Epstein–Barr virus [6], antiretroviral reverse transcriptase [7], and antiherpes simplex
virus type 1 and type [8]. Compounds with immunomodulatory activities like flavonoids,
fatty acids, triterpenes, and polysaccharides are found in many plants [9]. Phyllanthus
genus was found to be rich in polyphenols, lignans, flavonoids, triterpenes, hydrolysable
tannins, sterol, and alkaloids [10]. Nowadays, HPTLC is used instead of HPLC owing to
the easiness, specificity, speed, and low cost [11].

Chronic inflammation has been concerned with various steps involved in tumorigene-
sis, including metastasis, cellular transformation, promotion, survival, invasion prolifera-
tion, and angiogenesis. Only a minority of all tumors are caused by germline mutation,
whereas approximately 90% are linked to environmental and somatic mutation factors.
Many environmental causes of tumors and risk factors are associated with some form
of chronic inflammation [12]. Throughout, chronic inflammation acts as an associate ac-
commodative multitude resistance against illness or injury and is primarily a self-limiting
methodology; inadequate resolution of inflammatory responses typically ends up in nu-
merous chronic ailments such as AIDS and cancer [13,14]. At the time of infection, the
immune system goes under the attack of a large number of viruses, bacteria, and fungi [15].
The immune system is a part of the body that detects the pathogen using a specific re-
ceptor to produce an immediate response by the activation of immune components’ cells,
chemokines, and cytokines, as well as release inflammatory mediators [16,17]. The im-
mune system can be manipulated by the use of immunomodulators in disease conditions
by achieving immunostimulation (as in the treatment of coronavirus, cancer, and AIDS)
or immunosuppression (suppression of normal or excessive immune function (e.g., the
treatment of graft rejection or autoimmune disease)) [18,19]. Nitric oxide (NO) is a highly
reactive and diffusible gas molecule that exerts many biological effects, which include
iron homeostasis, smooth muscle relaxation, platelet reactivity, neurotransmission, and
cytotoxic defense mechanism against pathogens [20]. NO is also involved in the pathogen-
esis of many human pathological conditions such as inflammatory disease, cancer, and
neurodegenerative disorders [21]. Nitric oxide acts through the stimulation of the soluble
guanyl cyclase; is expressed in the cytoplasm of almost all mammalian cells; and mediates
a wide range of important physiological functions such as immunomodulation, inhibition
of platelet aggregation, vasodilation, and neuronal signal transduction. Nitric oxide is
also generated by phagocytes (neutrophils, monocyte, and macrophages) as part of the
human immune response [22]. Phagocytes are formed with inducible nitric oxide synthase
(iNOS), which is activated by interferon-gamma (IFN-γ) as a single signal or by tumor
necrosis factor (TNF) along with a second signal. In this way, the immune system may
regulate the armamentarium of phagocytes that play a role in inflammation and immune
responses [23]. Lipopolysaccharide (LPS) is widely reported as a major inducer for the
production of inflammatory cytokines, which in turn stimulate iNOS induction during the
inflammatory process in RAW 264.7 cells macrophages [24]. These cytokines can be formed
from macrophages in response to bacterial LPS, inflammatory stimulation, and infection.
They also play an important role in the immune system by aiding cytostatic and cytotoxic
effects on malignant or infected cells [25].

2. Materials and Methods
2.1. Reagents and Apparatus

We purchased reference standards for quercetin rutin, ellagic acid, catechin, and
kaempferol from Natural Remedies Pvt. Ltd. (Bangalore, India). All chemicals used were
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of analytical grade, including mouse macrophage RAW 264.7 cells (National Centre for
Cell Science (NCCS), Pune, India, Dulbecco’s modified Eagle’s medium (DMEM), fetal
bovine serum (FBS) and MTT assay kit, trypsin EDTA, penicillin and streptomycin and
DMSO (Sigma-Aldrich Co. LLC, St. Louis, MO, USA), Trypan blue solution, galactosamine,
and absolute ethanol (Himedia Lab Pvt. Ltd., Mumbai, India). Tissue culture flasks, 96-
and 24-well micro-culture plates, Eppendorf tube, inverted microscope, serological pipette,
heamocytometer (Himedia Lab Pvt. Ltd., Mumbai, India), laminar flow hoods (Khera
instrument, New Delhi, India), CO2 incubator (NuAire, Plymouth, MA, USA), water bath,
deep freezer (−20 ◦C) were used.

