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Abstract 
Coumarin, sulphonated coumarin, and biscoumarin compounds were examined for 
their effects on suppressing the adipocyte differentiation in 3T3-L1 cells. Many of 
them inhibited the adipocyte differentiation in a dose dependent manner, amongst 
them compounds (7), (28), and (33) significantly suppressed the adipogenic diffe-
rentiation, and also exhibited lipolytic effect on mature adipocytes. The active com-
pounds potentially imitate the AMP-activated protein kinase (AMPK) ligands, there- 
fore, binding of these compounds with AMPK possibly shuts down the anabolic 
pathways. Furthermore, these compounds were docked into binding pockets with 
reasonable predicted binding constants in the low micromolar range. These results 
indicate that compounds (7), (28), and (33) inhibit adipogenic development in pre- 
adipocytes, having lipolytic effect on mature adipocytes, and can be potent activators 
of human AMPK. 
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1. Introduction 
1.1. Obesity 

Obesity has become a serious health problem that constitutes the greatest threat to 
global human well-being. Many factors involve in the progression of obesity, for in-
stance, genetic variation, endocrine disorders, nutritional and medicinal changes, to 
name a few. This leads to several pathological conditions, such as diabetes, hyperten-
sion, hyper-lipidemia, and cardiovascular diseases [1]-[3]. The prevalence of obesity 
epidemic varies in different races and communities of the world, mainly associated with 
heredity, gender, dietary patterns, life style and behavior. 

Adipose tissue is one of the main connective tissues that are metabolically crucial for 
insulin sensitivity, and energy homeostasis. Its primary function is to store excess nu-
trients as triacylglycerols, and to release free fatty acids during fasting. Adipose tissues 
secrete more than 50 hormones and signaling molecules, collectively called adipokines, 
which are involved in energy homeostasis, glucose metabolism, and immunity [4], vas-
culature and metabolic changes associated with body weight change. More specifi-
cally, adipokines can exhibit either pro-inflammatory or anti-inflammatory properties, 
thereby contributing to insulin resistance. In obesity, adipocytes undergo abnormal 
growth characterized by increased numbers of fat cells (hyperplasic) or increase in adi-
pocyte volume (hypertrophic), resulted in insulin resistance, lipid and other consequent 
disorders. Pathological adipocyte growth is based on the excessive mitogenesis and dif-
ferentiation. Therefore inhibition of mitogenesis and differentiation of pre-adipocytes 
to adipocytes can prevent the initiation and progression of obesity [5]. With recogni-
tion of the epidemic of obesity, the need of effective treatments is increasing day by day 
in order to improve the quality of life because it is a degenerative disease, for which 
none of the current medications provide a cure. Thus, when treatment is stopped, pa-
tients regain body weight since the disease is still present. Only five new drugs have 
been registered over the last fifteen years, namely, dexfenfluramine (Redux®), sibutra-
mine (Meridia®, Reductil®), orlistat (Xenical®) and rimonabant (Acomplia®), for the 
treatment of obesity. The antiobesity drug candidates in different phases of clinical 
trials include the centrally-acting monoaminergic food intake regulators (tesofensine, 
ATHX-105 and PRX-0703), hypothalamic neuropeptides (obinepitide), gut hormones 
(TKS 1225), and various combination products (empatic®, contrave® and pramlintide/ 
metreleptin) [6]-[8]. Besides the pharmacological treatment, the emphasis is now on 
behavior therapy, as adjunct therapy, that aims to modify the dietary habits and seden-
tary life style. It has been reported that some drugs have a potential to target metabolic 
pathways of adipocytes, liver and skeletal muscles in preclinical trials, but none has yet 
reached to the clinical trials. 

