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The white-flowered leaves of Eclipta prostrata L. together with leaves of Scoparia dulcis and 

Cynodon dactylon are mixedly boiled in water and given to diabetic patients resulting in the 

significant improvement in the management of diabetes. However, the active constituents from 

this plant for antidiabetic and anti-obesity properties are remaining unclear. Thus, this study was 

to discover anti-diabetes and anti-obesity activities through PTP1B inhibitory effects. We found 

that the fatty acids (23 and 24) showed potent PTP1B inhibition with IC50 values of 2.14 and 

3.21 µM, respectively. Triterpenoid-glycosides (12‒15) also exhibited strong to moderate PTP1B 

inhibitory effects, with IC50 values ranging from 10.88 to 53.35 µM. Additionally, active 

compounds were investigated for their PTP1B inhibitory mechanism and docking analysis. On 

the other hand, the anti-inflammatory activity from our study revealed that compounds (1–4, 7, 8, 

and 10) displayed the significant inhibition NO production in LPS-stimulated RAW264.7 cells. 

Especially, compound 9 showed the potent inhibitory effects in lipopolysaccharide (LPS)-

induced NO production on RAW264.7 cell. Therefore, further Western blot analysis was 

performed to identify the inhibitory expression including heme oxygenase-1 (HO-1) and IB 

phosphorylation. 
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INTRODUCTION 

Insulin-mediated signal transduction occurs in the balance between tyrosine phosphorylation 

and de-phosphorylation at the earliest steps, namely insulin receptor (IR) and its primary 

substrates (insulin receptor substrate proteins, IRS). Protein tyrosine phosphatases (PTPs) are 

negative regulators in normal physiological states that play an important role in transduction of 

insulin resistance.
1)

 Among PTPs family member, PTP1B is known to be a key negative 

regulator of insulin and leptin signaling pathway. Deficiency of PTP1B could remain sustained 

phosphorylation process of insulin receptor, leading to insulin sensitivity and improved glucose 

tolerance
2)

 as well as resistance to weight gain through their leptin sensitivity improvement.
3)

 

Thus, PTP1B inhibitor may be useful for treating diabetes mellitus and obesity diseases. 

Eclipta prostrata L. belongs to Eclipta genus of family of Asteraceae (Compositae). This 

plant is used as traditional medicine for treatment of infectious hepatitis, jaundice, liver cirrhosis, 

aching and weakness of the knees and loins, spitting of blood, epistaxis, hematuria and diarrhea 

with bloody stools, abnormal uterine bleeding, hepatic diseases, and hyperlipidemia.
4,5)

 E. 

prostrata has attracted a great deal of attention due to its wide range of biological effects 

including antitumor,
6)

 anti-inflammatory,
7)

 antimicrobial, antioxidant, immunomodulatory, 

hepatoprotective, analgesic, and hair growth promoting activities.
8)

 Notably, white-flowered 

leaves from this plant are mixed with leaves of Scoparia dulcis and Cynodon dactylon in water, 

and then boiled in an earthen vessel. The water is then strained through cloth and given to 

diabetic patients to be taken orally in the morning and evening on an empty stomach in 

Thakurgaon district of Bangladesh. In India, this plant is known in the three major forms of 

Indian traditional medicinal systems, namely, Ayurveda, Unani, and Siddha, respectively. 

Among Ayurvedic system products, Trasina contains the ingredients of E. prostrata. This 
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functional product is one of the largest selling Ayurvedic antihyperglycemic drug (Dey's Medical, 

Calcutta) in India. In view of above information, a study from E. prostrata leaves showed a 

significant reduction of blood glucose level.
9)

 Crude extract of E. prostrata also exhibits 

antihyperlipidemic property by reducing elevated lipid, cholesterol, triglycerides, phospholipids, 

and free fatty acids levels.
10)

 However, the active constituents from E. prostrata for 

antihyperglycemic and antihyperlipidemic effects have not been identified until now. 

