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ORIGINAL ARTICLE
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anti-inflammatory constituent from Delonix elata flowers using
RAW 264.7 cells
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R. Rajendran6, P. Vijayaraghavan6, M. Gabriel Paulraj1,2,3, and S. Ignacimuthu1,2,3
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Abstract

Context: Delonix elata (L.) Gamble (Fabaceae) has been used in the Indian traditional medicine
system to treat rheumatism and inflammation.
Aim: To assess the anti-inflammatory effect of Delonix elata flowers and to isolate the active
principle.
Materials and methods: The prompt anti-inflammatory constituent was isolated from Delonix
elata flower extracts using bioassay guided fractionation in liposaccharide (LPS) stimulated
RAW 264.7 macrophage cell line. The anti-inflammatory activity of extracts/fractions/sub-
fractions/compounds (10, 25, and 50mg/ml) was evaluated by estimating the levels of nitric
oxide (NO), TNF-a, and IL-1b after 24 h of LPS induction (1 mg/ml). The isolated active compound
was subjected to NMR, IR, and UV analyses for structure determination.
Results: In an attempt to search for anti-inflammatory constituents, the active pure principle was
isolated and crystallized as a white compound from Delonix elata flowers methanol extract.
This active compound (50mg/ml) decreased the release of inflammatory mediators levels
such as NO (0.263 ± 0.03 mM), TNFa (160.20 ± 17.57 pg/ml), and IL-1b (285.79 ± 15.16 pg/ml)
significantly (p50.05); when compared to the levels of NO (0.774 ± 0.08 mM), TNFa
(501.71 ± 25.14 pg/ml), and IL-1b (712.68 ± 52.25 pg/ml) from LPS-stimulated macrophage
cells. The active compound was confirmed as hesperidin with NMR, IR, and UV spectroscopy
data. This is the first report of this compound from Delonix elata flowers.
Conclusion: The findings of the study support the traditional use of Delonix elata flowers to treat
inflammation.
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Introduction

The immune system plays a defense role in our body through

adaptive immune response (highly specific) and innate

immune response (non-specific) against foreign agents. But

the undesired immune response causes inflammation/tissue

injury. Inflammation is an essential aspect of host response to

infection and injury. But excessive or aberrant inflammation

proceeds to a chronic state, associated with undecorated

human diseases (Serhan & Savill, 2005).

Macrophages and neutrophils are the primary phagocytic

cells of the innate immune system among several types of

immune cells. Macrophages are potent secretory cells that

release a variety of inflammatory mediators, including

pro-inflammatory and cytotoxic cytokines, chemokines, pro-

teolytic enzymes, and reactive oxygen/nitrogen species, all of

which have been implicated in the pathogenesis of tissue

injury (Jung et al., 2010). Mainly, it secretes nitric oxide

(NO), TNF-a, IL-1b, and IL-6, which in turn participate in

the mediation of acute phase responses to injury (Jung et al.,

2010). TNF-a itself can stimulate several functional cells to

produce other pro-inflammatory mediators including NO,

IL-1, and IL-6 (Chandel et al., 2000). IL-1b is able to activate

macrophages to induce the production of cytokines, reactive

oxygen intermediates, and prostaglandin. NO plays a pivotal

role on cell survival and death, and shows various pro-

inflammatory effects on many cell types (Garcia & Stein,

2006). Clinically, non-steroidal anti-inflammatory drugs are

available to control inflammatory diseases, but these drugs

show side effects that led us to screen for a lead compound/

molecule from natural products without any side effects.

Delonix elata (L.) Gamble (Fabaceae) is a medium-sized

tree found in East Africa, Southern Arabia, and to western

India. This tree is a traditional medicinal plant that is rich in

Correspondence: Dr. S. Ignacimuthu, Director, Division of
Ethnopharmacology, Entomology Research Institute, Loyola College,
Chennai 600 034, Tamil Nadu, India. Tel: +91 44 2817 8348.
Fax: +91 44 2817 5566. E-mail: entolc@hotmail.com



polyphenols (Hegazi, 2011); leaves and flowers of this tree are

bipinnate and yellowish-white in color, respectively. This plant

has been recommended by the traditional healers of South

India (Mutheeswaran et al., 2011) and also in other regions for

the treatment of rheumatic pain and inflammation (Ahluwalia,

1968; Deshmukh et al., 1999; Hegazi, 2011; Kapoor & Kapoor,

1980; Rao et al., 1997; Samvatsar & Diwanji, 1999). Mainly

the flowers and leaves (Sethuraman & Sulochana, 1986) of this

plant are used for the treatment of rheumatic pain and

inflammation. The whole plant extract (excluding root)

showed antibacterial, antifungal, antiviral, anticancer (Atal

et al., 1978), and insecticidal activity (Bhakuni et al., 1969).

