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Table S1: Significant correlations among measurements of the different biological activities of isatin-based Schiff bases 2a, 2b, 3a-d, 
4, 5a-c, 7a, and 7b.

Antioxidant Activity Scavenging Activity Inhibition (%) Anti-arthritic activity

IRP TAC ABTS DPPH α-amylase ACE Proteinase 
Denaturation

Inhibition of 
Proteinase

IRP - 0.000** 0.000** -0.000** 0.000** 0.000** 0.000** 0.000**

A
nt

io
xi

da
nt

 
A

ct
iv

ity

TAC 0.000** - 0.000** -0.000** 0.000** 0.000** 0.000** 0.000**

ABTS 0.000** 0.000** - -0.000** 0.000** 0.000** 0.000** 0.000**

Sc
av

en
gi

ng
 

A
ct

iv
ity

DPPH -0.000** -0.000** -0.000** - -0.000** -0.000** -0.000** -0.000**

α-amylase 0.000** 0.000** 0.000** -0.000** - 0.000** 0.000** 0.000**

In
hi

bi
tio

n
(%

)

ACE 0.000** 0.000** 0.000** -0.000** 0.000** - 0.000** 0.000**

Proteinase 
Denaturation 0.000** 0.000** 0.000** -0.000** 0.000** 0.000** - 0.000**

A
nt

i-a
rt

hr
iti

c 
A

ct
iv

ity

Inhibition of 
Proteinase 0.000** 0.000** 0.000** -0.000** 0.000** 0.000** 0.000** -

** High significant correlation at P<0.01; Yellow cell indicates a negative correlation, Green cell indicates a positive correlation.
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Table S2: Quantum chemical descriptors of the most active derivatives
Most active compoundsChemical discriptors 3b 5a 5b 5c

Total Energy (Harteree) -1332.63 -1541.58 -1273.73 -1313.04
Dipole moment (Debye) 3.82 4.79 4.98 4.56

E HOMO Ev -5.76 -5.76 -5.73 -5.69
E LUMO Ev -2.88 -2.35 -2.35 -2.33

ΔE(eV) 2.88 3.41 3.38 3.37
ӀP = – HOMO 5.756 5.76 5.73 5.69
EA = – LUMO 2.88 2.35 2.35 2.33

X (electronegativity) 4.32 4.05 4.04 4.01
ɳ (chemica hardness) 1.434 1.71 1.69 1.68
S (chemical softness) 0.696 0.586 0.59 0.59
µ (chemical potential) -4.32 -4.05 -4.04 -4.01
ω (electrophilic index) 6.49 4.81 4.83 4.78
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Molecular docking simulation

The docking simulation of the most active derivatives were performed inside the active site of α-amylase (PDB: 2QV4) and acetylcholinesterase 

AChE (PDB: 4EY7) using Molecular Operating Environment (MOE). The docking score energy is represented by binding energy (S) with 

negative values. The structure of the tested derivatives was built using chembiodraw2014, and then exported to MOE, and all hydrogen atoms 

were added. Additionally, all the structures were minimized using forcefield MMFF94X and finally saved 1–3. Moreover, all the proteins were 

downloaded from the protein data bank (https://www.rcsb.org/). For α-amylase (PDB: 2QV4), the protein contained only one selected chain, and 

all water molecules were removed as described 4,5. The hydrogen atom was added, and the protein with a co-crystallized ligand was exposed to 

minimize the energy using forcefield MMFF94X with a gradient of 0.05 Kcal/mol. Then the validation process was performed inside the active 

site where the co-crystallized ligand (acarbose) displayed binding energy S = -32.53 Kcal/mol and RMSD value of 1.13 Å. The co-crystallized 

ligand (acarbose) could form through two hydrogen bonds sidechain acceptors (His201 and Arg195), four hydrogen bonds sidechain donor 

(Glu233, His299, and Asp300), and one hydrogen bond backbone donor (Ala106). On the other hand, for acetylcholinesterase AChE (PDB: 

4EY7), chain b was selected. The active site was generated according to a standard protocol where the co-crystallized ligand (Donepezil) was 

redocked as described 6,7. It demonstrated binding energy S = -32. 42 Kcal/mol with RMSD = 0.714 Å through two arene-arene "π-π" 

interactions between the residues Trp86 and Trp286 with phenyl of N-benzylidene and phenyl of 1H-inden-1-one derivative, respectively. 