2.2. Collection of Plant Material

The fresh whole plant was collected from the Kanyakumari district of Tamil Nadu
state in India. Dr. R.P Pandey, Plant taxonomist of Tropical Botanical Garden and Research
Institute (TBGRI), Trivandrum, India, identified and authenticated the specimen. A voucher
specimen was placed at the herbarium of TBGRI (TBGRI 65616 dated 24 December 2010)
for future reference.

2.3. Extraction of Plant Materials
2.3.1. Preparation of Aqueous Ethanolic Extract

We extracted dried powdered plant material using aqueous ethanolic solvent (50%, for
6 h at 37 ◦C), then pooled the hydroalcoholic extract, and it dried under reduced pressure
at 40 ◦C with a rotator evaporator. For hydroalcoholic extracts, the percentage yields of the
crude extracts were 15.58% w/w.

2.3.2. Standardization of Polyphenols in P. maderaspatensis by HPTLC

Standard solutions of ellagic acid, gallic acid, catechin, quercetin, rutin, and kaempferol
were applied in triplicate on silica gel 60 F254 plates, using a CAMMAG Linomat-5 Au-
tomatic Sample Spotter. The plates were developed in a solvent system, toluene/ethyl
acetate/formic acid/methanol (3:3:0.8:0.2 v/v) in a CAMAG glass twin trough chamber
(20 × 10 cm) up to a distance of 8 cm, dried in the air, and scanned at 254 nm. The devel-
oped plates were dried in the air and scanned at 254 nm using CAMAG TLC scanner 3 and
win CATS 4 software. The peak areas were recorded. Calibration curves of ellagic acid,
gallic acid, catechin, quercetin, rutin, and kaempferol were obtained by plotting peak areas
versus applied crude extracts, and the concentration of ellagic acid, gallic acid, catechin,
quercetin rutin, and kaempferol was calculated, respectively.

2.3.3. Estimation of Different Markers

Each sample solution (10 µL) was applied in triplicate on silica gel 60 F254 plates with
CAMAG Linomat-5 Automatic Sample Spotter and the peak areas and absorption spectra
were recorded. We calculated the number of bioactive compounds in P. maderaspatensis
using the peak areas and the absorption spectra were recorded. The number of bioactive
compounds in P. maderaspatensis was calculated using the respective standard calibration
curves of ellagic acid, gallic acid, catechin, quercetin, rutin, and kaempferol.

2.3.4. Fractionation of Potent Aqueous Ethanolic (50% v/v) Extracts of P. maderaspatensis

The aqueous ethanolic extract of P. maderaspatensis was dissolved in 10% distilled
water and was successively fractionated thrice with hexane (3 × 600 mL), chloroform
(3 × 600 mL), ethyl acetate (3 × 500 mL), and water-soluble fractions. The combined
fractions of P. maderaspatensis were evaporated to dryness under reduced pressure at 40 ◦C
in a rotary evaporator.

