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1. Compounds NMR Spectra

1H NMR of compound 5 at 400 MHz (CDCl3)

13C NMR of compound 5 at 100 MHz (CDCl3)
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1H NMR of compound 6 at 400 MHz (CDCl3)

13C NMR of compound 6 at 75 MHz (CDCl3)
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1H NMR of compound 7 at 300 MHz (CDCl3)

13C NMR of compound 7 at 75 MHz (CDCl3)
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1H NMR of compound 8 at 300 MHz (CDCl3)

13C NMR of compound 8 at 50 MHz (CDCl3)
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1H NMR of compound 9 at 400 MHz (CDCl3)

13C NMR of compound 9 at 75 MHz (CDCl3)

CHO

O

O
O



7

1H NMR of compound 10 at 300 MHz (CDCl3)

13C NMR of compound 10 at 100 MHz (CDCl3)
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1H NMR of compound 11 at 400 MHz (CDCl3)

13C NMR of compound 11 at 100 MHz (CDCl3)
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1H NMR of compound 12 at 300 MHz (CDCl3)

13C NMR of compound 12 at 75 MHz (CDCl3)
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1H NMR of compound 13 at 300 MHz (CDCl3)

13C NMR of compound 13 at 75 MHz (CDCl3)
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1H NMR of compound 14 at 300 MHz (CDCl3)

13C NMR of compound 14 at 75 MHz (CDCl3)
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1H NMR of compound 15 at 400 MHz (CDCl3)

13C NMR of compound 15 at 100 MHz (CDCl3)
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of compound 16 at 400 MHz (CDCl3)

13C NMR of compound 16 at 100 MHz (CDCl3)
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1H NMR of compound 17 at 300 MHz (CDCl3)

13C NMR of compound 17 at 75 MHz (CDCl3)
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1H NMR of compound 18 at 300 MHz (DMSO-d6)

13C NMR of compound 18 at 75 MHz (DMSO-d6)
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1H NMR of compound 19 at 400 MHz (DMSO-d6)

13C NMR of compound 19 at 75 MHz (DMSO-d6)
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1H NMR of compound 20 at 300 MHz (DMSO-d6)

13C NMR of compound 20 at 75 MHz (DMSO-d6)
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1H 

NMR of compound 21 at 300 MHz (DMSO-d6)
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13C NMR of compound 21 at 75 MHz (DMSO-d6)

1H 

NMR of compound 22 at 300 MHz (DMSO-d6)

13C NMR of compound 22 at 75 MHz (DMSO-d6)
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1H NMR of compound 23 at 300 MHz (DMSO-d6)
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13C NMR of compound 23 at 75 MHz (DMSO-d6)

1H NMR of compound 24 at 400 MHz (DMSO-d6)
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13C NMR of compound 24 at 75 MHz (DMSO-d6)

1H NMR of compound 25 at 300 MHz (DMSO-d6)
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13C NMR of compound 25 at 75 MHz (DMSO-d6)

1H NMR of compound 26 at 400 MHz (DMSO-d6)
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13C NMR of compound 26 at 75 MHz (DMSO-d6)

DEPT 90 of compound 26 at 100 MHz (DMSO-d6)
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DEPT 135 of compound 26 at 100 MHz (DMSO-d6)

COSY of compound 26 at 400 MHz (DMSO-d6)
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HSQC of compound 26 at 400 MHz (DMSO-d6)

HMBC of 

compound 26 at 400 MHz (DMSO-d6)
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1H NMR of compound 27 at 400 MHz (DMSO-d6)

13C NMR of compound 27 at 75 MHz (DMSO-d6)
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1H NMR of compound 28 at 300 MHz (DMSO-d6)

13C NMR of compound 28 at 75 MHz (DMSO-d6)
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1H NMR of compound 29 at 300 MHz (DMSO-d6)

13C NMR of compound 29 at 75 MHz (DMSO-d6)
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2. Bioanalytical LC-MS/MS method for compound 26 

A Shimadzu (Shimadzu, Japan) SIL series LC system equipped with a degasser 

(DGU‐20A3), isopump (LC‐20 AD) and column oven (CTO‐10AS) along with an 

auto‐sampler (SIL‐HTc) was used to inject 20 μL aliquots of the processed samples, preceded 

with a guard column. A better chromatograph with a Thermo C18 (5µ, 4.6 X 150 mm) 

column, was obtained using methanol: 0.1 % FA in triple distilled water (80:20, v/v) at a flow 

rate 0.75 mL/min. The column oven temperature was maintained at 30 °C and the total LC 

run time was 5.0 min.