Besides, the arene-cation "π-cation" interaction between the residue amino acid (Tyr337) and NH of piperidinyl moiety and hydrophobic 

interaction that appears on the two methoxy groups
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2D structure of compound 3b inside the active site of α-amylase (PDB: 2QV4)
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3D structure of compound 3b inside the active site of α-amylase (PDB: 2QV4)
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2D structure of compound 5a inside the active site of α-amylase (PDB: 2QV4)
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3D structure of compound 5a inside the active site of α-amylase (PDB: 2QV4)
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2D structure of compound 5b inside the active site of α-amylase (PDB: 2QV4)
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3D structure of compound 5b inside the active site of α-amylase (PDB: 2QV4)
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2D structure of compound 5c inside the active site of α-amylase (PDB: 2QV4)
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3D structure of compound 5c inside the active site of α-amylase (PDB: 2QV4)
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2D structure of compound co-crystallized ligand inside the active site of α-amylase (PDB: 2QV4)
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3D structure of compound co-crystallized ligand inside the active site of α-amylase (PDB: 2QV4)
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2D structure of compound 3b inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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3D structure of compound 3b inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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2D structure of compound 5a inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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3D structure of compound 5a inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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2D structure of compound 5b inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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3D structure of compound 5b inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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2D structure of compound 5c inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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3D structure of compound 5c inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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2D structure of compound co-crystallized ligand inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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3D structure of compound co-crystallized ligand inside the active site of acetylcholinesterase (AChE) (PDB: 4EY7)
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The 13C NMR spectrum of 2a
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The 1H NMR spectrum of 2b
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The 1H NMR spectrum of 3a
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The 13C NMR spectrum of 3a
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The 1H NMR spectrum of 3b
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The 13C NMR spectrum of 3b
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The 1H NMR spectrum of 3c
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The 13C NMR spectrum of 3c
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The 1H NMR spectrum of 3d
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The 13C NMR spectrum of 3d
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The 1H NMR spectrum of 4
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The 1H NMR spectrum of 5a
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The 1H NMR spectrum of 5b
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The 13C NMR spectrum of 5b
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The 1H NMR spectrum of 5c
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The 1H NMR spectrum of 6
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The 1H NMR spectrum of 7a
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The 13C NMR spectrum of 7a
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The 1H NMR spectrum of 7b
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In vitro biological activities

Antioxidant activity

Total antioxidant capacity

Total antioxidant capacity (TAC) was determined by evaluating the green phosphate/Mo5+ complex at wavelength 695 nm using the method 

described by Prieto et al. It was expressed as mg gallic acid equivalent per gram dry weight. Briefly, 0.1 ml of the extract was combined with 1 

ml of reagent solution (0.3 N sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and incubated 

in a boiling water bath for 90 min. Then, the samples were cooled to room temperature and the absorbance was measured at wave length 695 nm 

against blank containing methanol (80%) instead of extract. Antioxidant capacity was expressed as mg gallic acid equivalent per gram dry 

weight. 

Iron-reducing power
Total iron-reducing power was assessed using the method suggested by Oyaizu as µg/mL. A high absorbance of the reaction mixture at 700 nm 

indicates a higher reducing power. In brief, 1ml of the extract (1mg/ml) was mixed with 1ml of 200 mM of sodium phosphate buffer (рH 6.6) 

and 1ml of 1% potassium ferricyanide. Consequently, the mixture was incubated at 50 °C for 20 min. followed by adding 1ml of trichloroacetic 

acid (10% w/v). The mixture was centrifuged at 2000 rpm for 10 min. The upper layer solution (2.5 ml) was mixed with 2.5 ml of double 

deionised water and 1ml of freshly prepared ferric chloride solution (0.1%). The absorbance was measured at 700 nm against blank prepared 

without adding extract. Various concentrations of ascorbic acid were used as standard. A high absorbance of the reaction mixture at 700 nm 

indicates a higher reducing power. 