2.3.5. Nitric Oxide Estimation of Various Fractions of P. maderaspatensis

Nitric oxide was measured as nitrite released from mouse macrophage cells, RAW
264.7. Cells were suspended in DMEM (Sigma) supplemented with 10% FCS, seeded in a
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96-well culture dish at a density of 1 × 106 cells/well, and incubated for 48 h at 37 ◦C in an
atmospheric of 5% CO2 and 95% humidity. After incubation, 100 µL of the medium was
transferred from the surface of the cultures of each well and replenished with the same
amount of fresh medium. Further incubation for 24 h was done with concentrations of 25,
50, and 100 µg mL−1 of alcoholic and aqueous-alcoholic (50% v/v) extracts/metabolites
(100 and 200 µg mL−1) of P. maderaspatensis in the presence or absence of the indicated
amount of LPS (10 µg mL−1). Nitric oxide production was estimated in terms of the amount
of nitrite. After incubation, 100 µL from the surface of the cultures was transferred into a
new plate and the equivalent amount of Griess reagent was added (1% sulfanilamide in 5%
phosphoric acid, 0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride in 5% phosphoric
acid). This plate was incubated for 10 min at room temperature and measured by an ELISA
reader at 570nm. NO concentration was determined using a standard curve plotted using a
known quantity of sodium nitrite. The outcome is obtainable in µM concentration obtained
from the mean OD of triplicate wells of each group.

The percentage of NO inhibition/stimulation by the extracts was calculated as follows:

% inhibition = 100 × [([NO2
−] control − [NO2

−] sample)/[NO2
−] control

2.3.6. Isolation and Purification of Potent Fractions by Vacuum Liquid Chromatography

The air-dried whole plant of P. maderaspatensis was coarsely powdered, defatted with
extraction procedure thrice. Using a rotary evaporator, the aqueous ethanolic extracts were
pooled and dried at 40 ◦C under reduced pressure. The crude extracts of P. maderaspatensis
were successively fractionated thrice with chloroform, ethyl acetate, and water. Ethyl
acetate fraction was found to have significant immunomodulatory and hepatoprotective
activity compared with other fractions. Hence, this fraction was subjected to vacuum liquid
chromatography to separate various components present in the fraction. An amount of
16 gm of ethyl acetate fraction was mixed with a small amount of Silica gel G (Merck) to
form a dry slurry, which was then loaded onto a sintered glass funnel filled with silica
gel gas stationary phase. The column was eluted stepwise under vacuum with solvents
of accelerating polarity, starting from pure toluene, and ethyl acetate mixture, to pure
ethyl acetate. To elaborate, after initially eluting with 5% ethyl acetate in toluene, the ethyl
acetate portion was increased by 5% increments up to 50% and then in 10% increments
up to 100% ethyl acetate with a concomitant decrease in the toluene levels. After elution
with ethyl acetate, elution with 5% methanol in ethyl acetate, the methanol portion was
increased by 5% increments up to 100% methanol. The solvents were eluted until they
ran clear of the funnel. The flow rate of solvent was monitored constantly (100 mL/min)
throughout the experiment. Various fractions were collected individually and monitored
by TLC to match homogeneity. Similar fractions having the same Rf values were combined
and crystallized.

2.3.7. Statistical Analysis

Statistical analysis was performed using Dunnett’s multiple comparison tests and
one-way analysis of variance (ANOVA) using Graphpad prism 5.0 (Graphpad Software,
Inc., San Diego, CA, USA). The level of significance was set at p < 0.05.

2.3.8. Maintenance of Cell Lines

HepG2 cell lines were grown in 25 cm2 tissue culture flasks containing minimum
essential medium (MEM) supplemented with 10% FBS and 1% penicillin/streptomycin at
37 ◦C in a CO2 incubator in an atmosphere of humidified 5% CO2 and 95% air. The cells
were maintained by routine sub-culturing in 25 cm2 tissue culture flasks.

