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ABSTRACT: The new biologically active integrisides A (1) and B (2) have been isolated from the 

methanolic extract of Pistacia integerrima J. L. Stewart ex Brandis. The antibacterial activity of both 

the integrities was tested against four pathogenic bacterial strains, two Gram-positive 

(Staphylococcus aureus, Streptococcus pyogenes) and two Gram-negative (Escherichia 

coli, Pseudomonas aeruginosa) as well as four fungal strains (Microsporum canis, Aspergillus 

clavatus, Candida albicans, and Candida glabrata). Both the isolated compounds showed significant 

results analogous with Imipenam and Miconazole standard drugs. Carbonic anhydrase-II inhibition 

of integriside A (1) and B (2) with IC50 value 1.56 µM and 2.85 µM respectively, as compared 

to standard drug acetazolamide (1.57 µM). Cholinesterase activity was carried out with 

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) IC50 values of integriside A (1) (8.6, 4.8) 
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and B (2) (0.91, 2.5) were found as compared with standard galanthamine (0.05, 0.92) and Eserine 

(0.6, 8.7). Here, various molecular descriptors, frontier molecular orbitals (FMO), electron affinity 

(E.A), ionization potential (IP), molecular electrostatic potential (MEP), and Hirshfeld analysis were 

carried out to understand the active sites and biological active nature of the integrisides A (1) and B 

(2). The energy gap, MEP, Hirshfeld analysis, and reactivity descriptors values demonstrate that  

the integriside A (1) and B (2) retain decent reactivity, which is in good agreement with current 

experimental and quantum chemical studies.  

 

 

KEYWORDS: Pistacia integerrima J. L. Stewart ex Brandis; Integrisides; Cholinesterase activity; 

Antimicrobial activity; Quantum chemical study. 

 

 

INTRODUCTION  

Herbal plants have played a vital role to maintain 

human health and the standard of their living for centuries. 

According to the report of the WHO (World Health 

Organization), more than 80% population all over the 

world depends upon the secondary metabolites of these 

medicinal plants to cure diseases [1]. Family 

Anacardiaceae contains 70 genera and over 600 main 

species found in the Mediterranean, sub-alpine regions, 

Asia, and America [2]. Pistacia integerrima 

(kakrashinghi; shani; chakra) medium-sized dioecious 

tree, 17 m tall is found at 400 m altitude [3]. Its rich 

chemical constituency especially tannin as a major 

component made it a favorite for medicinal use. The stem, 

flowers, leaf, seeds, and resin of pistachio attributes  

to antimicrobial, antioxidant, and anti-inflammatory 

properties [4, 5]. Pistacia integerrima J. L. Stewart ex 

Brandis (P. integerrima) ethnobotanical is used include  

as a remedy for snakebite, fever, dysentery, hepatitis, 

diarrha, vomiting, skin diseases, psoriasis, scorpion sting, 

liver disorder, respiratory tract, and asthma. Hamdard 

laboratories made several herbal medicines such as  

habb-e-suranjan [6, 7]. The plant bark resin is used as 

stimulant and diuretic while its roots possess antioxidant 

properties [8]. Pistacia integerrima possesses 

immunomodulatory activity, hyperuricemic, analgesic, 

and anti-inflammatory properties. The major isolated 

phytochemicals included phenolic, fatty esters, steroids, 

monoterpenes, and flavonoids [5, 9]. 

Carbonic anhydrase (EC 4.2.1.1., CA) is actually a pH 

regulatory and metabolic enzyme for all life kingdoms, 

found in organisms all over the phylogenetic tree. It brings 

about the catalysis by hydration of carbon dioxide (CO2) 

to bicarbonate (HCO3
-) ion while the dehydration of HCO3

- 

in acidic medium leads to regeneration of CO2 [10]. CA 

isoforms are also found in a variety of tissues where they 

are involved in numerous significant biological processes 

that include acid-base balance, carbon dioxide, respiration 

as well as ion transport, bone resorption, formation of 

glucose, formation of fats as well as secretion of 

electrolyte [11].  

The inhibition of CAs possesses pharmacological 

implementations in many fields, such as inhibition of 

glaucoma, prevention of convulsant, obesity treatment, as 

well as in cancer treatments/diagnostic tools. In addition, 

it is an evolving paradigm for designing anti-infective 

agents including antifungal, antibacterial, and 

antiprotozoal. Consequently, designing as a drug of CA 

inhibitors is actually a significant field, with a variety of 

novel derivatives mentioned in the scientific literature [12]. 

These are clinically used as anti-epilepsy, anti-tumor,  

anti-glaucoma, diuretics, and anti-metastatic agents [13] 

Acetylcholinesterase (AChE), as well as 

butyrylcholinesterase (BChE), bring about the ending of 

nerve impulse transmission at cholinergic synapses by 

quick acetylcholine (ACh) hydrolysis. While acetylcholine 

(ACh), as well as butyrylcholine (BCh) hydrolysis, is one 

of the main reasons for neurodegenerative ailments, such 

as Alzheimer’s Disease (AD), ataxia, or Parkinson’s [14]. 