DPPH radical-scavenging activity
The scavenging activity against 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) radical was assayed by calculating the median inhibitory concentration 

(IC50) according to the method suggested. The substance (antioxidant) that can donate a hydrogen atom to solution containing DPPH- can 
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reduce the stable free radical and change the color of solution from violet to pale yellow. Non reacted DPPH- radical form was quantified by 

measuring intensity of a light-purple colored DPPH methanol solution in the visible range at 518 nm against blank solution by spectroscopic 

method.

Then, the inhibition % was plotted against concentration, and from the graph IC50 was calculated.

Percent inhibition of the DPPH free radical was calculated by the following equation:

The DPPH radical scavenging activity %:  

(Control OD − sample OD/control OD) × 100

Serial concentrations spanning from 0.78 till 100 μg/mL were prepared from different samples. Two milliliter of DPPH solution (100 µM) in 

ethanol was mixed with 2 mL of sample (100µg/mL). The effective test concentrations of DPPH and the sample were 50µM and 50µg/mL, 

respectively. The reaction mixture of different dilutions, for different concentrations, was vortexed thoroughly then incubated in the dark at room 

temperature for 30 min. Thereafter, the absorbance was measured spectrophotometrically at 518 nm against blank (ethanol). For control, 2 mL of 

ethanol was added instead of sample and run simultaneously with the test. Ascorbic acid was used as positive control.

ABTS radical scavenging assay
The 2, 2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay was carried out to determine the percent of the ABTS radical 

inhibition (%) according to the method modified by Arnao et al  using ascorbic acid as standard. The stock solutions were consisting of ABTS 

solution (7 mM) and potassium persulfate solution (2.4 mM). Then, the working solution was prepared by mixing the two stock solutions in 

equal quantities and allowing them to react at room temperature in dark place for 14 h. The solution was then diluted by mixing 1 ml ABTS 

solution with 60 ml methanol to obtain an absorbance of 0.706 ± 0.01 units at 734 nm using a spectrophotometer. Fresh ABTS solution was 
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prepared for each assay. The extracts (1 ml) were allowed to react with 1 ml of the ABTS solution and the absorbance was taken at 734 nm after 

7 min using a spectrophotometer. The ABTS scavenging capacity of the extract was compared with that of ascorbic acid

Anti-diabetic activity (α-amylase inhibitory assay)
The anti-diabetic activity was assayed by α-amylase inhibitory assay according to the 3.5-dinitrosalicylic acid (DNSA) method for calculating 

the percentage of α-amylase inhibition (%) using Acarbose as a standard drug. In brief, 0.5 ml of test solution was mixed with 0.5 ml of α-

amylase solution (0.5 mg/ml) with  buffer (Na2HPO4/NaH2PO4 (0.02 M), NaCl (0.006 M) at pH 6.9) to give concentrations ranging from 25 to 

800 μg/mL. The mixture was incubated at room temperature for 10 min and 200 μL of the starch solution (1% in water (w/v) buffer 

(Na2HPO4/NaH2PO4 (0.02 M), NaCl (0.006 M) at pH 6.9)) was added. The reaction was terminated by adding 200 μL DNSA (coloring) reagent 

(12 g of sodium potassium tartrate tetrahydrate in 8.0 mL of 2 M NaOH and 20 mL of 96 mM of DNSA solution). At this time, the test tubes 

were placed in a boiling water bath (100 °C) for 10 min and the mixture was cooled to ambient temperature and was diluted with 5 mL of 

distilled water, and the absorbance was measured at 540 nm using a UV-Visible spectrophotometer.