Diabetes mellitus may be associated with oxidative and inflammation stress by increasing 

their levels in patients. Inflammation associated to innate and adaptive immune systems is a 

normal response to infection. However, inflammation for long term may result in autoimmune or 

auto-inflammatory disorders, neurodegenerative disease, or cancer.
11)

 Thus, it is necessary to 

control inflammation process effectively.  

The present study was to find out constituents from E. prostrata for anti-diabetes and anti-

obesity properties based on their PTP1B activity. Furthermore, the anti-inflammatory effects of 

the isolates were also investigated through NO inhibitory activities in LPS-stimulated RAW 

264.7 cells. 

MATERIALS AND METHODS 

General Experimental Procedures The optical rotations were performed on a JASCO 

DIP–370 digital polarimeter (Jasco, Easton, MD, USA). The IR spectra were obtained from 

JASCO FT/IR–4100 spectrometer (Jasco, Easton, MD, USA). UV spectra were operated in 

MeOH by using a Shimadzu spectrophotometer (Chiyoda, Tokyo, Japan). The nuclear magnetic 

resonance (NMR) spectra were recorded on an Oxford AS 400 MHz instrument (Varian, Palo 

Alto, CA, USA), and the chemical shifts were reported as δ values with TMS as the internal 

standard [measured in methanol-d4, pyridine-d5, chloroform-d1 (Merck, Darmstadt, Germany)]. 
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The (ESI-MS) spectra were obtained using an Agilent 6530 Accurate‒Mass Q‒TOF LC/MS 

system. Open column chromatography (CC) experimented on silica gel (Merck, Darmstadt, 

Germany; 63−200 μm particle size), YMC RP–18 (Merck, Darmstadt, Germany; 150 μm particle 

size). Thin layer chromatography (TLC) used pre‒coated silica gel 60 F254 (1.05554.0001, Merck, 

Darmstadt, Germany) and RP‒18 F254S plates (1.15685.0001, Merck, Darmstadt, Germany) and 

were visualized by spraying with aqueous 10% H2SO4 and heating for 3‒5 min.  

Plant Material The aerial parts of E. prostrata were collected from Yeongcheon, 

Gyeongsangbuk-do, Republic of Korea in August 2016. The plant species was identified by 

Professor Byung Sun Min, College of Pharmacy, Catholic University of Daegu, Republic of 

Korea. A voucher specimen (DCU-201608) was deposited at the Herbarium of the College of 

Pharmacy, Catholic University of Daegu, Republic of Korea. 

Extraction and isolation The dried leaves of E. prostrata (15 kg) were extracted with 

ethanol (4L x 4 times in 48 hours) at room temperature. The solution was evaporated under 

reduced pressure to give residue (1.1 kg). This residue was suspended in water and partitioned 

successively with each volume of 5 L x 3 times of n-hexane, CH2Cl2, EtOAc, and n-BuOH, 

yeilding n-hexane fraction (285 g), CH2Cl2 fraction (315 g), EtOAc fraction (100 g), and n-

BuOH fraction (290 g), respectively. The EtOAc fraction (100 g) was fractionated by open 

column chromatography [silica gel, 20100% (v/v)] with the methylene chloridemethanol 

gradient solvent system, collecting 10 fractions (EPE1EPE10). These parts were combined and 

evaporated by analyzed their TLC profiles using EtOH (10% H2SO4) solution on heating. The 

EPE4 (3.5 g) was subjected on reverse phase (YMC RP-18) open column chromatography 

eluting with acetonewater (1/1.8, v/v) solvent system to obtain compounds 18 (8.5 mg), 19 (6.5 

mg), and further purified on silica gel using solvent system of methylene chloridemethanol 
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(10/1, v/v) to get compounds 1 (15 mg), 17 (5.9 mg) and 20 (7.2 mg), respectively. Sub-fraction 