2.3.9. Method for Passaging the Cells

All the reagents were brought to room temperature before use. Media was removed
from the 80–90% confluent flasks by a 10 mL serological pipette. Cells in the T-75 flask were
washed with 10 mL of PBS. Two milliliters of 0.1% trypsin EDTA was added to the flask.
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The flask was kept at 37 ◦C in the CO2 incubator for 2–3 min and was observed under a
microscope for detachment. Six milliliters of growth medium were added to the flask for
inhibition of trypsin action and re-suspended properly by pipetting. The cell suspension
was collected in a 15 mL falcon tube and then centrifuged at 1200 rpm for 3 min. The
supernatant was discarded and the pellet was resuspended in 3 mL of complete medium.
Cells were counted, and then 0.2–0.4 million cells were kept in a T-25 flask for growing.
The flasks were incubated in a CO2 incubator at 37 ◦C and the cells were periodically
monitored for any morphological changes and contamination. After the formation of an
80–90% confluent monolayer, the cells were further utilized.

2.3.10. Calibration Curves for Standard Markers

Standard solutions of kaempferol, rutin, ellagic acid, catechin, and quercetin were ap-
plied in triplicate on silica gel 60 F254 plates, using a CAMMAG Linomat-5 Automatic Sam-
ple Spotter. The plates were developed in a solvent system, toluene/ethyl acetate/formic
acid/methanol (3:3:0.8:0.2 v/v) in a CAMAG glass twin trough chamber (20 × 10 cm) up
to a space of 8 cm. Further, the developed plates were dried and scanned at 254 nm using
CAMAG TLC scanner 3 and win CATS 4 software. The peak areas were recorded. The
quantification of polyphenols was carried out based on peak area with a linear calibration
curve at concentration ranges of 40–200, 100–1600, 20–200, 200–1400, and 10–160 ng/band
of kaempferol, rutin, ellagic acid, catechin, and quercetin, respectively. Calibration curves
of polyphenols were obtained by plotting peak areas versus applied crude extracts, and
the concentrations of kaempferol, rutin, ellagic acid, catechin, and quercetin were calcu-
lated, respectively.

3. Results
3.1. Percentage Yield of the Different Crude Extracts of P. maderaspatensis

We found that the yield of aqueous extract, crude ethanolic extract, and aqueous
ethanolic extract was 13.7 ± 1.9% w/w, 15.18 ± 0.19% w/w, and 15.58 ± 0.45% w/w,
respectively.

3.2. HPTLC Fingerprint Profile of Aqueous Ethanolic Extracts of P. maderaspatensis
Development of Optimum Mobile Phase

Chromatographic separation studies were carried out on the working standard so-
lution of polyphenols’ compounds (1 mg mL−1) in methanol. Initially, various trials
were carried out with different solvent systems. Finally, toluene/ethyl acetate/formic
acid/methanol (3:3:0.8:0.2) was used for simultaneous determination of ellagic acid, gallic
acid, catechin, rutin, kaempferol, and quercetin, showing a sharp and well-defined peak. At
room temperature, we obtained well-defined bands upon saturating the chamber with the
mobile phase for 30 min. The standard band of ellagic acid, gallic acid, catechin, quercetin,
rutin, and kaempferol, along with ethanolic, aqueous ethanolic, and aqueous extracts of
P. maderaspatensis separated on HPTLC plate, were scanned at 254 nm (Figure 1).

3.3. Fractionation of Aqueous Ethanolic Extract of P. maderaspatensis

Fractionation of the most potent aqueous ethanolic extract into hexane soluble, ethyl
acetate sediment, ethyl acetate soluble, chloroform sediment, chloroform soluble, methanol,
and water-soluble fractions was carried out. These fractions were studied for their TLC
pattern using the above-mentioned solvent systems. The data regarding the number of
spots and their resolution are given in Table 1.

The solvent system no.7 indicated the best separation of polyphenols in the ethyl
acetate fraction. Except for the ethyl acetate fraction, none of the other fractions indicated
the presence of selected polyphenols. Other fractions were discarded. The ethyl acetate
fraction was selected for vacuum liquid chromatography.
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Figure 1. Simultaneous HPTLC profile of hydroethanolic extracts of P. maderaspatensis with different
markers in the solvent system: toluene/ethyl acetate/formic acid/methanol (3:3:0.08:0.02) (v/v) at
254 nm.