1.2. Coumarin and Biscoumarin 

Coumarins represent an important class of natural, and synthetic analogues of oxygen 
containing heterocycles. They have a typical benzopyrone structure with rich electron 
and good charge transport properties [9]. Coumarin backbone is extensively applied to 
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synthesize diverse functional molecules for biological diagnosis, and as probes. A great 
deal of work has been directed not only towards the purification of naturally occurring 
coumarins from a variety of plants, animals, and microorganisms, but also towards the 
synthesis of coumarin analogues with novel structures and properties [10]-[12]. Cou-
marins and their derivatives as pharmacophores have attracted intense interest. These 
compounds have the ability to engage in non-covalent interactions (hydrophobic, π-π, 
and electrostatic interactions as well hydrogen bonding, metal coordination, van der 
waals forces etc.) with various active sites in bimolecules, and thus display a wide range 
of biological activities, such as anticoagulant [13], antineurodegenerative [14], antioxi-
dant [15], anticancer [16], anti-inflammatory, anti-diabetes, antidepresive [15], antimi-
crobial efficacies [17], etc. 4-hydroxycoumarin derivatives of natural or synthetic origin 
has attracted much interest in several fields [18]-[20]. These compounds are reported to 
have diverse biological activities, such as coagulant, insecticidal, antihelmintic, hypnotic, 
HIV protease inhibition, and antifungal activities [21]-[24]. Biscoumarin (a 4-hydrox- 
ycoumarin dimer), another important class, has attracted great interest due to the no-
velity of its molecular structures and diverse biological properties. The presence of two 
intramolecular hydrogen bonds, and different substituents on the central linker methy-
lene enables it to interact with various enzymes and receptors through weak bond inte-
raction, thus exhibit versatile biological activities, for instance, antifungal, anti HIV, an-
ticancer, antithrombotic, anticoagulant, antimicrobial and antioxidant [25]-[32], urease 
inhibitory [33], cytotoxicity and enzyme inhibitory activities [34]-[36]. In conclusion, 
coumarin derivatives in general, and biscoumarins, in particular, have received consi-
derable attention because of their biological importance and numerous pharmacologi-
cal activities. 

2. Experimental 
2.1. Materials 

Swiss albino mouse 3T3-L1 fibroblast (CL-173) cells were purchased from the Ameri-
can Type Culture Collection (Manassas, VA, USA), while 3T3-NIH mouse fibroblast 
cells were obtained from Aga Khan University Hospital, Karachi, Pakistan. Fetal bovine 
serum (FBS) was purchased from Invitrogen (Grand Island, NY, USA) and Biowest 
(9871-5244). DMSO (≥99% purity), ethanol (99.5% pure absolute and non denatured 
alcohol), methanol (≥99% purity), isopropanol, 3-isobutyl-1-methylxanthine (IBMX), 
dexamethasone (DEX), insulin, penicillin (1000 U/mL), streptomycin (1000 U/mL), so-
dium bicarbonate, sodium hydroxide, curcumin (≥94 purity), epigallocatechin gallate 
(EGCG, ≥95 purity), and RIPA buffer were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). DMEM (Dulbecco modified Eagle medium), DMEM-F12 (Dulbecco mo- 
dified eagle medium, nutrient F-12), phosphate buffer saline (PBS), and penicillin/ 
streptomycin were purchased from GIBCO BRL Life Technologies (Gaithersburg, MD, 
USA). Cell titer blue was purchased from Promega (Madison, UI, USA), while trypsin- 
EDTA was obtained from Hyclone (Logan, UT). Oil red O was purchased from Sigma- 
Aldrich (St. Louis, MO, USA). Protease inhibitor, phosphatase inhibitor, bovine serum 
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albumin (F-V), nitrocellulose membranes, western blot filter papers, nitrocellulose 
membrane (0.45 µm, 8 cm × 12 cm), stripping buffer, and modified Lowry protein as-
say kit (P-123240) were purchased from Pierce, Life Technologies (Thermo Fischer 
Scientific Corporation, CA, USA). Other reagents used in the western blot i.e., glycine, 
trisbase, sodium chloride, tween-20, TEMED (N,N,N’,N’-tetramethylenediamine), am-
monium per sulfate (APS), and sodium dodecyl sulfate (SDS) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Primary antibody (SCD-1, C12H5, Rabbit, mAm), 
and secondary antibody (FITC Alexa-labeled secondary anti-rabbit) was purchased 
from Cell Signaling Technology (Danvers, Ma, USA). Chemiluminescent blue pres-
tained Mol. Wt. Marker mix (No. 26651, 18 - 220 KDa) was purchased from Pierce Life 
Technologies (Thermo Fischer Scientific Corporation, CA, USA). Polystyrene culture 
flasks (canted neck and filtered caps), stretop filters (0.22 µm, PVDF, non-pyrogenic, 
and stripettepipets were purchased from Corning (NY, USA). Syringe filters (0.22 µm, 
PVDF) were obtained from Millipore (Massachusetts, USA). Tissue treated plates (96- 
well, flat bottom) were purchased from Orange Scientific Company (Braine-l’ Allued, 
Belgium), while 24- and 6-well plates were purchased from Jet Biofilm (China, Cat. No. 
TCP 011006 and TCP 011024, respectively). 