Preliminary studies have shown the anti-inflammatory effect of

this plant (Pradeepa et al., 2012; Sethuraman & Sulochana,

1986). Despite these reports, no studies have been made to

identify the active constituents present in this plant.

The present study was designed to evaluate the traditional

claim of Delonix elata flowers and aimed at bioassay-guided

isolation of an anti-inflammatory compound from this plant.

Materials and methods

Collection of plant materials

The flowers of Delonix elata were collected during the

months of January–March 2012 from Arakkonam, Vellore

District, Tamil Nadu, India, and authenticated by Dr. P.

Pandikumar, taxonomist, Entomology Research Institute,

Loyola College, Chennai. The voucher specimens (ERI-

ICMR-ART-01) were deposited at the herbarium of

Entomology Research Institute, Loyola College, Chennai,

for future use.

Extraction

The Delonix elata flowers, shade-dried, coarsely powdered,

was used for extraction. Dry powder of flowers (2 kg) were

taken in an aspirator bottle separately and soaked with

methanol (6 l) for extraction. This mixture was shaken

occasionally for 48 h at 30 �C. Then the extract was filtered

before drying using Whatmann filter paper No. 2 on a Buchner

funnel and the solvent was removed by vacuum distillation in a

rotary evaporator at 40 �C. This procedure was repeated three-

times and all the obtained extracts were combined and placed

in glass bottles and refrigerated until use.

Fractionation of flower methanol extract

The flower methanol extract (50 g) was mixed in water and

partitioned successively in toluene, diethylether, and ethyl

acetate (150 ml � 3 times). The yield of the fractions was

toluene soluble (5 g), diethylether (4 g), ethyl acetate (7.5 g),

and methanol (15 g). The collected fractions were bioassayed

in liposaccharide (LPS) stimulated RAW 264.7 macrophage

cell line by estimating the levels of NO, TNF-a, and IL-1b.

The active diethylether soluble fractions were then taken for

further fractionations. The diethylether soluble part (3 g) was

packed in a silica gel column (Qualigens, 60–120 mesh,

100 g) with hexane and eluted with 100% hexane, 100%

benzene, 100% chloroform, and then with the mixture of

chloroform and methanol in the ratios of 95:5, 9:1, 85:15, 4:1,

7:3, 2:3, 1:1, 1:3, and 0:1 (2 l each). All the fractions were

then bioassayed and the active fractions which were eluted

between 95:5 and 9:1 (chloroform in methanol; 1 g) were

combined for further purifications (SF-4). This combined

fraction, that contained three spots in TLC, was further re-

chromatographed in a silica gel column and sub-fractionated

into three fractions with 7.5, 10, and 12.5% (chloroform in

methanol) and also bioassayed. Further purification was

carried on the active sub-fraction (10% chloroform in

methanol; 500 mg) (SF-2a) that showed single spot in TLC

(chloroform [7.5]:methanol [2]) and again the activity was

confirmed. The compound was subjected to NMR, IR, and

UV analyses. The fractionation of flowers of Delonix elata is

shown in Figure 1.

Cell culture

RAW 264.7 macrophage cells were incubated in tissue culture

flasks containing Dulbecco’s minimal eagle’s medium

(DMEM), fetal bovine serum (FBS), streptomycin, and

penicillin (100 U/l) in a humidified atmosphere containing

5% CO2 at 37 �C for confluence. After discarding the media,

1 ml of trypsin (0.25%) was added and kept in the incubator

for 5 min. The flask was then gently tapped to detach the cells

and then the flask was completely rinsed by adding 3 ml of

DMEM-FBS media and the contents were centrifuged at

1000 rpm for 10 min. After discarding the supernatant, the cell

pellet was dissolved in DMEM-FBS media. The viability of

the trypsinised (trypsin–EDTA) RAW 264.7 cells was

checked after staining with 0.4% trypan blue staining solution

(1:4) diluted in phosphate buffered saline (PBS) and the cells

were counted using Neubauer chamber and then diluted based

on requirement.