Table 1. TLC analysis of ethyl acetate fraction using different solvent systems and visualising agents.

Sl. No. Solvent System Visualizing Agents Inference

01 Hexane/ethyl acetate (7:3) Anisaldehyde sulphuric acid Poor separation
02 Ethyl acetate/chloroform (40:60) Anisaldehyde sulphuric acid Poor separation
03 Ethyl acetate/methanol/water (100:13.5:10) Anisaldehyde sulphuric acid Poor separation

04 Ethyl acetate/formic acid/acetic acid/water
(100:11:11:27) Anisaldehyde sulphuric acid Tailing

05 n-propanol/ethyl acetate/water (40:40:30) Anisaldehyde sulphuric acid Tailing
06 Toluene/ethyl acetate/formic acid (5:4:1) NP reagents Good separation

07 Toluene/ethyl acetate/formic acid/methanol
(3:3:0.8:0.02) NP reagents Best separation

3.4. Stimulation of Inducible NO Synthesis by the Different Fractions of P. maderaspatensis

Ethyl acetate, chloroform, hexane, and water-soluble fractions, along with sediment
of chloroform and ethyl acetate, were then screened at different concentrations (25, 50, and
100 µg mL−1) for invitro immunomodulatory activity using the nitric oxide assay method.
Hexane, chloroform, and sediment between chloroform and water-soluble fractions had
no significant effect on LPS-stimulated NO production by the RAW 264.7 cells, while
chloroform sediment (25 µg mL−1) and ethyl acetate fraction at concentrations of 25
and 50 µg mL−1 had a significant inhibitory effect on LPS-stimulated NO production
when compared with LPS control. The ethyl acetate fraction and chloroform fraction
(100 µg mL−1) had a more significant stimulatory effect on LPS-stimulated NO production
by the RAW 264.7 cells, as represented in Table 2 and Figure 2.

Table 2. Effect of P. maderaspatensis fractions on NO production in LPS-stimulated RAW 264.7cells.

Dose Control LPS Hexane Chloroform Chloroform
Std. Ethyl Acetate Std b/w chl3:

aq.

- 1.3 ± 0.6 25.77 ± 1.4
LPS + 25 µg mL−1 - - 25.9 ± 0.6 27.03 ± 1.4 15.96 ± 2.5 10.97 ± 2.1 22.99 ± 2.6
LPS + 50 µg mL−1 - - 25.56 ± 1.4 25.43 ± 1.3 33.45 ± 2.34 15.76 ± 2.9 26.62 ± 1.9

LPS + 100 µg mL−1 - - 25.19 ± 1.6 23.33 ± 2.0 35.92 ± 1.6 37.17 ± 1.3 29.25 ± 1.74
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3.5. Vacuum Liquid Chromatography and Selected Activity of Column Eluents of Ethyl
Acetate Fraction

Fourteen column eluents were obtained from the column chromatography of the ethyl
acetate fraction of P. maderaspatensis. These column eluents were subjected to the HPTLC
profile. Different components present in the eluents were identified by spraying with NP
reagent and subsequently matching the Rf value with the standards (1–6). The detailed
HPTLC profile of each fraction is represented in Table 3.

The standards (1–6) were identified as follows: ellagic acid (Rf value: 0.55) standard
was matched with track no. 19 (100% ethyl acetate elutes), eupalitin(Rf value: 0.23) standard
was not matched with any track, kaempferol (Rf value: 0.81) standard was matched with
track no. 8 (25% ethyl acetate in toluene elutes), rutin (Rf value: 0.08) standard was matched
with track no. 13 (50% ethyl acetate in toluene 3rd elutes), epicatechin (Rf value: 0.50)
standard was matched with track no. 28 (75% ethyl acetate in toluene elutes), epicatechin
(Rf value: 0.50) standard was matched with track no. 15 (75% ethyl acetate in toluene
elutes), and catechin (Rf value: 0.54) standard was matched with track no. 15 (75% ethyl
acetate in toluene elutes).