Mass spectrometric detection was performed on an API 4000 Q trap mass spectrometer 

(Applied Biosystems, Canada) equipped with an electro-spray ionization (ESI) sourcein 

positive mode. The MS/MS system was operated at unit resolution in the multiple reaction 

monitoring (MRM) mode, using ion precursor → product ion combinations of 583.3 → 466.0 

m/z for compound 451 and 180.1 → 138.1 m/z for phenacetin (IS). Compound dependant 

parameters set for GS and IS, were declustering potential (DP), 150 and 71 V; entrance 

potential (EP), 10 V for both; collision energy (CE), 47 and 23 eV; and collision exit 

potential (CXP), 10 and 12 V, respectively. The method was validated to meet the acceptance 

criteria of FDA guidance for the bioanalytical method validation.1

3. Binding Characteristics of Compound 26 with Proteins

3.1. Bovine serum albumin (BSA) interaction of compound 26.

Serum albumin forms major soluble fraction of blood and assists in blood pH stabilization 

and colloidal osmotic pressure. It reversibly interacts with diverse array of exogenous and 

endogenous compounds like various drugs / pharmaceuticals, proteins and fatty acids 

assisting their transportation and disposition to specific target site in body.2,4  Bovine serum 
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albumin (BSA) is a globular protein and monomeric BSA (66 kDa) comprising 583 amino 

acid residues. Various studies have been showed that domains and sub domains of BSA are 

established by 17 pairs of disulphide bridges. Family member proteins of serum albumin 

exhibit high degree of structural and functional homology. Beside similar chemical 

composition BSA shows around 80 % structural homology with human serum albumin.5,7  

Thus, BSA was selected as a model blood protein in current study and interaction of bioactive 

compound 26 was studied by fluorescence quenching and absorption spectroscopy.

 3.2. Intrinsic fluorescence quenching

The intrinsic fluorescence quenching has been exploited to elucidate mode of interaction 

between compounds and protein. BSA excited with 280 nm showed characteristic peak 

around 343 nm. Decrease in emission fluorescence intensities were observed with successive 

addition of compound 26 as shown in Figure 6a which was described by the Stern-Volmer 

equation:8 

F0 shows fluorescence intensity of BSA and F represents the fluorescence intensities and 

after the addition of the compound 26, KSV and Kq represent, the dynamic quenching 

constant and the quenching rate constant respectively; concentration of compound added is 

given by [Q]. 0 is the average lifetime of the molecule without quencher and its value is 

considered to be 10-8 s.9 Figure 6b shows Stern-Volmer plot indicating a linear relationship 

within the experimental concentrations.

In present study, a Ksv, 10.0× 104L mol-1 (R, 0.9989) and Kq, 10× 1012L mol-1 s-1 were 

observed for the bioactive compound 26. In current study we reported a higher Kq value 

][1][1/ QoKqQKsvFFo 
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which exceeded the maximum value of the scattering collision quenching constant (2.0 × 1010 

Lmol-1s-1) of biomolecules10 suggesting that BSA-compound 26 interaction were initiated by 

a complex formation. Beside complex formation dynamic collisions also contribute to the 

fluorescence quenching as shown by dynamic quenching constant.

We also analyzed the difference absorption spectroscopy to confirm the static complex 

formation by BSA and compound 26. The difference absorption spectrum of BSA – 

compound 26 complex and compound 26 and BSA absorption spectrum (at the same 

concentration) was found to be non superposed (Figure 7). Our results indicated that 

compound 26 form a ground state complex with BSA. Two peaks were observed with BSA 

absorption spectra and the change around 210 nm peak is thought to be due to alteration in 

the BSA peptide backbone conformation (helix coil transformation) whereas the change 

around 280 nm is associated with altered microenvironment of Trp and Tyr residues11  Our 

results indicated that compound 26 forms a ground state complex with BSA associated with 

alteration in the conformation of BSA. 