Bioassay setup

RAW 264.7 cells were seeded in 96-well plates and were pre-

incubated with the extract/fractions/compound of Delonix

elata flower samples at different concentrations (10, 25, and

50 mg/ml; dissolved in 5% DMSO in serum-free DMEM

medium), 30 min before stimulation with 1 mg/ml of LPS. The

setup was incubated for 24 h at 37 �C in a humidified

atmosphere containing 5% CO2. The LPS (1 mg/ml) stimu-

lated cells were served as inflammation control; unstimulated

cells were served as a negative control.

MTT assay

RAW 264.7 cells were plated at 2�103 cells/200 ml of

medium and incubated in 96-well plates for the cell prolif-

eration assay. The cells were treated with extract/fractions/

compound in various concentrations (10–1000 mg/ml) to

assess the toxicity of the compound in the absence of LPS.

After 24 h of treatment, MTT solution (5 mg/ml PBS; 20 ml/

well) (Sigma Aldrich, New Delhi, India) was added. After 4 h

of incubation at 37 �C in a humidified 5% CO2 atmosphere,

the absorbance of 570 nm was measured using an ELISA

microplate reader (Yang et al., 2008).

NO production

The macrophage cells were plated 4� 105 cells/ml of medium

and incubated in 24-well plates for NO production. The cells
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were treated with extract/fractions/compound in various

concentrations (10, 25, and 50 mg/ml) with or without LPS

stimulation. After incubation (24 h), the level of NO produc-

tion was monitored by measuring the nitrite concentration in

the supernatant of cultured medium using the Griess reagent

(Ignacio et al., 2001).

Estimation of cytokines

The macrophage cells were plated 106 cells/ml and cultured

for cytokine quantification. The supernatants were collected

by centrifugation at 2500 rpm for 20 min at 18 �C after 24 h,

and assayed for IL-1b and TNF-a using ELISA kits

(eBiosciences, San Diego CA) according to the manufac-

turer’s instructions. LPS-treated cells were considered as a

positive control and the cells without LPS treatment were

considered as a negative control.

Instrumentation for the identification of the active
compound

IR spectra were recorded on a Perkin–Elmer FT-IR grating

spectrometer (PerkinElmer, Inc, Akron, OH) in KBr disc.
1H and 13C NMR were recorded in D2O at 400 and 100 MHz

in a Bruker instrument, respectively. Tetramethylsilane

(TMS) was used as the internal standard. Electron ionization

mass spectra (EI-MS) was analyzed on a Schimadzu

instrument (Shimadzu Scientific Instruments, Columbia,

MD) at 70 eV by the direct inlet method. Chemical shifts

are given in d-scale.

Statistics

Data obtained within the groups were expressed as

mean ± SEM for triplicate independent experiments. The

statistical significance of the data was analyzed with a

one-way ANOVA followed by Tukey’s HSD using SPSS

program (Version 11.5, SPSS Inc., Chicago, IL) and the

significance level was set at p� 0.05.

Results

Effect of extract/fractions/active compound isolated
from Delonix elata flowers on cell viability

In bioassay-guided fractionation of Delonix elata flowers, the

active extract/fractions/sub-fractions/active compound were

assessed for the toxicity using MTT assay on RAW 264.7 cell

line in the absence of LPS. The treatment with extract/

fractions/sub-fractions/compound in various concentrations

(10–1000 mg/ml) did not affect the viability of the cells. Thus

the dosage of active fractions/sub-fractions/compound was

fixed between 10 and 50 mg/ml concentrations for further

studies.