AD is a major reason for dementia, accounting for up to 

75% of all dementia cases. Pathophysiological mechanisms 

mentioned for the progression of AD involve neurons and 

degeneration of synapses, which is influenced by the deficit 

in ACh [15]. The AChE inhibitors are a major class of 

drugs presently used for the treatment of AD dementia  state,
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Fig. 1: Structures of the integrisides A (1) and B (2). 

 

for example naturally occurring agent galantamine. Most 

plant species have different classes of alkaloids, coumarins, 

terpenes as well as polyphenols which are analyzed for their 

anti-AChE activity, becoming an exemplary candidate  

for new AD drugs [16].  

The density functional descriptors in the improvement 

of the Quantitative Structure-Activity Relationship (QSAR) 

are important to probe the nature of the interaction, active 

sites, and biological activity of molecules. Here, various 

molecular descriptors, Frontier Molecular Orbitals 

(FMOs), electron affinity, ionization potential, molecular 

electrostatic potential were carried out to understand the 

active sites and biological active nature of the acylated 

oligosaccharides from Pistacia integerrima, which include 

integrities A (1) and B (2) (see Fig. 1). The global 

reactivity descriptors, e.g., electronegativity (χ), chemical 

potential (µ), chemical hardness (η), electrophilicity index 

(ω) and softness (S) were also studied by density 

functional theory. The main goal of the present work is: (i) 

to isolate biologically active pure compounds from 

Pistacia integerrima: (ii) to the evaluated in-vitro 

biological activities including antimicrobial, carbonic 

anhydrase, and cholinesterase (AchE and BchE) 

enzymatic inhibitory potential: (iii) Quantum mechanical 

treatment of biologically active constituents. 

 

EXPERIMENTAL SECTION 

General 

For enzyme inhibition assays, all chemicals and 

enzymes were obtained from Sigma (St. Louis, MO, 

USA). All other chemicals used were of analytical grade. 

Optical rotations: JASCO P-2000 digital polarimeter, 

UV/Vis spectrum (MeOH): Hitachi U-3200 

spectrophotometer, Infrared spectra (KBr): JASCO 302-A 

Infrared Spectrometer. 1H-NMR and 13C-NMR spectra  

in CD3OD, solvent using TMS as an internal standard 

source on NMR spectrometers at 500 MHz, respectively 

(Bruker AMX-500). JEOL JMS-HX-110 MS for exact 

mass measurement with FAB-MS using the matrix  

as glycerol. JAILC-908W Japan RP-HPLC with L-80 

column used, silica gel, Sephadex LH-20, and Diaion HP-20 

ion exchange resin were used as an adsorbent in column 

chromatography. The pre-coated silica gel (GF254 

preparative plates) having particle size 20×20, 0.5 mm 

thick, E. Merck was used by preparative thin-layer 

chromatography. The samples purity was also monitored 

on the same plates and detection of the spot was done  

by spraying ceric sulfate. Sonicator (E-3011 Elmasonic), 

Shimadzu digital electronic balance: Inolab pH 720, 

Germany-pH meter, Sanyo Electric Co., Ltd. Incubator, 

Sanyo Ultra low-temperature freezer of -70 °C.  

 

Plant material” 

Pistacia integerrima was collected from Pakistan 

(Swat), and identified by Plant Taxonomist Professor 

Surraiya Khatoon, Karachi university, and deposited 

specimen in the herbarium.  

 

Extraction, fractionation, and isolation 

The Pistacia integerrima was divided into small pieces 

then ground, dried, and extracted with methanol thrice 

 at r.t. The blackish crude residue was obtained after 

evaporation of solvent methanol. It was dissolved in H2O 

and fractionated into n-hexane, ethyl acetate (EtOAc) and  
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n-BuOH portions. The vacuum liquid chromatography 

was carried out with n-butanol portions eluting  

a combination of solvents in this order n-hexane- 

DCM ≤ DCM and ≤ DCM-methanol to get four major 

fractions. The DCM-methanol fractions were further 

subjected to reverse phase CC over Diaion HP-20 and final 

purification was done over Sephadex LH-20.  Finally, semi 

pure fraction was purified by H2O-MeOH (5.0:5.0) as 

eluent with recycling preparative HPLC (L-80 column)  

to afford integrities A (1) and B (2) [7].  

 

Antimicrobial assay  

Newly isolated integrities A (1) and B (2) were screened 

in-vitro antimicrobial activity using agar diffusion assay. 