EPE7 (1.5 g) was chromatographed on Sephadex LH-20 eluting with methanolwater (1/1, v/v) 

solvent system to get compounds 5 (8.5 mg) and 11 (20 mg), and further purified on reverse 

phase (YMC RP-18) open column chromatography acetonewater (1/2.5, v/v) solvent system to 

yield compounds 12 (10.2 mg) and 22 (9.5 mg). n-BuOH fraction (125 g) was loaded to open 

column chromatography [silica gel, 35100% (v/v)] with the methylene chloridemethanol 

gradient solvent system, collecting 12 fractions (EPB1 EPB12). Sub-fraction EPB1 (1.3 g) was 

separated on reverse phase (YMC RP-18) open column chromatography eluting with 

acetonewater (from 1/2.5 to 1/1, v/v) gradient solvent system to obtain 9 (8.2 mg) and 16 (10.5 

mg). Sub-fraction EPB2 (2.5 g) was chromatographed on Sephadex LH-20 eluting with 

methanolwater (1/1, v/v) solvent system to get compounds 4 (7.6 mg), 21 (9.1 mg), and further 

purified on reverse phase (YMC RP-18) open column chromatography eluting with 

acetonewater (from 1/1.5, v/v) solvent system to obtain 2 (6.9 mg) and 13 (11 mg). Fraction 

EPB3 (3.5g) was loaded on reverse phase (YMC RP-18) open column chromatography eluting 

with acetonewater (from 1/1.5, v/v) solvent system to afford compound 3 (11 mg), and further 

purified on open column chromatography silica gel with the methylene chloridemethanol 

(10/1.5, v/v) solvent system, collecting 6 (10.2 mg) and 8 (7.1 mg). Fraction EPB5 (2.6 g) was 

loaded on reverse phase (YMC RP-18) open column chromatography eluting with 

methanolwater (1/1.2, v/v) solvent system to afford compounds 7 (9.1 mg), 14 (7.9 mg), and 

further purified on Sephadex LH-20 eluting with methanol (100 %) to get compounds 10 (8.6 

mg) and 15 (6.9 mg). Fraction EPB6 (0.5 g) was subjected on reverse phase (YMC RP-18) open 

column chromatography eluting with acetonewater (1.5/1, v/v) solvent system to afford 

compounds 23 (12.0 mg) and 24 (8.2 mg), separately. 
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PPT1B assay PTP1B (human, recombinant) was purchased from Biomol International LP 

(USA) and the enzyme activity was operated using p-nitrophenyl phosphate (p-NPP) as a 

substrate.
12)

 In particularly, the PTP1B hydrolysis process from p-NPP to p-nitrophenol (p-NP) 

production could be detected at 405 nm. In each 96-well plates (total 200 μL of volume), there 

were 2 mM p-NPP and PTP1B (0.050.1 μg) in a buffer containing 50 mM citrate (pH 6.0), 0.1 

M NaCl, 1 mM EDTA, and 1 mM dithiothreitol (DTT) with or without test compound, following 

by pre-incubated at 37℃ for 10 min, and then implemented with 50 µL of p-NPP. The reaction 

was finally added with 10 M NaOH. The amount of product (p-NP) was measured the 

absorbance at 405 nm. The excess amounts of 2 mM p-NPP were determined with absorbance at 

405 nm obtained in the absence of PTP1B enzyme. The PTP1B inhibitory activity of each 

sample was determined by the equation:  

Inhibition (%) = [1 − (sample OD − blank 2 OD) / (control OD − blank 1 OD)] × 100 

whereas OD is absorbance at 405 nm. Ursolic acid was used as positive control. 

PTP1B enzyme kinetic assay The enzymatic assay was performed as the same PTP1B 

assay method. The assay consisted of different p-NPP concentrations as a PTP1B substrate in the 

presence at various concentrations of test compounds. The inhibitory mechanism was determined 

through the Dixon plot for various substrate concentrations and the Lineweaver-Burk plot for 

various test compound concentrations.
13)

 The inhibition constants (Ki) of enzyme-inhibitors 

complex were obtained from the interpretation of Dixon plots. 