2.2. In Vitro Assays 
2.2.1. Antiadipogenesis Assay 

1) Method 
The antiadipogenic effect of test compounds was evaluated by using the in vitro adi-

pogenesis assay on 3T3-L1. 3T3-L1 mouse embryo fibroblasts pre-adipocytes were 
obtained from American Type Culture Collection (Manassas, VA, USA). Cells were 
grown in Dulbecco’s modified eagle medium-F-12 (DMEM F-12) containing 10% fetal 
bovine serum (FBS) and 2% antibiotic (pencillin/streptomycin), incubated at 37˚C in a 
humidified 5% CO2 atmosphere until 70% - 80% confluency. Cell suspension (2 × 103 
cells/mL) was seeded in the 96-well plate and incubated for confluency. Two days of 
post confluency, the cells were stimulated to differentiate with DMEM-F-12 containing 
10% fetal bovine serum (FBS), 5 μg/mL insulin, 0.5 mM 3-isobutyl-1-methylxanthine, 
and 0.25 mM dexamethasone for 96 h, at which time >90% of cells were mature adipo-
cytes with accumulated fat droplets. Compounds were dissolved in dimethylsulfoxide 
and added to cell culture medium at concentrations of 50, 20, 15, 10, 5 μg/mL. The final 
concentration of dimethylsulfoxide was 0.001%. After 4 days of induction of differen-
tiation medium, the medium was replaced with insulin medium (10% DMEM contain-
ing insulin). On day 6, the medium was changed with regular medium. Two days later, 
cell monolayer was washed with PBS and fixed with 10% formalin in PBS. Intracellular 
lipid contents were measured by staining the cells with Oil Red O. After 20 minutes, 
dye was aspirated and the absorbance was measured at 520 nm using Microplate Spec-
tra Max 340 (Molecular Devices, CA, USA). At the end, IC50 values were calculated, 
and all experiments were performed in triplicate. Curcumin and epigallocatechin gal-
late were used as standards in this assay. 
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2) 3T3-L1 Cell Culture 
B3T3-L1 Pre-adipocyte cell line was obtained from ATCC (American Type Culture 

Collection, Rockville, MD, USA). Cells were cultured in DMEM-F12 (Dulbecco mod-
ified eagle medium, nutrient F12), with 10% fetal bovine serum (FBS), 100 1U/mL pe-
nicillin, 100 μg/mL streptomycin and 2 mM glutamax. Cells were incubated at 37˚C 
with 5% CO2. Cells were examined under a phase contrast microscope, when cells 
reached 80% of confluence in culture flask, the medium was removed, and the cells 
were rinsed twice with PBS (Without Ca and Mg). Washing solution was replaced with 
1 - 2 mL trypsin EDTA solution for 2 - 3 minutes until the cells were completely de-
tached. The cell suspension was centrifuged at 1200 rpm and 25˚C for 10 minutes, cell 
pellet was resuspended in complete medium, and the number of cells was counted by 
using hemocytometer. Preparation of cells for assay: Fresh cultured cells were used for 
the test. Cell suspension 3T3-L1 (2 × 103 cells/mL) was prepared for seeding the 96-well 
plate. 100 μL of cell suspension was dispensed in each well of the 96-well plate, and 
placed in the incubator for 24 hours (37˚C, 90% humidity, 5% CO2 air). Plates were 
examined under the microscope to assure the even growth all across the micro titer 
plates. Preparation of test compounds: The test compounds were prepared immediately 
prior to use in aseptic condition. Stock solution was made with 0.5 mg/mL in 0.001% of 
DMSO. 

3) Oil Red O Staining 
3T3-L1 adipocytes were washed with PBS, fixed with 10% formalin in PBS for 1 hour, 

and then stained with Oil Red O (six parts of 0.6% Oil Red O in isopropanol and four 
parts of water) for 20 minutes. Excessive stain was removed by washing with deionized 
water three times, and the stained cells were dried and then oil droplets were dissolved 
in 100 μL of isopropanol, and quantified by measuring the absorbance at 520 nm. The 
method has been followed as described by Ejaz A. [37]. Briefly, IC50 Values were cal-
culated by using EZ-Fit enzyme kinetics program (Perellela Scientific, Inc., Amherst, 
Massachusetts, USA). 