3.3. Binding constant and site  

Static quenching was studied by Modified Stern-Volmer12  equation:

   faQfaKaFFo /1][/1/ 

∆F is the change in fluorescence intensities in the BSA alone and with added compound 26 

respectively, [Q] is the concentrations of added compound 26, fa represent fraction of 

accessible fluorophoes, and Ka is the effective quenching constant, Figure 6c shows the 

Modified Stern-Volmer plots. The dependence of Fo/∆F on the reciprocal value of 

concentration [Q]-1was linear and the value of (faKa)-1 was determined from the slop of 

equation. Equation for the equilibrium in static quenching between free and bound molecules 

can be illustrated as:13
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Log (Fo-F)/F = log Ka + n log [Q] 

Where, n indicates the number of binding sites.

Binding constant (Ka) and the binding sites (n) were calculated through the plot of log (Fo-

F)/F versus log [Q] as shown in Figure 6d. We reported calculated Ka, 14.11× 104 L mol-1 (R, 

0.9963) and n, 0.94 (R, 0.9976). The association constant (Ka) calculated for the compound 

(105 L mol-1 ) indicates that the compound 26 has strong binding affinity for albumin protein 

and the number of binding sites (n=1) suggesting that the compound 26 binds with BSA at 

single high affinity binding site and ground state complex is formed.

4. Biological Materials and Methods

4.1. Animals

In vivo experiments were conducted as per the guidelines provided by the animal ethics 

committee (IAEC) of the Central Drug Research Institute, Lucknow, India. Rats (Charles 

Foster strain, male, adult, body weight 200-225 g) were kept in a room with controlled 

temperature at 25-26 °C, humidity 60- 80% and 12/12 hours light/dark cycle (light on from 

8.00 AM to 8 PM) under hygienic conditions. Animals were acclimatized for one week 

before starting the experiment. The animals had free access to the normal diet and water.

4.2. Triton induced hyperlipidemic rat model

Rats were divided into different groups- control, triton treated and triton plus coumarin-

indole hybrids of treated containing six animals in each group. In the acute experiment of 18 

hours, hyperlipidemia was developed by administration of triton WR-1339 (Sigma Chemical 

Company, St. Louis, MO, USA) at a dose of 400 mg/kg, b.w. intraperitoneally (i.p), to 

animals of all the treated groups with derivatives of coumarin-indole hybrids were macerated 

with gum acacia, suspended in water and fed simultaneously with triton at a dose of 100 

mg/kg p.o. to the animals of treated groups, diet was withdrawn. Animals of control and 

triton group without treatment with derivatives of coumarin-indole hybrids were given same 
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amount of gum acacia suspension (vehicle). After 18 hours of treatment the animals were 

anaesthetized with thiopentone solution (50 mg/kg b.w.) prepared in normal saline and 1ml 

blood was withdrawn from retro-orbital sinus using glass capillary in EDTA coated tubes (3.0 

mg/ml blood). The blood was centrifuged at 2500 x g for 10 minutes at 4°C and plasma was 

separated. Plasma was diluted with normal saline (ratio of 1:3) and used for analysis of TC, 

PL and TG by standard enzymatic methods.24 After the confirmation of most active 

compounds in primary screening we further evaluate the activity of compound 19 and 

compound 26 in same model at different doses (50, 100 & 150 mg/kg b.w). 

4.3. HFD and induced hyperlipidemic rat model

HFD was purchased from Research Diet Inc, New Brunswick USA, containing fructose (9% 

w/w), deoxycholic acid (0.45% w/w), cholesterol (0.45% w/w), powdered chow diet (64% 

w/w) and coconut oil (26% w/w). Animals were divided into four weight matched groups 

given ND and HFD; hyperlipidemia was induced in three groups by feeding them HFD for 30 

consecutive days. After induction of hyperlipidemia, Coumarin-indole derivatives and 

atorvastatin were given by oral gavage to one HFD-fed groups (HFD + Compound 26, and 

HFD + Atorvastatin group), and the same volume of the vehicle (0.2% Gum acacia) was 

given in other HFD and ND groups. After 30 days of treatment, rats were fasted over night. 

Blood was withdrawn from the retro-orbital plexus using a glass capillary in an EDTA coated 

tube (3 mg/mL blood). Thereafter, animals were sacrificed, and the liver was excised gently, 

washed with cold 0.15 M KCl, and kept at 4 °C until analysis. Blood was centrifuged to 

collect serum.