Cell culture and MTT assay for cell viability The RAW264.7 cells were maintained in 

Dulbecco’s Modified Essential. These cells were grown at 37 
o
C in DMEM supplemented with 

10% heat-inactivated FBS, penicillin (100 units/mL), and streptomycin sulfate (100 μg/mL) in a 

humidified atmosphere of 5% CO2. After pre-incubation of RAW264.7 cells for 4 h, 0–10 
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μg/mL each compound was added. RAW264.7 viability after 24 h of continuous exposure to the 

compounds was measured with a colorimetric assay based on the ability of mitochondria in 

viable cells to reduce MTT. Briefly, 1 × 10
4
 cells/well treated for 24 h with vehicle or 

compounds were examined for cell viability. Viability of the macrophages treated with vehicle 

(0.5% DMSO) only was defined as 100% viable. Survival of macrophage cells after treatment 

with compounds was calculated using the following formula: viable cell number (%) = OD570 

(treated cell culture)/OD570 (vehicle control) × 100. 

Determination of NO production and the cell viability assay The level of NO production 

was determined by measuring the amount of nitrite from the cell culture supernatants as 

described previously.
14)

 Briefly, the RAW264.7 cells (1 × 10
5

 cells/well) were stimulated with or 

without 1 μg/mL of LPS (Sigma Chemical Co., St. Louis, MO) for 24 h in the presence or 

absence of the test compounds (3–50 μM). The cell culture supernatant (100 μL) was then 

reacted with 100 μL of Griess reagent. The remaining cells after the Griess assay were used to 

test their viability using MTT (Sigma Chemical Co., St. Louis, MO)-based colorimetric assay. 

Cell viability was determined by the mitochondria-dependent reduction of MTT [3-(4,5-

dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide] to formazan. Cell in 96-well plates 

were incubated at 37 
o
C with MTT (5 mg/mL for 4 h). Cultured medium was gently aspirated 

from each well, and then the MTT crystals were dissolved in acid-SDS (100 μg). The reduction 

of the MTT to formazan within the cells was quantitated by measurement of the OD570 against 

OD630. 

Immunoblot analysis Proteins were extracted from cells in ice-cold lysis buffer (50 mM 

Tris–HCl, pH 7.5, 1% Nonidet P-40, 1 mM EDTA, 1 mM phenylmethyl sulfonyl fluoride, 1 
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μg/mL leupeptin, 1 mM sodium vanadate, 150 mM NaCl). Fifty microgram of protein per lane 

was separated by sodium dodecyl sulfate (SDS)–polyacrylamide gel electrophoresis (PAGE) and 

followed by transferring to a polyvinylidene difluoride membrane (Millipore, Bedford, MA, 

USA). The membrane was blocked with 5% skim milk, and then incubated with the 

corresponding antibody. Antibodies for COX-2 and iNOS were obtained from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA). Antibody for α-tubulin was purchased from Sigma. 

After binding of an appropriate secondary antibody coupled to horseradish peroxidase, proteins 

were visualized by enhanced chemiluminescence according to the instructions of the 

manufacturer (Amersham Pharmacia Biotec, Buckinghamshire, UK). 

Statistical analysis Data was represented as the means ± standard deviations of three 

replicates. The student t-test was used for statistical analyses of the difference noted. P < 0.01 

was accepted as statistically significant. 

Molecular docking analysis The prediction of protein (PTP1B)-ligand interactions is 

important for the success of the virtual-screening approaches. The Autodock vina 1.1.2 program 

was used to estimate the conformation of the protein-isolated compound complex. The 3D 

structure of the protein target (NCBI protein ID: 1NNY for human AR) was used for the docking 

studies without further modification. The ligand 3-({5-[(N-acetyl-3-{4-[(carboxy)-(2-

carboxyphenyl)amino]-1-naphthyl}-L-alanyl)amino]pentyl}oxy)-2-naphthoic acid (3-NNA) was 

identified in the formed crystal structure. Then, the control ligand was docked back to the 

corresponding binding pocket to reproduce the orientation and position of the inhibitor observed 

in the crystal structure. Subsequently, the active compounds were docked using the optimal 

orientation of the docked domains for 3-NNA. The binding sites were determined by Discovery 
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Studio software (ver. 4.1). Finally, the inhibitory effects of potential active isolates on protein 

were evaluated by molecular docking model. 