4) Protein Extraction and Western Blot 
In order to determine the changes in the protein expression of enzymes involved in 

adipogenesis, cells were washed with ice cold PBS and scrapped with the RIPA lysis 
buffer (150 mM sodium chloride, 1.0% NP-40 or Triton X-100, 0.5% sodium deoxy-
cholate, 0.1% sodium dodecylosulphate, 50 mM Tris). The supernatant was centrifuged 
at 15,000 g for 15 minutes at 4˚C. The protein concentration was measured by modified 
Lowry protein assay. The western blotting was performed using SCD-1, antibody in-
volved in fatty acid metabolism. The expression of SCD-1 was normalized with β-actin 
expression. The membranes were scanned by using Versa Doc Scanner, and calcula-
tions and correction of bands were done by Image Studio Lite software (LI-COR, Bios-
ciences, Lincoln, Nebraska, USA). 

2.2.2. Cytotoxicity Assay (MTT Assay) 
1) Method 
The cell growth inhibitory effect of test compounds was determined by using the 
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MTT assay on 3T3-NIH. For the assay, cells were grown in DMEM containing 10% FBS 
and 2% antibiotic (Penicillin/streptomycin), maintained at 37C with 5% CO2 level for 
24 hours incubation to allow for cell adherence. Various concentrations of sample (50, 
25, 12.5 μg/mL) were added into the well and incubated for 48 hours. A 50 μL MTT (3- 
(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium bromide) (2 mg/mL) were added 
to the well, 4 hours before the end of incubation. Medium and reagents were aspirated 
and 100 μL DMSO was added and mixed thoroughly for 15 minutes to dissolve the 
formazan crystals. The absorbance was measured at 570 nm using microplate Spectra 
Max 340 (Molecular Devices, CA, USA). At the end, IC50 values were calculated and at 
least three independent experiments were carried out for each sample. Cycloheximide 
was used in this assay as a positive control. 

2) 3T3-NIH Cell Culture 
3T3-NIH Cell line was obtained from Aga Khan University Hospital, Karachi, Pakis-

tan. Cells were cultured in Dulbecco modified eagle medium (DMEM), with 10% fetal 
bovine serum (FBS), 100 1U/mL penicillin, 100 μg/mL streptomycin and 2 mM gluta-
max. Cells were incubated at 37˚C with 5% CO2. Cells were examined on a daily basis 
for checking the confluency, under a phase contrast microscope. When the cells reached 
80% of confluence in culture flask, the medium was removed, and the cells were rinsed 
twice with PBS (Without Ca and Mg). Washing solution was replaced with 1 - 2 mL 
trypsin EDTA solution for 2 - 3 minutes until the cells were completely detached. The 
cell suspension was centrifuged for 10 minutes at 1200 rpm and 25˚C. The cell pellet 
was resuspended in complete medium, and the number of cells was counted by using 
hemocytometer. Preparation of cells for assay: Fresh cultured cells were used for the 
test. Cell suspension of 3T3-NIH (1 × 105 cells/mL) was prepared for seeding the 
96-well plate. 100 μL of cell suspension was dispensed in each well of the 96-well tissue 
culture microtiter plate, and placed in the incubator for 24 hours (37˚C, 90% humidity, 
5% CO2 air). Plates were examined under the microscope to assure the even growth all 
across the microtiter plates. Preparation of test compounds: The test compound solu-
tions were prepared immediately prior to use in aseptic condition. Stock solution was 
made with 0.5 mg/mL in 0.01% of DMSO. 

3. Results 
3.1. Chemistry 

Considerable increase of attention towards the synthesis of coumarins and their deriva-
tives has been seen in last few decades. Pechmann reaction is an acid catalyzed and high 
yielding method among the various reported methods in literature. Coumarin deriva-
tives 1 - 24 were synthesized by Khan et al. by adopting following two methods as re-
ported earlier [12]. 
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The synthesis of sulfonated coumarins 25-30 was carried out by reacting 7-hydroxy 

substituted coumarin derivatives (v) with the substituted sulfonyl chlorides (vi) in the 
presence of triethyl amine at room temperature, and tetrahydrofuran (THF) was used 
as solvent. The reaction proceeding was checked by monitoring TLC and crystallized 
from methanol. 
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The synthesis of biscoumarins 31-38 was done by reacting two moles of 4-hydrox- 
ycoumarin (viii) with one mole of aldehyde (ix) in ethanol at room temperature in the 
presence of catalytic amount of piperidine to afford excellent yields [33]. 
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3.2. In Vitro Antiadipogenesis Assay and Evaluation of Cytotoxic Effect  
of Test Compounds by MTT Assay 

3.2.1. Coumarins 
The inhibitory activity of compounds (1 - 24) on adipocyte differentiation was eva-
luated by in vitro antiadipogenesis assay. The basic structure of the coumarins is shown 
in Scheme 1. 

