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Abstract:- A novel Schiff base ligand was obtained by the reaction of p-anisidine (4-methoxy aniline) and 3-
ethoxy salicylaldehyde (3-ethoxy-2-hydroxy benzaldehyde) and their complexes with the metal Ni ™" and Zn **
were obtained. Characterization of the ligand and metal complexes were done by elemental analysis, molar
conductance and magnetic susceptibility measurements and spectroscopies methods.

Furthermore, the in vitro & in silico activity of the ligand and its metal complexes was assessed by different
biological assays. The results of the study show that the binding energies are (-96.9 -110.09 kcal/mol) in trypsin
activity. Among them, 5(c) compound had the least energy values, which suggests the most stable binding. In the
process of pepsin docking, the binding energies are -67.9 to -73.4 kcal/mol, 5(b) having the best binding ability.
In the case of lipase, the binding energy of compounds is -77.5 to -99.115 kcal/mol, where 5(c) exhibited the best
affinity. The docking results shows good binding energies together with the establishment of strong intermolecular
interactions, such as hydrogen bonding and hydrophobic contacts, which comprise the main features of enzyme
ligand binding. The results of these computations study (Insilco) show a good correlation with the in-vitro
laboratory results.
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1. Introduction

Organic reaction refers to condensation of two or more molecules to give new compounds which have specific
biological behaviors. These reactions are commonly employed in the design of drugs (1). The synthesis of Schiff
bases is due to condensation reactions that occur between primary amines and ketones or aldehydes which are
formed under certain conditions. Due to their various industrial and catalytic applications, broad spectrum of
biological activities, and ability to stabilize metal ions in different oxidation states, Schiff bases have attained a
great significance (2, 3). The formation of nitrogen bond with metals provides a stable complex since after
bonding, the nitrogen atom has a lone pair of electrons on the imine linkage (N=CH) (4, 5). These stable
complexes, which have profound influence on bio-inorganic, supramolecular chemistry, molecular magnetism,
and various vital biological processes, have garnered a lot of attention (6, 7). Besides having an antibacterial
antiviral, antifungal and antienzymatic activity, imine complexes possess a wide range of biological properties
(8). Moreover, they might be also applied in enzyme immobilization (9, 10).

The digestive enzymes are proteins which play a major role in the process of digestion. They promote to break
down complex food molecules to simple and more absorbable forms to be used in the energy production and other
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processes. Some of the enzymes like amylase, trypsin, lipase, and pepsin are vital in facilitating the digestion of
different macronutrients in the body. Proteases are very important in the process of decomposing proteins in order
to separate them into amino acids. One endocrine system related chronic syndrome is diabetes mellitus caused by
the conversion of starch to sugars by amylases and lipids to fatty acids and glycerol by lipases (11-13). It has an
influence on both metabolism and various components such as water, electrolytes, fats, proteins and carbs (14).
Hyperglycaemia is the main characteristic of diabetes induced by a deficiency in insulin secretion or insulin-
insensitive cells that are unable to break down 1,4-glycosidic bond of carbohydrates into smaller molecules, e.g.,
starch into glucose, and is involved in their digestion. a-Amylase is a metalloenzyme digesting 1,4-gly There are
a number of health conditions associated with high levels of blood glucose such as diabetes, obesity, and dental
diseases (15). Some of the medical conditions caused by diabetes include nephropathy, microangiopathy,
neuropathy, retinopathy and cardiovascular diseases. Hence, one of the potential targets of lead molecules in the
management of diabetes is the inhibitors of a-amylase (16).

One of the new and widespread health problems is obesity. Human health may suffer greatly as a result of the
increased body fat. Based on WHO statistics, one of the primary causes of cancer sickness is obesity. One of the
enzymes, trypsin, plays a vital role in the digestive system and helps to break down food protein to peptide and
amino acid. Small intestine has the enzyme trypsin, which is a serine protease that assists in protein breakdown.
An anti-inflammatory and tissue-repair promoter, this proteolytic enzyme finds widespread application.
Nevertheless, activation of trypsin may be very important but can damage some cells leading to pancreatitis when
it is beyond a certain point. There is the need to regulate the activity of trypsin therefore. Pepsin is a protease
enzyme, precipitated by low pH of 1.5-2 and helps the stomach to digest complex proteins. An increased amount
of pepsin is liberated as the stomach becomes more acidic and therefore, leads to ingestion of the stomach lining.
This may lead to inflammation of the surrounding tissues that may cause ear infections, polyps of the vocal folds,
enlarged tonsils among a host of other diseases. Thus, the goal will be to produce and investigate the activity of
the novel compounds on digestive enzymes like trypsin, amylase, lipase, and pepsin. To determine the
antinutritional effects, the effect of amylase, trypsin, pepsin and lipase is essential. Computational techniques have
become a significant tool in the last few years in the process of discovering and developing new drugs. These
Computational methods enhance the effectiveness and accuracy of the identification of good candidate with
improved biological activities (17-18).