RESULTS 

Isolation and identification of isolated compounds from the Aerial Parts of E. prostrata 

Firstly, we found that ethanolic crude extract of E. prostrata displayed potent PTP1B inhibitory 

effect (PTP1B inhibition rate of 65% at concentration of 100 µg/mL). The bioassay–guided 

isolation led to 24 compounds (1–24) from ethanolic extract of E. prostrata. Structures of all 

isolates have been elucidated by spectroscopic and spectrometric analyses, including luteolin 

(1),
15)

 (luteolin-7-O-β-D-glucoside (2),
15)

 quercetin-3-O-β-D-glucoside (3),
16)

 apigenin (4),
17)

 

tricetin (5),
18)

 kaemferol-7-O-α-D-rhamnoside (6),
19)

 hesperetin-7-O-β-D glucoside (7),
20)

 orobol 

(8),
17)

 7-O-methylorobol-4′-O-β-D-glucopyranoside (9),
21)

 orobol 7-O-β-D-glucoside (10),
22)

 

wedelolactone (11),
6)

 eclalbasaponin I (12),
6)

 eclalbasaponin II (13), eclalbasaponin III (14), 

eclalbasaponin V (15),
23)

 machaeroceric acid (16),
24)

 stigmasterol glucoside (17),
25)

 syringic acid 

(18), procatechuic acid (19),
26)

 vanilic acid (20),
27)

 4-hydroxybenzoic acid (21),
28)

 chlorogenic 

acid (22),
29)

 (2S)-1-O-stearoyl-3-O-β-D-galactopyranosyl-sn-glycerol (23),
30)

 and (2S)-3-O-

(9Z,12Z-octadecadienoyl)glyceryl-O-β-D-galactopyranoside (24).
31)

 (Figure 1). 

PTP1B inhibitory activity of isolates (1–24) from E. prostrata Hyperglycemia is the most 

common characteristic of type 2 diabetes mellitus, while targeting hyperglycemia with PTP1B 

inhibitors has proven to be beneficial to glycemic control and thus to the treatment of type 2 

diabetes.
32)

  

Continuation of our research to find PTP1B inhibitors from nature,
12)

 all isolates (1–24) 

were tested for their inhibitory effects on PTP1B enzyme. Results revealed that two fatty acids 

23 and 24 showed the most potent inhibitory effects, with IC50 values of 2.14 ± 0.09 and 3.21 ± 
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0.13 µM, respectively, stronger than ursolic acid, a positive control (IC50: 12.00 ± 0.71 µM). This 

result notably indicates important physiological function of fatty acid. Fatty acid  may 

upregulate lipid metabolism of diabetes and insulin sensitivity, decrease the incidence of obesity, 

facilitate weight loss, and help maintenance of body weight.
32)

 Additionally, saponin compounds 

(12–15) exhibited significant inhibition on PTP1B enzyme. Among saponins, compounds 13, 14, 

and 15 displayed strong inhibition, with IC50 values of 11.75 ± 0.20, 15.23 ± 0.85, and 10.88 ± 

0.97 µM, respectively. Compound 12 showed moderate inhibitory activity, with IC50 value of 

53.35 ± 3.96 µM. However, compound 16 was inactive (IC50 >100 µM). Among flavone and 

isoflavone, compound 7 showed the strongest inhibitory activity (IC50 14.11 ± 1.17 µM) while 

compounds 1, 2, 4, and 9 displayed significant inhibition, with IC50 values of 82.40 ± 3.08, 81.77 

± 1.87, 45.50 ± 2.60, and 53.94 ± 1.45 µM, respectively. Other ones in these flavone group 

showed inactive activity (IC50 >100 µM). Phenolic compounds 21 and 22 showed moderate 

inhibition, with IC50 values of 48.70 ± 5.50 and 59.87 ± 5.48 µM, respectively. In contrast, other 

phenolics and sterol showed inactive PTP1B inhibition (IC50 >100 µM) (Table 1). 