Figure 1. Scheme for the fractionation of Delonix elata methanol extract.
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Bioassay guided fractionation of Delonix elata flowers
in LPS-induced cells

Effect of Delonix elata flower methanol extract

The levels of NO (0.756 ± 0.01 mM), TNFa
(419.95 ± 21.46 pg/ml), and IL-1b (775.62 ± 36.81 pg/ml)

were elevated highly on LPS-stimulated cells, when compared

with unstimulated cells. The treatment with Delonix elata

flower methanol extract significantly (p� 0.05) reduced the

levels of these markers in a dose-dependent manner. The

maximum inhibition of NO (0.319 ± 0.02mM), TNFa
(179.45 ± 18.55 pg/ml), and IL-6 (376.06 ± 10.07 pg/ml)

levels were observed on 50 mg/ml of Delonix elata methanol

extract (Figure 2).

Effect of diethylether (ET) soluble fractions of Delonix elata

flower methanol

In LPS-stimulated cells, the levels of NO (0.774 ± 0.03 mM),

TNFa (430.84 ± 20.21 pg/ml), and IL-1b (756.68 ± 38.75 pg/

ml) were highly elevated when compared with unstimulated

cells. The treatment with ET soluble portion of Delonix elata

flower methanol extract significantly (p� 0.05) reduced the

levels of these markers in a dose-dependent manner. There was

a decrease in the levels of NO (0.303 ± 0.01 mM), TNFa
(144.31 ± 10.45 pg/ml), and IL-1b (292.96 ± 17.57 pg/ml) at

50 mg/ml concentration of ET soluble portion (Table 1).

Effect of sub-fractions from the ET soluble fractions of

Delonix elata flower methanol extract

The release of NO (0.776 ± 0.03 mM), TNFa
(464.45 ± 23.90 pg/ml), and IL-1b (752.30 ± 39.15 pg/ml)

levels were elevated highly on LPS-stimulated cells, when

compared with unstimulated cells. The treatment with 95:5

and 9:1% of chloroform in methanol (SF-4) of ET soluble

portion of Delonix elata flower methanol extract significantly

(p� 0.05) reduced the levels of these markers in a dose-

dependent manner. The maximum inhibition of NO

(0.323 ± 0.01 mM), TNFa (126.42 ± 11.43 pg/ml), and IL-6

(318.08 ± 18.56 pg/ml) levels were observed on 50 mg/ml of

SF-4 (Table 2).

Effect of sub-fractions from SF-4 of the ET soluble fractions of

Delonix elata flower methanol extract

Table 3 depicts the results of treatment with SF-2a of SF-4 of

the ET soluble portion of Delonix elata flower methanol

Table 1. Effect of toluene (TO), diethylether (ET), ethyl acetate (EA), and methanol (MeOH) soluble fractions of Delonix elata
flower methanol extract on LPS-induced RAW 264.7 cell line.

Groups NO (mM) TNF-a (pg/ml) IL-1 b (pg/ml)

Normal cells 0.219 ± 0.09a 89.27 ± 5.67a 82.68 ± 4.36a

LPS induced 0.774 ± 0.03b 430.84 ± 20.21b 756.68 ± 38.75b

LPS + TO (10 mg/ml) 0.452 ± 0.01d 692.71 ± 38.33b 680.52 ± 64.23b

LPS + TO (25 mg/ml) 0.388 ± 0.02d,e 735.00 ± 13.48b 692.72 ± 31.52b

LPS + TO (50 mg/ml) 0.311 ± 0.02a,e 681.24 ± 27.53b 681.21 ± 27.52b

LPS + ET (10 mg/ml) 0.450 ± 0.04d 290.51 ± 22.69c,d 466.36 ± 30.97d,e

LPS + ET (25 mg/ml) 0.367 ± 0.08 d,e 227.64 ± 16.85d.e 346.14 ± 14.45e,f

LPS + ET (50 mg/ml) 0.303 ± 0.01a,e 144.31 ± 10.45a,d 292.96 ± 17.57f

LPS + EA (10 mg/ml) 0.648 ± 0.03b,c 648.65 ± 35.43e,f 664.36 ± 56.45b,c

LPS + EA (25 mg/ml) 0.688 ± 0.09b,c 688.87 ± 8.92e,f 692.83 ± 38.25b,c

LPS + EA (50 mg/ml) 0.638 ± 0.03c 639.04 ± 33.12e,f 687.41 ± 40.59b,c

LPS + MeOH (10 mg/ml) 0.653 ± 0.03b,c 654.21 ± 33.45e,f 649.89 ± 54.00b,c

LPS + MeOH (25 mg/ml) 0.736 ± 0.03b,c 737.18 ± 36.84f 687.15 ± 40.65b,c

LPS + MeOH (50 mg/ml) 0.609 ± 0.03c 609.58 ± 37.75e 679.05 ± 27.26b,c

Values are mean ± SEM for triplicate individual experiments; values carrying the same letter did not vary significantly from each
other (Tukey’s HSD; p� 0.05).