Among the various coumarins tested, compounds (7) [7,8-dihydroxy-4-methyl-2H- 
chromen-2-one] (5) [7-hydroxy-4,8-dimethyl-2H-chromen-2-one] showed the most 
potent activity, followed by compounds (10), (11), and (14). Compounds (10) [ethyl6, 
8-dichloro-2-oxo-2H-chromene-3-carboxylate], (11) [7-hydroxy-4-methyl-2H-chromen- 
2-one], and (14) [2-oxo-2H-chromen-3-carboxamide] showed a good inhibitory effect 
on differentiation of adipocytes with IC50 values of 37.79, 26.46, and 29.61 µM respec-
tively. 
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Scheme 1. Basic skeleton of coumarins. 

 
The absence of second hydroxyl group at C-8 in compound (11) decreases the activ-

ity as compared to compound (7), while the substitution of –CONH2 at C-3 in com-
pound (14) increases the inhibitory effect to some extent, as compared to compound 
(7). These compounds were found to be non cytotoxic in the MTT assay. Compounds 
(9) [3-acetyl-8-methoxy-2H-chromen-2-one], (1) [4-hydroxy-6-methyl-2H-chromen-2- 
one], (21) [ethyl-8-ethoxy-2-oxo-2H-chromene-3-carboxylate], (24) [3-acetyl-6-methoxy- 
2H-chromene-2-one], (10) [ethyl 6,8-dichloro-2-oxo-2H-carboxylate], and (8) [7-hydroxy- 
8-methyl-2H-chromen-2-one] showed a moderate anti-adipogenic activity. Other com-
pounds of this series showed low to weak inhibitory activity. The compounds of this 
series found to be non-cytotoxic, except compound (18). Interestingly compound (12) 
showed low IC50 value in antiadipogenesis assay, not only due to inhibitory effect but 
also loss of cell adherence quickly. Further studies on different parameters for this 
compound are under way (Table 1). 

3.2.2. Sulphonated Coumarins 
Antiadipogenic activity of compounds (25 - 30), and standards i.e. curcumin and epi-
gallocatechin gallate were determined by in vitro adipogenesis assay. The basic skeleton 
of sulphonated coumarins is shown in Scheme 2. Antiadipogenic activity: The adipo-
genic inhibitory effect of sulphonated biscoumarins along in comparison to the stan-
dards was in the order of EGCG > Curcumin > compounds (28) > (30) > (29) > (25) > 
(26) > (27) as shown in Table 2. 

3.2.3. Biscoumarins 
The inhibitory activity of compounds (31 - 38) on adipocyte differentiation was eva-
luated by in vitro antiadipogenesis assay. The basic skeleton of biscoumarins is shown 
in Scheme 3. Hence in in vitro screening of three pharmacologically important classes, 
several compounds i.e., (5), (7), (11), (12), (14), (28), and (33) showed a significant in-
hibitory effect on adipogenic differentiation (Tables 1-3). It was also observed that 
these compounds also have lipolytic effect on mature adipocytes (see Figure 1 and 
Figure 2). In order to further investigate the effect of these compounds at the molecular 
level, compounds (5), (7), (11), and (33) were examined for mRNA levels of genes  
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Table 1. Antiadipogenesis and MTT assay (IC50 values in µM) of compounds (1 - 24), and standards. 

Compounds      Antiadipogenesis MTT 

IUPAC Name R1 R2 R3 R4 R5 IC50 ± SEMa IC50 ± SEMa 

4-Hydroxy-6-methyl-2H-chromen-2-one (1) H H CH3 OH H 40.23 ± 0.02 NA¥ 

3-Hydroxy-2H-chromen-2-one (2) H H H H OH >100 NA¥ 

6-Methyl-2H-chromen-2-one (3) H H CH3 H H >100 NA¥ 

7-Methoxy-2H-chromen-2-one (4) H OCH3 H H H >100 NA¥ 

7-Hydroxy-4,8-dimethyl-2H-chromen- 
2-one (5) 

CH3 OH H CH3 H 23.74 ± 0.03 NA¥ 

3-Chloro-7,8-dihydroxy-4-methyl-2H-  
chromen-2-one (6) 

OH OH H CH3 Cl 62.29 ± 0.03 cytotoxic 

7,8-Dihydroxy-4-methyl-2H-chromen- 
2-one (7) 