Compounds 12–16 belong to oleanane triterpene group. Compound 16 without sugar moiety 

did not show PTP1B inhibitory effect. Thus, saponins having glucopyranosyl moiety are 

favorable for inhibiting PTP1B enzyme at tested condition. Compound 9 containing methoxyl 

group at C-7 showed the strongest inhibitory effect in isoflavone series (8–10). Similarity, 

compound 7 having a methoxyl group showed the strongest PTP1B inhibitory activity among 

flavones (1–7). 

Enzyme kinetic analysis of active compounds against PTP1B Strongly active compounds 

7, 13–15, 23, and 24 were further subjected to enzyme kinetic assay to clarify their potent 

activity against PTP1B. According to Lineweaver-Burk plot and secondary plot of y-intercept 
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(Table 1 and Figure S, supporting materials), compounds 7, 13, 14, and 24 showed mixed type 

inhibition against PTP1B whereas compounds 15 and 23 showed inhibition in a competitive 

manner. Binding constant of inhibitor with enzyme-substrate complex (Kiu) and free enzyme 

(Kic) was determined using the secondary plot of 1/Vmax,app (Y-intercept) and Km,app / Vmax,app 

(slope) of the respective linear regression of Lineweaver-Burk plot. As shown in Figure S2 

(Supporting materials), Ki values of 7, 13, 14, and 24 for inhibiting PTP1B were 9.3, 9.97, 15.79, 

and 3.39 µM, respectively. Ki values for inhibiting PTP1B by 15 and 23 were 11.65 and 2.01 µM, 

respectively. 

Molecular docking simulation in PTP1B inhibition The PTP1B inhibitors was simulated 

base on their structures apply for developing novel therapeutic drugs with selectivity and cell 

permeability. The structural features of PTP1B consisted of 435 amino acids, containing residues 

30–278, which implicate the catalytic domain. Compounds 7, 13–15, 23, and 24 exhibited strong 

inhibition on PTP1B. Thus, these compounds were evaluated for their binding affinities and 

aspects using computational docking analysis. The docking simulation was performed along with 

amino acid residues involved to H-bonds, hydrophobic, and electrostatic interactions. 

Considering docking results of tested inhibitors (7, 13–15, 23, and 24) together with 3-(3,5-

dibromo-4-hydroxy-benzoyl)-2-ethyl-benzofuran-6-sulfonic acid (4-sulfamoyl-phenyl)-amide 

(an allosteric inhibitor) and 3-({5-[(N-acetyl-3-{4-[(carboxycarbonyl)(2-carboxyphenyl)amino]-

1-naphthyl}-L-alanyl)amino]pentyl}oxy)-2-naphthoic acid (compound 23, an catalytic inhibitor), 

compounds 7, 13, 14, and 24 were stably posed in similar catalytic domains of PTP1B residues 

containing Cys215, Arg221, Tyr20, and Asp48 (Figure S3). In addition, the binding energies of 

these compounds (–8.1, –8.4, –8.1, and –6.0 kcal/mol, respectively) (Table S1) indicated the 

high affinity to PTP1B residues comparing to that of standard catalytic inhibitor (–19.2 kcal/mol). 



Biological and Pharmaceutical Bulletin Advance Publication 

Whereas, these compounds also posed in allosteric domains of PTP1B residues including 

Asn193, and Glu276 (Figure S4) with binding energy of –8.2, –7.7, –7.5, and –6.3 kcal/mol 

comparing to those of allosteric inhibitor of –13.3 kcal/mol, respectively (Table S1). 