The blank with 100% enzyme activity was prepared by replacing the plant extract with 200 μL of the buffer. A blank reaction was similarly 

prepared using the plant extract at each concentration in the absence of the enzyme solution. A positive control sample was prepared using 

acarbose and the reaction was performed similarly to the reaction with plant extract as mentioned above. Absorbance of blank (buffer instead of 

analyte and amylase solution) and control (buffer instead of extract) samples were also determined. Acarbose was used as standard drug. 

Percentage of α-amylase inhibition was calculated using the following equation: The α-amylase activity inhibition %:  

[(Abcontrol − Abcblank) − (Absample − Absblank)/( Abcontrol − Abcblank)] × 100

Where, Abcontrol: absorbance of control; Abcblank: absorbance of control blank; Absample: absorbance of sample; and Absblank: absorbance of 
sample blank.
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Anti-Alzheimer activity (acetylcholinesterase (AChE) enzyme inhibition)
The anti-Alzheimer activity was measured by calculating the percentage of acetylcholinesterase (AChE) enzyme inhibition (%) according to 

Ellman's method. The tested compounds were dissolved in a 0.1 M phosphate buffer, pH 8. To a flat bottom 96-well plate, typical run consisted 

of, 5 µl of Acetylthiocholine (ATCh) (0.5 mM), 5 µl of 5, 5’-dithiobis-2-nitrobenzoic acid (DTNB) (0.03 mM) and 5 µl of the tested samples 

solution at the different concentrations evaluated, which were mixed and incubated for 10 min at 30 oC. Then, 5 µl of AChE (0.3 U/ml) solution 

was added to the initial mixture to start the reaction and then absorbance was determined at 412 nm. A control run contained all the 

aforementioned constituents with exception of the test extract. All experiments were performed in triplicates. The concentration of the tested 

extract that inhibited the hydrolysis of substrate ATCh was determined by linear regression analysis.

Anti-arthritic activity

Protein denaturation 
The percentage of protein denaturation inhibition was calculated according to the method suggested by Lavanya et al and modified by Soni and 

Sureshkumar. All results were compared with the standard (diclofenac sodium) that was prepared according to the method described. The 

control represents 100% protein denaturation. The test control solution (0.5 ml) consists of 0.45 ml of bovine serum albumin (5% w/v aqueous 

solution) and 0.05 ml of distilled water. The product control (0.5 ml) consists of 0.45 ml of distilled water and 0.05 ml of the test solution. The 

standard solution (0.5 ml) consists of 0.45ml of bovine serum albumin (5% w/v aqueous solution) and 0.05 ml of diclofenac sodium. Various 

concentrations (100, 150, 200 mgml-1) of test solution and diclofenac sodium (standard) were taken. All the above solutions were adjusted to pH 

6.3 using 1 N HCl. The samples were incubated at 37 oC for 20 min and the temperature was increased to maintain the samples at 57 oC for 3 

min. After being cooled, 2.5 ml of phosphate buffer was added to the above prepared solutions. The absorbance was measured using a UV-

Visible spectrophotometer at 416 nm. The control represents 100% protein denaturation. The results were compared with diclofenac sodium. 

The percentage inhibition of protein denaturation can be calculated.
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Proteinase inhibitory activity
This assay was carried out by calculating the percentage of the proteinase inhibitory activity was according to the method suggested. The test 

was performed according to the modified method of Oyedapo and Famurewa. The reaction mixture (2 ml) contained 0.06 mg trypsin, 1 ml of 20 

mM Tris HCl buffer (pH 7.4) and 1 ml of the test sample of different concentrations. The mixture was incubated at 37 oC for 5 min and then 1 

ml of 0.8% (w/v) casein was added. The mixture was incubated for an additional 20 min. 2 ml of 70% perchloric acid was added to terminate the 

reaction. The cloudy suspension was centrifuged and the absorbance of the supernatant was measured at 210 nm against buffer as the blank. The 

experiment was performed in triplicate to confirm the reproducibility of the result. The percentage inhibition of proteinase inhibitory activity was 

calculated.