4.4. Analysis of serum biochemical parameters: (Serum lecithin cholesterol 

acyltransferase (LCAT) activity) 

Serum was fractionated into very low density lipoprotein (VLDL), low density lipoprotein 

(LDL) and high density lipoprotein (HDL) by polyanionic precipitation methods15, 16. Serums 
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as well as lipoproteins were analyzed for their TC, PL, TG and protein by standard 

procedures reported earlier.17a Aspartate transaminase (AST) and alanine transaminase (ALT) 

were determined by using commercially available kits from serum (Span Diagnostic Limited, 

Surat, India). Serum lecithin: cholesterolacetyltransferase (LCAT) activity was measured 

using method reported earlier.17b

4.5. Analysis of hepatic biochemical parameters

The liver was homogenized (10%, w/v) in cold 100 mM phosphate buffer at pH 7.2 and used 

for the assay of total lipolytic activity of LPL.18 The lipid extract of each homogenate 

prepared in CHCl3/CH3OH (2:1 v/v) was used for the estimation of TC, PL and TG.19 Human 

serum LDL was prepared and radio-labeled with I125, and the binding of this I125LDL with 

liver plasma membrane preparation was assayed as described previously.20, 21

4.6. HMG-CoA activity in vitro and in vivo

The in vitro HMG-CoA reductase assay was performed using the HMG-CoA reductase assay 

kit from Sigma Aldrich. HMG-CoA (substrate), NADPH, assay buffer and enzyme HMGR 

were supplied with the assay kit. HMG-CoA reductase activity in rat liver was measured 

from the HMG-CoA/mevalonate ratio. HMG-CoA was determined by its reaction with 

hydroxylamine hydrochloride at pH 5.5 and subsequent colorimetric measurement of the 

resulting hydroxamic acid by formation of complexes with ferric salts at 540 nm. Mevalonate 

was estimated by reaction with the same reagent but at pH 2.1. The ratio between HMG-CoA 

and mevalonate is inversely proportional to HMG-CoA reductase activity.22

4.7. Faecal bile acids test

The rat feces were collected from all experimental groups from the day of dosing over 30 

days and processed for the cholic and deoxycholic acid estimation test.23

4.8. Statistical evaluation



36

Data are expressed as the means ± SD. The statistical significance of all data was determined 

by using t-tests (two-sided) and one-way analysis of variance (ANOVA) followed by the 

Newman–Keuls test under post hoc analysis for multiple comparisons. Values of P<0.05 

were considered to denote statistical significance.

4.9. Docking of compound 26 to co-crystallized conformation of atorvastatin 

 MarvinSketch was used to draw and generate the 3D-conformation of compound 26.24, 25  

Further, compound 26 was subjected to 1000 steps of steepest descent minimization in 

UCSFChimera. Crystal structure of HMG-CoA reductase complexed with atrovastatin26 was 

used as receptor to perform docking simulation of compound using SurflexX module 

available in SybylX.27 Using co-crystallized conformation of atrovastatin, self docking was 

performed to validate the docking protocol. After validation, 30 docked conformations of 

compound 26 were generated using the same parameters. 

4.10. Stability in simulated gastrointestinal fluids 

Simulated gastric fluid (SGF) and simulated intestinal fluid (SIF) were prepared according to 

the formulation described in the 26th United Stated Pharmacopeia. Compound (10 µM) was 

incubated in SGF and SIF. Sampling were done at 0, 15, 30 and 60 min time points for the 

gastric stability experiment and at 0, 30, 60, 90, 120 min for the intestinal stability 

experiment. Reaction mixture was kept at less than 1% organic content. At each time point, 

200 µL of sample was taken and quenched with 200 µL of ice cold methanol. The 

concentration of compound 26 was determined by LC-MS/MS.