Figure 2. Effect of Delonix elata flower methanol extract on LPS-induced RAW 264.7 cell line. (a) NO; (b) TNF-a and IL-1b; levels of LPS-induced
RAW 264.7 cell lines. Values are mean ± SEM for triplicate independent experiments; values carrying the same alphabet did not vary significantly
from each other (Tukey’s HSD; p� 0.05).
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extract. It significantly (p� 0.05) reduced the levels of

pro-inflammatory markers in a dose-dependent manner.

In LPS-stimulated cells, the levels of NO (0.766 ± 0.03 mM),

TNFa (474.50 ± 20.11 pg/ml), and IL-1b (715.49 ± 51.98 pg/

ml) were highly elevated when compared with unstimulated

cells. There was a decrease in the levels of NO

(0.313 ± 0.02 mM), TNFa (120.15 ± 14.88 pg/ml), and IL-1b
(334.00 ± 24.99 pg/ml) at 50 mg/ml concentration of SF-2a

(Table 3).

Effect of active compound isolated from Delonix elata flowers

in LPS-induced cells

The active compound was isolated from the SF-2a portion.

Figure 3 depicts the results of treatment with the active

compound from Delonix elata flower. It significantly

(p� 0.05) reduced the pro-inflammatory markers in a dose-

dependent manner. In LPS-stimulated cells, the levels of NO

(0.774 ± 0.08 mM), TNFa (501.71 ± 25.14 pg/ml), and IL-1b
(712.68 ± 52.25 pg/ml) were highly elevated when compared

with unstimulated cells. The results showed to be

decreased the levels of NO (0.263 ± 0.03 mM), TNFa
(160.20 ± 17.57 pg/ml), and IL-1b (285.79 ± 15.16 pg/ml) at

50 mg/ml concentration of active compound (Figure 3).

Structure determination of active compound - hesperidin

The active compound was found as white crystals from

methanol containing melting point 272 �C along with

molecular weight as 610 (C28H34O15). IR �max (KBr) cm�1

showed peaks at 3475 (hydroxyl), 2922, 2842, 1647 (car-

bonyl), 1610, 1515, 843, 814, 760 (aromatic), 1070 (C–O–H

bending), 1040, 1278. UV lmax (MeOH) nm showed the peaks

at 282 and 327. In AlCl3 + HCl analysis, the peaks were

observed at 303 and 369 and also in NaOMe analysis, the

peaks were observed at 287 and 357. 1H NMR (DMSO-d6,

400 MHz) showed 6.94 (1 h, d, J¼ 2.0 Hz, H-2); 6.92 (2H, M,

H-5, and H-6), 6.12 (1H, d, J¼ 2.4 Hz, H-6), 6.14 (1H, d,

J¼ 2.4 Hz, H-8), 3.78 (3H, S, 40-OMe), 5.50 (1H, d, J¼ 8.0

and 3.2 Hz, H-2), 2.78 (1H, dd, J¼ 17.6 and 3.2 Hz, H-3ax),

Table 2. Effect of sub-fractions from the diethylether soluble fractions of Delonix elata flower methanol extract on
LPS-induced RAW 264.7 cell line.