In addition, the in vitro and in silico antienzymatic activities of the ligand, and the metal complexes were
investigated using various biological assays. (19-21).

2. Materials & Methodology

A chemical synthesis of the Schiff base and its transition metal complexes was done using chemicals, reagents,
and solvents of analytical quality, which were bought at Sigma Aldrich.

The samples were referred to SAIF Chandigarh and Cochin to carry out the FTIR, UV spectral characterization
and CHN elemental characterization.

Synthesis of Ligands& Preparation of Metal Complex

The Schiff base ligand was prepared due to condensing 3- Ethoxy salicylaldehyde with P- Anisidine. About 20
ml of 0.05 mol ethanolic solution of 3-Ethoxysalicylaldehyde and 0.05 mol of P-Anisidine in an ethyl alcohol
solution were put together and stirred at a speed of 300- 400 rpm at room temperature using a magnetic stirrer.
This yellow solid is subsequently filtered and dried in oven at 100°C. Recrystallization is done in ethyl alcohol
and purified with diethyl ether. Crystallized Complex putted into a desiccator containing anhydrous calcium
hydroxide in order to dry the synthesized ligand & Complex. The prepared ligand was, in turn, used to further
synthesis of metal complexes (22-23). Transition metal complexes (Zn*? and Ni*?) by mixing the solutions of
metal salts (0.005mol) in a minimum quantity of water with the solution of ligand (0.005mol) in 20 ml DMSO,
stirring for 4- 5 hrs. on the magnetic stirrer at 300- 400 rpm, followed by filtration under suction on Whatman
filter paper washing with distilled water, then alcohol, dried and recrystallized in DMF. Fig:1 (24)
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3. Characterization

Elemental Analysis

Figure 1

CHN elemental analysis was carried out on the Schiff base ligand and its transition metal complexes by SAIF
Chandigarh and Cochin Table (1). The results agree well with those calculated for the proposed ligand and metal
complex structures (25). Results of Physical Properties are reported in Table (2).

Table 1. Elemental analysis of ligand and metal complexes

Ligand/ Complex C (%) H (%) N (%)
Cal. Found | Cal Found | Cal. | Found
5(a) : SBL-I 70.77 69.54 6.27 6.28 5.16 5.34
5(b) : Ni?*-SBL-I Complex 64.06 64.21 5.33 5.41 4.67 5.15
5(c) : Zn**-SBL-I Complex 63.36 63.48 5.28 5.36 4.67 4.78

Table 2. Physical properties color, melting point, percentage yield and molar conductance of ligand and
metal complexes

Ligand/ Complex Color Mel(tj;% g)Oint % yield M((;frrn(fz(; rrlj;l;tjln lc ©
5(a) : SBL-I Light Brown 189 75 -
5(b) : Ni**-SBL-I Complex | Yellow Brown 220 70 55
5(c) : Zn**-SBL-I Complex Yellow 245 65 55

Measurement of Magnetic Susceptibility

The values are illustrated in Table 3. Based on the results, the metal complexes are found to be non, electrolytic.
The values of the molar conductance are used to indicate the ratio of the metal and the ligand of 1:2. Among all

the metal complexes Ni*? metal complexes are diamagnetic whereas Zn*?

is paramagnetic in nature. Table (3).
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Table 3. Magnetic & UV-Visible

Ueff
Ligand/Complex (B.M.) Amax (Nm)
Theoretical Experimental
5(a) : SBL-I - - 230 nm — 275 nm
) 1.74
5(b) : Ni**-SBL-I Complex 1.78 ) 360 nm — 420 nm
(paramagnetic)
1.75
5(c) : Zn**-SBL-1 Complex 1.78 ) ) 380 nm — 450 nm
(Diamagnetic)