OH OH H CH3 H 13.63 ± 0.02 NA¥ 

 
Compounds      Antiadipogenesis MTT 

IUPAC Name R1 R2 R3 R4 R5 IC50 ± SEMa IC50 ± SEMa 

7-Hydroxy-8-methyl-2H-chromen-2- 
one (8) 

CH3 OH H H H 48.59 ± 0.03 NA¥ 

3-Acetyl-8-methoxy-2H-chromen-2-one (9) OCH3 H H H COCH3 39.54 ± 0.03 NA¥ 

Ethyl-6,8-dichloro-2-oxo-2H-chromen- 
3-carboxylate (10) 

Cl H Cl H COOC2H5 37.79 ± 0.03 NA¥ 

7-Hydroxy-4-methyl-2H-chromen-2-one (11) H OH H CH3 H 26.46 ± 0.03 NA¥ 

7-Ethoxy-4-methyl-2H-chromen-2-one  
(12) 

H OC2H5 H CH3 H 8.0 ± 0.03 NA¥ 

3-Acetyl-2H-chromen-2-one (13) H H H H COCH3 62.12 ± 0. 3 NA¥ 

2-Oxo-2H-chromen-3-carboxamide  
(14) 

H H H H CONH2 29.61 ± 0.015 NA¥ 

6-Bromo-2-oxo-2H-chromen-3-  
carboxamide (15) 

H H Br H CONH2 53.15 ± 0.03 NA¥ 

8-Methoxy-2-oxo-2H-chromen-3- 
carboxamide (16) 

OCH3 H H H CONH2 92.10 ± 0.03 NA¥ 

8-Ethoxy-2-oxo-2H-chromen-3-  
carboxamide (17) 

OC2H5 H H H CONH2 >100 >30 

8-Ethoxy-3(4-nitrophenyl)-2H-  
chromen-2-one (18) 

OC2H5 H H H Ph-NO2 >100 >30 

Ethyl-8-methoxy-2-oxo-2H-chromen-3-  
carboxylate (19) 

OCH3 H H H COOC2H5 >100 NA¥ 

3-Acetyl-8-ethoxy-2-oxo-2H-chromen-2 
-one(20) 

OC2H5 H H H COCH3 50.0 ± 0.01 NA¥ 

Ethyl-8-ethoxy-2-oxo-2H-chromen-3-  
carboxylate (21) 

OC2H5 H H H COOC2H5 44.38 ± 0.04 NA¥ 

6-Methoxy-2-oxo-2H-chromen-3-  
carboxamide (22) 

H H OCH3 H CONH2 62.87 ± 0.02 NA¥ 

6-Methoxy-3(4-nitrophenyl)-2H-  
chromen-2-one (23) 

H H OCH3 H Ph-NO2 >100 >30 

3-Acetyl-6-methoxy-2H-chromen-2-one (24) H H OCH3 H COCH3 46.32 ± 0.02 NA¥ 

Antiadipogenesis assay: Standards IC50 (µM) ± SEM values: Curcumin = 18.89 ± 1.75, EGCG: 16.34 ± 0.66, aSEM: standard error of means of three experiments. 
MTT assay: Standard IC50 (µM) ± SEM values: Cycloheximide = 0.26 ± 0.12, aSEM: standard error of means of three experiments, ¥NA: not active. 
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Scheme 2. Basic skeleton of sulphonated coumarins. 

 

 
Scheme 3. Basic skeleton of biscoumarins. 

 
Table 2. Antiadipogenesis and MTT assay (IC50 values in µM) of compounds (25 - 30), and standards. 

Compounds      Antiadipogenesis MTT 

IUPAC Name R1 R2 R3 R4 R5 IC50 ± SEMa IC50 ± SEMa 

6-Chloro-4-methyl-2-oxo-2H-chromen-7-yl-2- 
nitrobenzene sulphonate (25) 

H H NO2 Cl CH3 58.14 ± 0.05 NA¥ 

6-Chloro-4-methyl-2-oxo-2H-chromen-7-yl-  
3-nitrobenzene sulphonate (26) 

H NO2 H Cl CH3 >100 >30 

6-Chloro-4-methyl-2-oxo-2H-chromen-7-yl-  
4-methoxybenzene sulphonate (27) 

OCH3 H H Cl CH3 >100 >30 

6-Chloro-4-methyl-2-oxo-2H-chromen-7-yl-  
4-chlorobenzene sulphonate (28) 

Cl H H Cl CH3 23.16 ± 0.01 NA¥ 

4-Methyl-2-oxo-2H-chromen-7-yl-4-chloro-  
3-nitrobenzene sulphonate (29) 