3.6. Effect of Column Eluents of Ethyl Acetate Fraction on LPS-Stimulated NO Production in
RAW 264.7 Cells

The effect of nine column eluents of ethyl acetate fractions on NO production was
determined by treating the RAW cell of LPS stimulation/inhibition by pre-incubating
the cells with or without the elutes. LPS significantly increased NO production in RAW
264.7 cells. The levels of NO production induced by LPS-stimulated were significant
(** p < 0.01) in a dose-dependent manner when treated with concentrations of 25 and
50 µg mL−1 of each elute and significantly stimulated by column eluents of ethyl acetate
fractions.NO production was 25 and 50 µg mL−1 of column eluents of ethyl acetate fractions
of P. maderaspatensis compared with LPS treatment alone. In this study, a comparison of
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column elutes of ethyl acetate fractions was carried out in mouse monocyte cell lines RAW
264.7 cells, as shown in Figure 3.

Table 3. HPTLC analyses of column eluent of ethyl acetate fractions of P. maderaspatensis using VLC.

Tracks Solvent
Combination Rf Values Tracks Solvent

Combination Rf Values

01 Ellagic acid 0.55 11 Toluene + 50% ethyl
acetate-1 0.48, 0.48, 0.52, 0.72, 0.78

02 eupalitin 0.23 12 Toluene + 50% ethyl
acetate-2 0.27, 0.48

03 Rutin 0.08 13 Toluene + 50% ethyl
acetate-3

0.08, 0.12, 0.18, 0.26,
0.36, 0.42, 0.51, 0.60, 0.67

04 Kaempferol 0.81 14 Toluene + 50% ethyl
acetate-4 0.08, 0.16, 0.26, 0.56, 0.62, 0.70, 0.87

05 Epicatechin 0.50 15 Toluene + 75% ethyl
acetate-1 0.17, 0.27, 0.34, 0.50, 0.54, 0.75

06 Catechin 0.54 16 Toluene + 75% ethyl
acetate-2 0.17, 0.27, 0.35, 0.46, 0.54

07 Toluene + 25% ethyl
acetate-1 0.76, 0.81 17 Toluene + 75% ethyl

acetate-3 0.17, 0.27, 0.35, 0.46, 0.55, 0.68, 0.75

08 Toluene + 25% ethyl
acetate-2

0.25, 0.34, 0.48, 0.59,
0.64, 0.7, 0.81, 0.90 18 Toluene + 75% ethyl

acetate-4 0.05, 0.17, 0.27, 0.35, 0.46, 0.55

09 Toluene + 25% ethyl
acetate-3 0.58, 0.68, 0.72 19 100% ethyl acetate 0.08, 0.55

10 Toluene + 25% ethyl
acetate-4 0.48 20 50% ethyl acetate

remain 0.25, 0.08
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for 2 h, and then incubated with LPS (10 µg/mL) for 20 h. ## LPS treated. Untreated is the negative control without LPS
treatments. Values are expressed as mean ±SEM. ns: non-significant, n = 3, data ± S.E.M. Groups 3–7 were compared
against group II using Dunnett’s post-hoc test (* significant at < 0.01; ** significant at < 0.001).