Groups NO (mM) TNF-a (pg/ml) IL-1b (pg/ml)

Normal cells 0.227 ± 0.01a 97.35 ± 6.35a 85.77 ± 2.41a

LPS induced 0.776 ± 0.03b 464.45 ± 23.90b 752.30 ± 39.15b

LPS + SF-1 (10 mg/ml) 0.672 ± 0.05b 468.45 ± 26.43b 703.24 ± 40.23b

LPS + SF-1 (25 mg/ml) 0.653 ± 0.03b,c 492.55 ± 10.92b 824.14 ± 27.94b

LPS + SF-1 (50 mg/ml) 0.670 ± 0.03b 493.45 ± 43.47b 741.16 ± 34.20b

LPS + SF-2 (10 mg/ml) 0.644 ± 0.03b,c 472.95 ± 43.78b 724.43 ± 57.86b

LPS + SF-2 (25 mg/ml) 0.634 ± 0.05b,c 454.76 ± 38.71b 762.26 ± 48.12b

LPS + SF-2 (50 mg/ml) 0.636 ± 0.04b 499.23 ± 20.32b 802.08 ± 40.42b

LPS + SF-3 (10 mg/ml) 0.683± 0.01b 474.54 ± 44.56b 666.49 ± 30.41b

LPS + SF-3 (25 mg/ml) 0.689 ± 0.09b 473.64 ± 38.44b 691.44 ± 28.21b

LPS + SF-3 (50 mg/ml) 0.644 ± 0.03b,c 484.29 ± 27.97b 762.51 ± 47.26b

LPS + SF-4 (10 mg/ml) 0.488 ± 0.03c,d 286.29 ± 24.31c 495.12 ± 26.89c

LPS + SF-4 (25 mg/ml) 0.387 ± 0.02a,d 210.39 ± 32.97c,a 366.08 ± 24.84c,d

LPS + SF-4 (50 mg/ml) 0.323 ± 0.01a,d 126.42 ± 11.43a 318.08 ± 18.56d

LPS + SF-5 (10 mg/ml) 0.679 ± 0.01b,c 470.50 ± 33.05b 779.99 ± 35.80b

LPS + SF-5 (25 mg/ml) 0.637 ± 0.05b 474.17 ± 47.42b 733.57 ± 35.81b

LPS + SF-5 (50 mg/ml) 0.674 ± 0.06b,c 488.83 ± 18.08b 652.17 ± 30.05b

LPS + SF-6 (10 mg/ml) 0.664 ± 0.03b 531.88 ± 42.21b 662.65 ± 24.22b

LPS + SF-6 (25 mg/ml) 0.723 ± 0.01b,c 543.05 ± 41.65b 749.26 ± 39.88b

LPS + SF-6 (50 mg/ml) 0.733 ± 0.01b,c 431.61 ± 18.78b 781.78 ± 49.21b

Values are mean ± SEM for triplicate individual experiments; values carrying the same alphabet did not vary significantly
from each other (Tukey’s HSD; p� 0.05).

Table 3. Effect of sub-fractions from SF-4 of the diethylether soluble fractions of Delonix elata flower methanol extract on
LPS-induced RAW 264.7 cell line.

Groups NO (mM) TNF-a (pg/ml) IL-1b (pg/ml)

Normal cells 0.265 ± 0.09a 97.80 ± 4.73a 83.45 ± 4.09a

LPS induced 0.766 ± 0.03b 474.50 ± 20.11b 715.49 ± 51.98b

LPS + SF-1a (10 mg/ml) 0.688 ± 0.03b 470.12 ± 27.17b 663.28 ± 38.77b

LPS + SF-1a (25 mg/ml) 0.597 ± 0.03b 448.04 ± 35.29b,c 736.01 ± 54.46b

LPS + SF-1a (50 mg/ml) 0.709 ± 0.04b 493.59 ± 14.05b 712.61 ± 52.21b

LPS + SF-2a (10 mg/ml) 0.635 ± 0.03b 361.77 ± 25.16c 389.57 ± 18.26c

LPS + SF-2a (25 mg/ml) 0.412 ± 0.03a 233.49 ± 19.31d 342.99 ± 21.22c

LPS + SF-2a (50 mg/ml) 0.313 ± 0.02a 120.15 ± 14.88a 334.00 ± 24.99c

LPS + SF-3a (10 mg/ml) 0.672 ± 0.05b 709.18 ± 30.82e 769.18 ± 27.44b

LPS + SF-3a (25 mg/ml) 0.692 ± 0.03b 772.53 ± 35.46e 722.07 ± 14.49b

LPS + SF-3a (50 mg/ml) 0.646 ± 0.03b 780.93 ± 20.38e 681.65 ± 41.51b

Values are mean ± SEM for triplicate individual experiments; values carrying the same alphabet did not vary significantly
from each other (Tukey’s HSD; p� 0.05).
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H-3eq (merged with the solvent peak), 4.97 (1H, d, J¼ 7.2 Hz,