 4.11. In vitro metabolism with rat liver microsomes 

The in vitro metabolism studies were preformed in SD rat liver microsomes (RLM). The 

incubation was performed as described and all analyses were performed in triplicate.28 The 

metabolism of compound 26 in rat liver microsomes was performed in a microcentrifuge tube 

at concentrations of 10 µM. The reaction media contained 2.0 mg/mL microsomal protein, 
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1.0 mM nicotinamide adenine dinucleotide phosphate (NADPH), and 40 mM MgCl2 was 

added to Tris–HCl buffer (50 mM, pH 7.4). Reaction mixtures were incubated at 37 °C and 

total reaction volume was 2.0 mL. The incubation without addition of NADPH was used as 

negative control. Immediately after fortification of analyte into the microsomal suspension 

containing NADPH, the sampling point for t = 0 was taken, and further sampling points were 

taken at 5, 10, 20, 30, 45, 60 and 90 min. 100 µL of samples were taken and mixed with 500 

µL of ice cold methanol containing IS (400 µg/mL) in a 1.5 mL centrifuge tube. Samples 

were centrifuged at approximately 12,000x g for 15 min and 100 µL of the supernatant was 

transferred into an injection vial for LC-MS/MS analysis. The in vitro half life (t1/2, min) 

intrinsic Clearance (CLi ) and Hepatic clearance were calculated as described previously.29

In-vitro half life and intrinsic clearance was calculated using following equation:

𝑇1/2 =
0693

𝐾 (𝑚𝑖𝑛 - 1)

𝐼𝑛𝑡𝑟𝑖𝑛𝑠𝑖𝑐 𝐶𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 (𝐶𝐿int) = 𝑘 (𝑚𝑖𝑛 - 1)𝑋 
[𝑉]incubation (𝑚𝐿)

[𝑃]𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛(𝑚𝑔)

𝐻𝑒𝑝𝑎𝑡𝑖𝑐 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 (𝐶𝐿int )

= 𝐾(𝑚𝑖𝑛 - 1) ×  
[𝑉] incubation (𝑚𝐿)
[𝑃]incubation (𝑚𝑔)

× 45 (𝑚𝑔
𝑔

 𝑙𝑖𝑣𝑒𝑟) ×
𝑔𝑚 𝑜𝑓 𝑙𝑖𝑣𝑒𝑟

𝐾𝑔 𝑜𝑓𝑏𝑜𝑑𝑦 𝑤𝑡
   …

. (3)

Where [V] is the incubation volume in mL and [P] is the amount of microsomal protein in the 

incubation mixture.

4.12. In vivo Pharmacokinetics studies in male Sprague−Dawley rats 

In vivo pharmacokinetic study was performed in male Sprague−Dawley (SD) rats (n = 3, 

weight range 220−240 g) at a single oral dose of 100 mg/kg. Retro-orbital blood sampling 

was done from rats under mild ether anesthesia in microfuge tubes containing heparin as an 

anticoagulant at 0.25, 0.50, 1, 2, 4, 6, 8 and 12 h post dose administration. Plasma was 
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harvested by centrifuging the blood samples at 2000x  g for 5 min and stored at -70 ± 10 °C 

until analysis. All experiments were carried out as per the guidelines of CPCSEA. Plasma 

sample (100 μL) was processed using a protein precipitation technique employing 200 μL of 

acetonitrile as a protein precipitant, and analysis was done using LC-MS/MS method to get 

the plasma concentration−time profile. Along with the plasma samples, quality control 

samples were distributed among calibrators and unknown samples.

5. Yields of products 18-29

Entry Reactant Product Time (min.) Yield (%)a       mp (ºC)

1

 18

30 68 168-169

2

          
19

30 75 180-181

3

 20

30 73 155-156

4

21

30 65 170-171

5

22

30 75 180-181

6

23

30 66 140-142

7

24

30 69 253-254

8

25

30 69 209-210

O

O
O

NHHN

O

O
O

NHHN

NO2O2N

O

O
O

NHHN

O

O

O
O

NHHN

O

O

O

O
O

NHHN

O

O

O
O

NHHN

O

O

O

O
O

NHHN

O

O
O

NHHN

NO2O2N

O

O
O

CHO

O

O
O

CHO

O

O
O

CHO

O

O

O

O
O

CHO

O

O

O
O

CHO

O

O

O

O
O

CHO

O

O
O

CHO

O

O
O

CHO

O



39

9

26

30 65 272-273

10

27

30 69 248-249

11

28

30 75 160-161

13

29

30 76 130-131

aisolated yields.

6. HSQC correlations of compound 26
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