Effect of the isolated compounds (1–24) on the viability of RAW 264.7 macrophage 

cells To obtain a suitable concentration range for investigating the effects of the isolated 

compounds (1–24) on RAW 264.7 cell viability, cells were treated with concentrations ranging 

from 3 to 50 µM and later treated with LPS (1 µg/mL) for 24 h using MTT assay.
14)

 There were 

no significant alterations in cell viability following EP extract treatment at these concentrations 

(data not shown). 

Inhibitory effects of isolated compounds (1–24) on LPS-Induced Production of NO in 

RAW 264.7 Cells RAW 264.7 cells were treated with 3, 10 and 50 µM of the isolates, with and 

without stimulation with LPS, to determine whether the compounds inhibited NO production. 

The LPS increased NO production, compared to that in untreated cells. The active compounds 

(1–4, 7–10, and 20) inhibited these increases at a dose dependence of different concentrations. 

The NO levels were quantified using the Griess reaction. Notably, compounds 1–4, 7, 8, and 10 

showed the strong NO inhibitory effects in LPS-stimulated RAW 264.7 cells with IC50 values 

ranging from 12.16 – 17.98 µM, respectively. Compound 20 showed the moderate inhibition 

with IC50 value of 40.81 ± 0.14 µM. Especially, compound 9 exhibited the potent inhibition on 

NO production with IC50 less than 1 µM. Other compounds displayed the weak or inactive 

inhibitory effects (IC50 values > 50 µM) (Table 1). 

Effect of the compound 9 on LPS-Induced IB Phosphorylation in RAW 264.7 Cells 

Compound 9 showed the potent inhibition at concentration less than 1 µM. Thus, this compound 

was further assayed at the lower inhibitory concentration of 0.1, 0.3 and 1 µM at the same 
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experiment condition which was above described. As shown in Figure 2, compound 9 extremely 

inhibited NO production in LPS-stimulated on RAW264.7 cells with IC50 value of 0.27 ± 0.01 

µM.  

To investigate the anti-inflammatory mechanism of compound 9, further experiment was 

designed to confirm whether compound 9 activates Nrf2 in RAW264.7 cells. The result indicated 

that treatment of compound 9 on RAW264.7 cells did not increase HO-1 level in a time-

dependent manner (Fig. 2). Compound 9 showed the negative effect on HO-1 expression level by 

Western blot analysis. Thus, we examined whether compound 9 suppressed LPS-induced 

activation of NF-κB, which is a well-known and important transcription factor that regulates pro-

inflammatory mediator synthesis, such as iNOS, IL-6, and TNF-α, at different concentrations. 

Figure 2 shows that the compound 9 inhibited LPS-induced degradation and re-synthesis of IκBα 

protein, means dependently inhibited the phosphorylation of IκB (α-tubulin was used as control 

at same experiment conditions for both Western blot analysis experiments). 

DISCUSSION 

In summary, this study exhibited the separation and identification of 24 isolated compounds 

from the ethanolic extract of E. prostrata using chromatographic methods and spectroscopic data 

analysis. Subsequently, all the isolates 1–24 were evaluated for PTP1B and NO production 

inhibitory activities. In PTP1B assay, the active compounds 23 and 24 showed the strongest 

inhibition against PTP1B enzyme with IC50 values of 2.14 and 3.21 μM, respectively. Meanwhile, 

compounds 7 and 13–15 displayed significant inhibition on PTP1B enzymes. The enzyme 

kinetic analysis confirmed that compounds 7, 13, 14, and 24 were mixed-type inhibitors and 

compounds 15 and 23 were competitive-type inhibitors. Interestingly, these active compounds 

isolated from E. prostrata were examined for their inhibitory activities on PTP1B for the first 
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time. Furthermore, molecular modeling studies were applied to explore how these compounds 

interact with the active sites or predict binding sites of PTP1B via evaluating the predicted 

binding energies. In this study, the ethanol extract of E. prostrata were confirmed more to be 

potent inhibitors both in vitro and in silico. 