FTIR Characterization of Ligand & Complexes

FTIR spectrum of Schiff ligand reveals the absence of IR peaks corresponding to primary amine group (NH>) and
carbonyl group (CHO) from aldehyde. A peak is observed at 1170-1055 ¢cm™! stretching due to C-O-C of methoxy
&ethoxy. The presence of the band at 1650 cm™ confirms the formation of azomethine linkage between primary
amine and aldehyde which occurred through condensation resulting in the formation of Schiff base from primary
amine and aldehyde. The IR peak observed at 1650 cm™! confirms the formation of imine linkage between primary
amine and aldehyde which occurred through condensation resulting in the formation of Schiff base from primary
amine and aldehyde (26-27). The IR peak observed in the 3350, 3328 cm' ! region is due to (NH). The band at
1450 cm ! to (C-N) Fig (2). The disappearance of the phenolic ~OH band and appearance of new M—O and M-
N bands supported bidentate coordination.

X-Ray Diffraction Studies:

The X, ray diffraction pattern of Ligand is illustrated in Fig (3). The pattern of XRD of the Schiff base ligand is
characterized by the well-defined crystalline peaks and it implies that the ligand sample was in the crystalline
form Fig (3). Crystalline reflections are confirmed by the four sharp peaks at the following angles: 14, 17, 22, and
24 (29).
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Figure 2. FTIR (Ligand & Metal Complex)
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Figure 3. XRD (Ligand & Metal Complex)

Electronic Spectra:

Measurement of the electronic spectra at room temperature was done in the DMSO solution ranging between 200
and 800 nm of the ligand and complexes. The free Schiff base ligand has yielded two absorption bands in the UV-
Vis spectra at 230 and 299 nm that are attributed to 230 and 299 nm respectively. n- 7 * transitions, respectively.
Complexes Two charge transfer (C.T.) peaks appear in complexes UV-Vis spectra. The electronic spectra of the
ligand and complexes show two absorption bands at 319 nm and 416 nm. The higher intensity band of the first
band is attributed to ligand metal charge transfer transition (28). Results are reported in table (3).

Scanning Electron Microscopy (SEM) Analysis

Scanning electron microscopy was used to study the surface morphologies of new Schiff base transition metal
complexes. SEM images of Zn and Ni complexes are shown as Fig. (4) These complexes have leaflet and
amorphous surface morphologies and are micro sized. The synthesized transition metal complex (30-31)
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4. Antimicrobial Activity

New Schiff-base ligands and their transition metal (Zn, Ni) complexes were initially studied on two fungi and two
bacteria: Aspergillus Niger and Candida albicans; Gram negative Escherichia coli and Gram, positive
Staphylococcus aureus, respectively. (32-34).Agar disc diffusion procedure was performed and compared with
the known Streptomycin to screen antibacterial activity with ligands that were dissolved in either DMSO solvent
or DMF solvent and the concentration of the ligands was 100 ppm as indicated in table Table (4) &Fig ( 5).The
obtained anti and microbial screening results indicate that, the Schiff base and the transition metal (Zn, Ni)
complexes of the Schiff base possess moderate antibacterial actions .

Table 4. Anti-microbial screening values of Schiff base ligand and its transition metal complexes

Anti-microbial Screening of Schiff base ligand and their transition metal, Ni (I)&
Zn (IT) complexes

Ligand/Complex Zone of Inhibition(mm)
Antibacterial Screening Antifungal Screening
E. Coli S. Auresus A. Niger C. Albicans
5(a): SBL[CisH17NO3] 13.5 15 - -
5(b) : Zn[C32H32N106] 8 6 - 4
5(c) : Ni[C32H32N,0¢] 6 5 - -

Anti-Enzymatic Study This was done on the action of synthetic ligands and their transition metal on the digestive
enzymes, pepsin, trypsin and lipase. The results have been reported in table (5) &Fig (6)

B Curcumin (Std.)
I 5(2)
. 50)
70 B 5

60 =
50
40 -
30 4

20

Percentage Inhibition

10

Pepsin Inhibition

Trypsin Inhibition Lipase Inhibition

Enzyme Inhibition

Figure 6. Antienzymatic Study of ligand & metal complexes
5. Molecular Docking

The binding affinity obtained from iGemdock reveals the interaction between the ligand and the protein molecule.
The enzymes demonstrated proper positioning of their catalytic residues, essential for converting reactants into
products. All docking experiments were conducted through where active site of both ligands and the enzyme had
to be in a specific format. The structure of a-amylase, lipase, trypsin and pepsin were retrieved from Protein Data
Bank (38-39).
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The docking analysis indicates that the Schiff base formed by 3-ethoxy salicylaldehyde and p-anisidine can easily
be placed in the enzyme active site. The enzymes were found to have the right orientation of their catalytic residues
which are necessary in the conversion of the reactants to produce products. In the case of trypsin, the active site
amino acids are Ser195, His57 and Aspl02, in lipase, Ser152, Aspl76 and His263 and in pepsin, Asp 32, Asp
215(18). The summation of the energy, Van der Waals (VDW), hydrogen bonding (HB), electrostatic energy is
discussed in Table no (6) & Fig (7).