Cl NO2 H H CH3 40.74 ± 0.02 cytotoxic 

4-Methyl-2-oxo-2H-chromen-7-yl-4-nitrobenzene 
sulphonate (30) 

NO2 H H H CH3 37.4 ± 0.03 >30¥ 

Antiadipogenesis assay: Standards IC50 (µM) ± SEM values: Curcumin = 18.89 ± 1.75, EGCG: 16.34 ± 0.66, aSEM: standard error of means of three experiments. 
MTT assay: Standard IC50 (µM) ± SEM values: Cycloheximide = 0.26 ± 0.12, aSEM: standard error of means of three experiments, ¥NA: not active. 
 

involved in adipocyte differentiation and lipid synthesis in 3T3-L1 pre-adipocyte cells 
by western blot analysis (Figure 3). This was based on the previous report that the mRNA 
level of sterol-regulatory element-binding protein-1c (SREPB-1c) and stearoyl-CoA 
desaturase-1 (SCD-1, the major regulators of lipogenesis), is markedly increased by  
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Table 3. Anti-adipogenesis and MTT assay (IC50 values in µM) of compounds (31 - 38), and standards. 

Compounds       Antiadipogenesis MTT 

IUPAC Name R1 R2 R3 R4 R5 R6 IC50 ± SEMa IC50 ± SEMa 

3,3’-((4-Methoxyphenyl)methylene)- 
bis (6-chloro-4-hydroxy-2H-chromen-2-one) (31) 

Cl H OCH3 H H Cl >100 NA 

3,3’-((4-Methoxyphenyl)methylene)-bis  
(4-hydroxy-6-methyl-2H-chromen-2-one) (32) 

CH3 H OCH3 H H CH3 >100 NA 

3,3’-((2-Nitrophenyl)methylene)-bis 
(4-hydroxy-6-methyl-2H-chromen-2-one) (33) 

CH3 H H H NO2 CH3 23.26 ± 0.04 NA 

3,3’-((3,4-Dimethoxyphenyl)methylene)-bis 
(6-chloro-4-hydroxy-2H-chromen-2-one) (34) 

Cl H OCH3 OCH3 H Cl 50 ± 0.03 NA 

3,3’-((3-Hydroxyphenyl)methylene)-bis  
(4-hydroxy-6-methyl-2H-chromen-2-one) (35) 

CH3 H H OH H CH3 >100 NA 

3,3’-((4-Methylthiophenyl)methylene)-bis  
(4-hydroxy-6-methyl-2H-chromen-2-one) (36) 

CH3 H SCH3 H H CH3 35.53 ± 0.02 NA 

3,3’-((3,4,5-Trimethoxyphenyl)methylene)-bis 
(4-hydroxy-6-methyl-2H-chromen-2-one) (37) 

CH3 OCH3 OCH3 OCH3 H CH3 56.58 ± 0.03 NA 

3,3’-((3,4-Dimethoxyphenyl)methylene)-bis 
(4-hydroxy-6-methyl-2H-chromen-2-one) (38) 

CH3 H OCH3 OCH3 H CH3 >100 NA 

Antiadipogenesis assay: Standards IC50 (µM) ± SEM values: Curcumin = 18.89 ± 1.75, EGCG: 16.34 ± 0.66, aSEM: standard error of means of three experiments. 
MTT assay: Standard IC50 (µM) ± SEM values: Cycloheximide = 0.26 ± 0.12, aSEM: standard error of means of three experiments, ¥NA: not active. 
 

 
Figure 1. Inhibitory effect of fat accumulation in 3T3-L1 cells by standards and test compounds 
(7), (5), (10), (11), (12), and (14) along with positive and negative control.3T3-L1 fibroblasts were 
incubated with standards (curcumin and epigallocatechingallate) and test compounds (7), (5), 
(10), (11), and (14). Microscopic images of Oil Red O staining of adipocytes were obtained at Day 
8 of differentiation, Magnification: 40×. 
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Figure 2. Inhibitory effect of fat accumulation in 3T3-L1 cells by standards and test compounds 
(33), (36), (34), and (37) along with positive and negative control. 3T3-L1 fibroblasts were incu-
bated with standards (curcumin and epigallocatechingallate) and test compounds (33), (36), (34), 
and (37). Microscopic images of Oil Red O staining of adipocytes were obtained at Day 8 of dif-
ferentiation, Magnification: 40×. 

 

 
(a)                                          (b) 

Figure 3. (a): Effect of compounds (5), (7), (11), and (33) on expression of SCD-1, (b): dose 
dependent effect of compound (7). 