H-100), 4.60 (1H, d, J¼ 3.2 Hz, H-1000), 1.08 (3H, d, J¼ 6.8 Hz,

H-6000). 13C NMR (�, DMSO-d6, 100 MHz) showed 78.36

(C-2), 42.00 (C-3), 196.95 (C-4), 162.99 (C-5), 96.35 (C-6),

165.18 (C-7), 95.51 (C-8), 162.45 (C-9), 103.23 (C-10),

130.87 (C-10), 114.10 (C-20), 146.42 (C-30), 147.93

(C-40), 112.04 (C-50), 117.90 (C-60), 99.42 (C-100), 72.23

(C-200), 75.48 (C-300), 72.03 (C-400), 76.23 (C-500), 65.99

(C-600), 100.54 (C-1000), 69.56 (C-2000), 70.66 (C-3000), 72.95

(C-4000), 68.27 (C-5000), 17.77 (C-6000). The NMR, IR, and UV

(Figure 4a–e) analysis confirmed the compound to be

hesperidin (Figure 5) (Lin et al., 2007). The spectroscopy

data were comparable with those of hesperidin reported in the

literature with 2S configuration (Inove et al., 2010; Maltese

et al., 2009). This is the first report of this compound from

this plant.

Discussion

Macrophages are the first line of host defense against

inflammation and play an important role in innate and

adaptive immune responses (Verstovsek et al., 1992).

Overproduction of the inflammatory mediators by activated

macrophages has been implicated in the pathophysiology of

many inflammatory diseases (Saravanan et al., 2012). The

regulation of undesired immune response is necessary for the

prevention of many severe diseases development from acute

to chronic stage. Non-steroidal anti-inflammatory drugs are

clinically common as an inhibitor of NF-kB-dependent

inflammatory genes of TNF-a and IL-1b (Lee & Burckart,

1998); but these drugs carry the risk of gastrointestinal

toxicity thus, their use is limited (Huh et al., 2011).

Nowadays, the discovery of many pharmacological new

drugs contains a natural products or natural product analogs.

Many medicinal plants provide relief comparable with that of

conventional therapies in the treatment of diseases

(Verpoorte, 1999) and also they are excellent sources of

lead compounds, in the search of new drugs.

In the present study, the bioassay-guided fractionation of

Delonix elata flowers methanol extract was carried out for

anti-inflammatory activity using the RAW 264.7 cell line.

Delonix elata flowers were strategically fractionated and

evaluated for their impact on NO, TNF-a, and IL-1b levels in

RAW 264.7 cell lines. Lipopolysaccharide (LPS), a constitu-

ent of the outer membrane of Gram-negative bacteria, is an

endotoxin (Guha & Mackman, 2001) and it stimulates innate

immunity by regulating the production of inflammatory

mediators like NO, TNF-a, IL-6, prostanoids, and leuko-

trienes (Opal, 2007). LPS was used to activate macrophages

for the screening of anti-inflammatory agents from Delonix

elata in this study.

NO plays a role in the regulation on blood vessel tone,

inflammation, mitochondrial functions, and apoptosis

(Beltran et al., 2002). In LPS-stimulated cells, the levels of

NO was significantly increased; but the active extract/

fractions/sub-fractions from Delonix elata flowers suppressed

the release of NO levels due its anti-inflammatory property.

TNF-a is an autocrine stimulator as well as a potent paracrine

inducer of other inflammatory cytokines (Butler et al., 1995);

but the levels of TNF-a was ameliorated by the treatment of

active extracts/fractions/sub-fractions. Controlled levels of

IL-1b were observed by the treatment of Delonix elata active

extract/fractions/sub-fractions; that also revealed that the

activation of macrophages was significantly ameliorated by

the treatment. The active fractions/sub-fractions which

showed maximum ameliorative effects on pro-inflammatory

markers was selected for further bioassays. Finally, in an

attempt to search for anti-inflammatory constituents, the

active subfraction was purified and a pure compound was

obtained.