3.7. Stimulation of Inducible NO Synthesis by Compounds

The significant suppressive effect by concentration at 50 µg mL−1 and 100 µg mL−1

of rutin, kaempferol, gallic acid, and ursolic acid; the minimum concentration of ellagic
acid (50 µg mL−1); and the more significant stimulatory effect of oleanolic acid, ellagic acid,
and quercetin in LPS stimulated NO production by the RAW 264.7 cells were observed
(Figure 4).
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The compounds indicated significant invitro immunomodulation: ellagic acid > quercetin
> oleanolic acid and immunosuppressive effect: kaempferol > catechin > rutin > gallic acid
> ellagic acid (50 µg mL−1), when compared with LPS.
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plates were first incubated with and without indicated concentrations of polyphenols for 2 h and then incubated with LPS
(10 µg mL−1) for 20 h. ## LPS treated. Untreated is the negative control without LPS treatments. Values are expressed
as mean ± SEM. ns: non-significant, n = 3, data ± S.E.M. Groups 3–7 were compared against group II using Dunnett’s
post-hoc test (* significant at < 0.01; ** significant at < 0.001).

4. Discussion

A single solvent system (toluene/ethyl acetate/formic acid/methanol (3:3:0.8:0.2 v/v)
was developed for densitometric quantification of polyphenols by HPTLC in aqueous-
alcoholic extracts with reference to respective marker compounds such asrutin, kaempferol,
quercetin, catechin, ellagic acid, gallic acid, and quercetin present in P. maderaspatensis.
Ethyl acetate supernatant fractions showed significant immunomodulatory activity com-
pared with other fractions, and we subsequently separated ethyl acetate fraction by vacuum
liquid chromatography. Using ethyl acetate fraction in P. maderaspatensis, we performed
isolation, purification, and characterization of rutin, kaempferol, ellagic acid, gallic acid,
and catechin. Ellagic acid showed more significant immunomodulatory activity, while
quercetin exhibited significant immunomodulation when compared with the crude. Specif-
ically, ethyl acetate (100%) column eluents indicated that ellagic acid exhibited significant
immunomodulation, followed by 15% methanol elutes, followed by chloroform second
sediment fraction (oleanolic acid and ursolic acid), followed by 75% ethyl acetate(catechin,
epicatechin) and 50% ethyl acetate elutes showed highly significant suppression (rutin,
gallic acid), followed by 25% ethyl acetate (kaempferol and quercetin) and 75% methanol
indicated non-significant active fraction, followed by 75% ethyl acetate second elutes and
chloroform first fraction when compared with LPS.

Synthetic agents, natural adjuvant, and antibody reagents are used as immunosup-
pressive and immunostimulants. However, there is a major limitation to the general use
of these agents, that is, the increased risk of infection and generalized effect throughout
the immune system [26]. Many therapeutic effects of plant extracts have been claimed to
be thanks to their influence on the immune system of the human body [27]. Many herbal
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preparations such as Panax ginseng, Picrorhiza scrophulariiflora, Centella asiatica, Tinospora
cordifolia, Phyllanthus debilis, Trigonella foenum graecum, and Pouteria cambodiana have been
shown to alter the immune function and report a wide array of immunomodulatory ef-
fects [28–34]. Most research concerning the immunomodulatory activities of the plant
has been carried out using crude extracts [35,36]. In some, combinations of various herbs
or herbs in combination with minerals have been used, taking into consideration Unani,
Ayurvedic, or Chinese traditional formulation. Although it may be rational to use a single
plant or its single constituents, it has been a general experience that the single constituent
shows more efficacy compared with the total plant extract. Phyllanthus genus was found to
be rich in polyphenols, lignins, flavonoids, triterpenes, hydrolysable tannins, sterol, and
alkaloids [37].

5. Conclusions

We evaluated the immunomodulatory activity of various fractions, column eluents of
ethyl acetate fraction, and their polyphenols present in P. maderaspatensis obtained from
the Maruthmallai region of Kanyakumari district, Tamilnadu, India. Rutin, gallic acid,
kaempferol, and catechin, each 200 µg mL−1, as well as ellagic acid (100 µg mL−1), showed
a significant immunosuppressive effect owing to the inhibition of NO production compared
with the LPS-stimulated RAW 264.7 cells group, and the most significant immunostimula-
tory effect was produced by ellagic acid and quercetin, each 200 µg mL−1, when compared
with the LPS control group.
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