 
MDI (Mixture of Differentiation Inducers). SCD-1 was shown to be essential for the 
onset of diet-induced body weight gain. Compound (7) remarkably down regulated the 
expression of SCD-1 in a dose dependent manner. Compound (5) also significantly 
suppressed the expression of SCD-1, while compound (33) suppressed the expression 
of SCD-1 to a lesser extent, and compound (11) did not show any suppressive effect 
(Figure 3). Hence it can be concluded that compound (7) [7,8-dihydroxy-4-methyl- 
2H-chromen-2-one] showed a remarkable inhibition of adipocyte differentiation, lipo-
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lytic effect, and non cytotoxic effect, and was capable of suppressing the SCD-1 expres-
sion, a key lipogenic enzyme (Figure 3). Thus, it will be of interest to further study this 
compound at molecular level and to evaluate its effect on adiposity in in vivo model. 
The efficacy of the compounds (7) [7,8-dihydroxy-4-methyl-2H-chromen-2-one], (11) 
[7-hydroxy-4-methyl-2H-chromen-2-one], and (33) [3,3’-((2-Nitrophenyl)methylene)- 
bis (4-hydroxy-6-methyl- 2H-chromen-2-one)] could be tested against other key lipo-
genic enzymes, e.g. ACAT (acetyl-CoA acetyl transferases), DGAT (diglyceride acyl 
transferases) etc. This will provide further insight into practical approaches towards 
discovering new drugs against obesity disorders. 

4. Discussion 
Possible Mechanism of Active Coumarin via AMPK Activation 

The active compounds (7), (28), and (33) potentially imitate the AMPK ligands. It is 
assumed that when these compounds bind with AMPK, they possibly shut down the 
anabolic pathways, as shown in Figure 4. In response, the catabolic pathways down- 
regulate the activity of key enzymes of intermediary metabolism. Fatty acid oxidation is 
enhanced by regulating the concentration of malonyl coenzyme A (MCA) through 
phosphorylation of acetyl-CoA carboxylase (ACC). MCA has an inhibitory effect on 
carnitine palmitoyl transferase-1 (CPT-1). In adipose tissues, these changes are asso-
ciated with decrease in the activity of glycerol-3-phosphate acyltransferase (GPAT). In 
addition to increasing fatty acid oxidation, activation of AMPK in adipose tissue de-
creases the fatty acid esterification through inhibition of GPAT activity. Therefore, the 
activation of AMPK leads to the inhibition of cytosolic accumulation of lipids in adi-
pocytes. It also regulates the ligand activated transcriptional factor peroxisome prolife-
rator-activated receptors gamma which is the central regulator of adipogenesis and en-
hances lipid storage in adipocytes as seen in Figure 4. 

In order to further investigate the possibility of the basic coumarins, sulphonated 
 

 
Figure 4. A schematic diagram that depicts the probable biochemical 
pathway to decreased fatty acid esterification. 
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coumarins, and biscoumarins activating AMPK, comparative docking studies using 
Autodock [38], were performed with the 3 dimensional coordinates from the Protein 
Data Bank (PDB) of human AMPK. As shown in Figure 5, PDB code 2YA3 [39] and 
PDB code 4CFF [40] of human AMPK were co-crystallized with coumarin-ADP, 

 

              
(a)                                                                      (b) 

        
(c)                                                                  (d) 

 
(e) 

Figure 5. A docking results from Autodock [38] automated docking program of adipogenesis inhibitory compounds tested in the anti- 
adipogenesis assay (7), (28), and (33). These compounds were docked into the binding pockets of AMPK PDB codes 2YA3 [39] and 4CFF 
[40]. (a) and (b) 2YA3 [39], middle (c) and (d) and lower panels (e) are 4CFF [40]. In (a), (c), and (e), compounds (7), (28), and (33) are 
replacing the original co-crystallized small molecule activators coumarin-ADP, STU (Staurosporine), and C1V (a thienopyridone deriva-
tive) respectively.  



F. Mukhtar et al. 
 

166 

C1V(3-[4-(2-hydroxyphenyl) phenyl]-4-oxi-danyl-6-oxidanylidene-7H-thieno [2,3-b] 
pyridine-5-carbonitrile, and staurosporine, respectively. The compounds (7), (28), and 
(33) were docked into the binding pockets with reasonable predicted binding constants 
in the low micromolar range. 

Taken together these results suggest that these compounds are potent activators of 
human AMPK (Figure 5). 
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