The pure compound was crystallized as a white compound

from methanol (m.p. 272 �C) and it was confirmed as

hesperidin based on 1H and 13C NMR. It was analyzed as

C28H34O15. It gave brown color with alcoholic ferric chloride

and reddish pink color with Mg/HCl. It gave a single spot on

TLC over silica gel (Rf: 0.41) with chloroform:methanol

(7.5:2) as the developing system. UV spectrum showed peaks

at 282 with shoulder at 327. The peaks were shifted to 303

and 369 with AlCl3 + HCl showed chelated hydroxyl at C-5.

The peaks were shifted to 287 and 357, thereby showed the

absence of 40OH. The IR spectrum showed peaks at 3475

(hydroxyl), 1647 (carbonyl), 1610, 1515, 843, 814, and 760

Figure 3. Effect of active compound (hesperidin) isolated from Delonix elata flowers on LPS-induced RAW 264.7 cell line. (a) NO; (b) TNF-a and
IL-1b; levels of LPS-induced RAW 264.7 cell lines. Values are mean ± SEM for triplicate individual experiments; values carrying the same alphabet
did not vary significantly from each other (Tukey’s HSD; p� 0.05).
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Figure 4. The spectroscopic data of hesperidin of the flowers methanol extract of Delonix elata. (a) 1H NMR spectrum, (b) 13C NMR spectrum,
(c) DEPT NMR spectrum, (d) IR spectrum, and (e) UV spectrum.
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(aromatic). The large peak at 1070 was due to C–O–H

bending. 1H NMR also confirmed the structure to be

hesperidin. The two meta-coupled protons H-6 and H-8 in

ring A appeared at � 6.12 and 6.14 each as a doublet

(J¼ 2.4 Hz). H-2 appeared as the double doublet at � 5.50

(J¼ 8 and 3.2 Hz) showing 2 S configuration. Accordingly

H-3ax appeared as one-proton double doublet at � 2.78

(J¼ 17.6 and 3.2 Hz). H-3eq was merged with the solvent

peak. H-20 in ring B appeared as a meta-coupled proton

(J¼ 2 Hz) at � 6.94. H-50 and H-60 were found as a two-proton

multiplet at � 6.92. H-100 of glucose appeared a doublet

(J¼ 7.2 Hz) at � 4.97. H-1000 of rhamnose appeared as a one-

proton doublet (J¼ 3.2 Hz) at � 4.60. The rhamnose methyl

H-6000 appeared as a three-proton doublet (J¼ 6.8 Hz) at

d 1.08. The 13C NMR also confirmed the compound to be

hesperidin. The above physical and spectroscopy data were

comparable with those of hesperidin reported in the literature

with 2S configuration (Inove et al., 2010; Maltese et al.,

2009).

Hesperidin, a bioflavonoid, is an abundant and inexpensive

by-product of citrus species; highly present in sweet orange

and lemon (Garg et al., 2001). It has been reported recently

Figure 4. Continued.
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Figure 4. Continued.
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for significant anti-inflammatory (Coelho et al., 2013), anti-

arthritic (Li et al., 2008; Umar et al., 2013), analgesic (Emim

et al., 1994), immunomodulatory (Kawaguchi et al., 1999),

wound healing (Hasanoglu et al., 2001), antiallergic, and anti-

anaphylactic activities (Kubo & Matsuda, 1992). In this study,

bioactivity-guided fractionation of Delonix elata flowers led

to hesperidin as a major anti-inflammatory constituent. The

presence of herperidin in Delonix elata flowers might play a

significant role in the modulation of inflammatory markers

such as NO, TNF-a, and IL-1b on LPS-induced RAW 264.7

cell line. Thus, this study has confirmed the traditional claim

of Delonix elata flowers to treat inflammation with the

presence of hesperidin.

Conclusion

In conclusion, the traditional knowledge on the use of Delonix

elata was scientifically validated for its anti-inflammatory

properties. The isolated active fractions/sub-fractions/com-

pound from Delonix elata flowers significantly attenuated the

release of NO, TNFa, and IL-1b levels in LPS-induced RAW

264.7 macrophage cell line. The NMR, IR, and UV

spectroscopy data confirmed the compound to be hesperidin

with a 2S configuration. This is the first report of this

compound from Delonix elata flowers. These findings

support the traditional use of Delonix elata flowers for

future biomedical studies.
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