    In NO assay, almost flavonoid and its derivatives (1–4, 7, 8, and 10) exhibited strong 

inhibitory effects with IC50 values of 12.58, 15.67, 14.61, 12.16, 17.30, 12.77, 17.98 μM, 

respectively. Whereas, compounds 12–16 belonging to triterpenoids and tritepenoid glycosides, 

inhibited NO production in LPS-induced RAW264.7 with high IC50 values. The results 

suggested that the flavone and their glycosides are favor for NO inhibitory activity than 

triterpenoid and their glycosides. In addition, the flavones are more active than its derivative 

glycosides. Notably, 7-O-methylorobol-4′-O-β-D-glucopyranoside (9) potently inhibited NO 

production in LPS-stimulated RAW264.7 with IC50 value of 0.27 ± 0.01 µM. This compound 

may be benefit for development of inflammatory diseases. Western blot analyses further 

confirmed for inflammatory inhibition through IkB phosphorylation in RAW 264.7 Cells. The 

results demonstrated the protective effect of E. prostrata constituents on LPS-induced 

inflammatory response and the potential role of the NF-κB/IκB pathway in the anti-inflammatory 

activity of 7-O-methylorobol-4′-O-β-D-glucopyranoside. 

Findings of the current study might approve for usage of this plant in herbal medicine for 

anti-diabetes, anti-obesity and anti-inflammatory activities. This study has much improvement 

for our understanding of biological activity from E. prostrata by supporting the active 

constituents. 
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Table 1.  PTP1B and NO inhibitory activities of isolated compounds from E. prostrata. 

Compounds   
 IC50 (μM)

a
 Enzyme kinetics 

NO PTP1B Ki (μM)
b
 Inhibition type

c
 

1 12.58 ± 0.18 82.40 ± 3.08 ‒ ‒ 

2 15.67 ± 0.01 81.77 ± 1.87 ‒ ‒ 

3 14.61 ± 0.32 >100 ‒ ‒ 

4 12.16 ± 0.13 45.50 ± 2.60 ‒ ‒ 

5 >50 >100 ‒ ‒ 

6 >50 >100 ‒ ‒ 

7 17.30 ± 0.13 14.11 ± 1.17 9.30 Mixed 

8 12.77 ± 0.23 >100 ‒ ‒ 

9 0.27 ± 0.10 53.94 ± 1.45 ‒ ‒ 

10 17.98 ± 0.08 >100 ‒ ‒ 

11 85.27 ± 0.45 >100 ‒ ‒ 

12 >50 53.35 ± 3.96 ‒ ‒ 

13 >50 11.75 ± 0.20 9.97 Mixed 

14 >50 15.23 ± 0.85 15.79 Mixed 

15 >50 10.88 ± 0.97 11.65 Competitive 

16 >50 >100 ‒ ‒ 

17 >50 >100 ‒ ‒ 

18 >50 >100 ‒ ‒ 

19 >50 >100 ‒ ‒ 

20 40.81 ± 0.14 >100 ‒ ‒ 

21 >50 48.70 ± 5.50 ‒ ‒ 

22 >50 59.87 ± 5.48 ‒ ‒ 

23 >50 2.14 ± 0.09 2.01 Competitive 

24 >50 3.21 ± 0.13 3.39 Mixed 

Ursolic acid
d
 ‒ 12.00 ±  0.71 ‒ ‒ 

a
The IC50 values (μM) were calculated from a log dose inhibition curve and are expressed as mean ± SD of triplicate 

experiments. 
b
PTP1B inhibition constants (μM) of tested compounds determined using secondary plot of the slopes and y-

intercept of each linear regression of Lineweaver-Burk plot 
c
PTP1B inhibition types of tested compounds determined using 

Lineweaver–Burk plots. 
d
Positive controls. (‒) Not tested. 
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Figure 1. Structures of isolated compounds from E. prostrata. 
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Figure 2. Inhibitory effect of LPS-induced IκB and HO-1 expression in RAW264.7 cells by 

compound 9. 

 

 

 

 

 

 

 

 

 