Table 6. Total energy of all compounds by using in-silico studies

Energy |Vanderwall |H-bonding Total no. Hydrqgen Hydrophobic
Enzyme | Compound . . . . of bonding | . . other
Kcal/mol | interaction |interaction |. . . . interaction
interaction |interaction
5a: SBL-I -96.91 -76.8 -20.1 9 4 4 1
. 124 _
. 3b: Ni-SBL-I -108.93 -91.69 -17.23 7 5 1 1
Trypsin Complex
. 72t _
Se: Zn"-SBLAL 4600 | 104,02 -6.06 9 2 7 0
Complex
5a: SBL-I -77.5 -62.27 -15.22 8 7 1 0
5b :Ni>*SBL-I
. ! -99.315 -79.82 -19.48 4 1 3 0
Pepsin Complex
. 72t _
5¢:ZnSBLL g0 33 | 7033 -14.0 5 2 3 0
Complex
5a :SBL-I -72.302 -60.07 -12.2 7 2 5 0
5b: Ni**"SBL-I
. ! 67904 | -57.59 | -10.31 13 0 1 2
Lipase Complex
5¢: Zn*"SBL-I
can 73.04 -69.54 3.5 18 0 17 |
Complex

In Silico Study of Metal Complexes & Ligands

This ligand was highly specific to trypsin, pepsin, Lipase and a number of hydrogen and hydrophobic bonds were
established in the active sites of the two suggesting that this ligand was able to block the entry-point of the
substrates. When it comes to Trypsin, Pepsin and lipase, the ligand was found to develop moderate to good binding
which was stabilized by hydrophobic contacts and van der Waals forces with limited hydrogen bonds. The in-
silico observations were quite consistent with its predicted antienzymatic activity (40-42).

The 3-ethoxysalicylaldehyde-para-anisidine Schiff base complexes of Zn (II) and Ni (II) with digestive enzymes
(trypsin, pepsin and lipase) were conducted in molecular docking. Furthermore, the in vitro & in silico
antienzymatic activity of the ligand and its metal complexes was assessed by different biological assays. The
results of the bioassay shows that the binding energies (-96.9 to -110.09 kcal/mol) in trypsin inhibition were
between (-96.9 to -110.09 kcal/mol). Compound 5(c) exhibited the smallest energy values among them, which is
the most stable binding. The energies of compounds in lipase docking were all within the range of -67.904 to -
73.4kcal/mol with 5(c) exhibiting the most binding affinity. The binding energies of compounds of pepsin were -
77.5 t0 -99.115 kcal/mol Compound 5(b) exhibiting the highest binding affinity.

The docking results showed good binding energies together with the establishment of strong intermolecular
interactions, such as hydrogen bonding and hydrophobic contacts, which comprise the main features of enzyme
ligand binding. These computational results have a good correlation with the laboratory in vitro data. The
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combined in vitro& in silico studies reveal that the novel Schiff base transition metal complexes have a good
biological potential. (43-45)

Total binding energies of both metal complexes were negative and displayed strong and stable interactions
involving enzymes and metal complexes in Fig (7)

6. Conclusion

We have been able to design and synthesize in this research a novel series of 3-ethoxy salicylaldehyde Para
anisidine ligands and its complexes (5b and 5c). Bidentate coordination and stable complex formation were
confirmed by spectral studies. The synthesized compounds were all tested on their Microbial activity against
bacteria as well as against enzymes like the pepsin, trypsin and lipase enzymes. Most of the compounds that were
synthesized showed great concentration of enzyme-inhibitory activity. Moreover, the compounds in molecular
docking studies showed improved binding to the target site. The compounds 5a, 5b and 5¢ have shown good
inhibitory capacity (46) with pepsin, trypsin and lipase. These computational results have a good correlation with
the laboratory in vitro data. The combined in vitro& in silico studies reveal that the novel Schiff base transition
metal complexes have a good biological potential.

The development of new lead in developing drugs against many pathological disorders at which these enzymes
are involved is expected to be given by these studies.
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Figure 7. Docking images of all compounds
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