For antibacterial activity two Gram-positive 

(Streptococcus pyogenes and Staphylococcus aureus) and 

two Gram-negative (Pseudomonas aeruginosa and 

Escherichia coli) bacterial strains were used whereas 

antifungal bioassay was determined with Candida 

albicans, Microsporum canis, Aspergillus clavatus, and 

Candida glabrata fungi. The Minimum Inhibitory 

Concentration (MIC) was compared with imipenem and 

miconazole for antibacterial and antifungal activity, 

respectively. The suitable number of perforations was 

bored using a sterile cork borer and solutions i.e., the 

testing compound, solvent as well as the reference standard 

(imipenem) were placed into their specific hole with the 

aid of a sterilized pipette. The sample was settled at 25 0C 

for 120 minutes to let the sample diffusion with incubation 

at 37 0C for 24-48 hrs. The diameter of the inhibition zones 

was determined in mm [17].  

 

Carbonic anhydrase assay 

Carbonic Anhydrase (CA) action was measured  

by spectrophotometric method [18] by making 

standardization of reaction conditions, which include 

enzyme concentration, substrate concentration, pH of  

the buffer, and reaction time. The substrate p-nitrophenyl 

acetate (PNA) was hydrolyzed by CA and transformed  

to p-nitrophenol, which was measured at 348 nm using  

a spectrophotometer with a 96-well plate reader. The 

reaction mixture contains 15 mM Tris-sulphate buffer 

H2SO4 with 7.6 pH consisting of 0.1 mM ZnCl2, 5 µL of 

the tested compound in respective solvent as well as 10 µL 

of 0.35 U enzyme (CA-bovine erythrocytes, Cat. Not. 147 

A2000, Calzyme Lab Inc. the USA) [19]. All the contents 

were mixed and pre-incubated at 25 ºC for 10 min.  

The prepared substrate was 3 mM stock using less than  

5 % acetonitrile in freshly used buffer and 20 µL  

was introduced per well to get the concentration of 0.6 mM 

 in each well. The volume of the total reaction was 100 µL 

after incubation for 30 min at 25ºC. The well-known 

inhibitor acetazolamide was introduced in the assay  

as a positive control.  

 

Acetylcholinesterase and butyl cholinesterase assay  

The AChE/BChE inhibition effects of integrities A (1) 

and B (2) were performed according to previously 

described Ellman’s method [20]. For both cholinergic 

reactions, acetylthiocholine iodide (AChI) and 

butyrylthiocholine chloride (BChI) were used as 

substrates. An aliquot of Na2HPO4 buffer (pH 7.7, 100μL) 

and sample solutions concentration (10 µL, 0.5 mM) were 

added to 10μL of AChE/BChE enzymes solution (0.005 

unit well-1). The solutions were incubated for10 min at 35 °C. 

The Ellman's reagent DTNB (5,5'-dithiobis-(2-nitrobenzoic 

acid), 10μL, 0.5 mM well-1, and substrate AChI/BChI were 

mixed within the incubated mixture and enzymatic 

reactions were started. The enzymes activities were determined 

spectro-photometrically with absorbance at 405 nm. 

Galanthamine and Eserine (0.5 mM/well) were used  

as a positive control for both enzymes AChE/BChE [21].  

The inhibition percentages of enzymes were calculated  

by the following equation. All experiments were done with 

their corresponding controls in triplicate. 

Inhibition (%) = 100 - (Abs of test sample / Abs of control × 100) 

IC50 values (concentration of 50% enzyme inhibition) 

of compounds were calculated by EZ–Fit Enzyme kinetics 

software (Perella Scientific Inc. Amherst, USA). 

 

Computational details 

Density functional theory is a fascinating method  

to analyze numerous properties of interest in biological 

sciences. DFT was systematically used to probe  

the electronic properties of materials [22-30]. The DFT is 

a reliable tool for the ground state (S0) geometries 

optimization [31-33]. The PBE functional is rational for 

the S0 geometries of various biologically active 

compounds. In the current study, PBE/TZP level of theory 

was adopted to perform ground state geometries 

optimizations and electronic properties exploration in 

Amsterdam Density Functional (ADF) modeling suite. 



Iran. J. Chem. Chem. Eng. Irfab A. et al. Vol. 40, No. 5, 2021 

 

1634                                                                                                                                                              Research Article 

Table 1: Antibacterial activity of compounds 1 and 2. 

Bacteria 
Zone of inhibition  of standard  (mm) Zone of inhibition  of compounds  (mm) MIC (µg/mL) 

Imipenem 1 2 1 2 

Staphylococcus aureus 39 34 23 95 85 

Streptococcus pyogenes 40 40 24 94 91 

Escherichia coli 39 36 32 95 95 

Pseudomonas aeruginosa 40 35 30 92 90 

S.D. 0.58 2.63 4.43 1.42 4.12 

Note: S.D. = Standard deviations 

 
RESULTS AND DISCUSSION 

The ground, dried whole plant material of  

P. integerrima was extracted with methanol. The crude 

blackish color residue was obtained after evaporation 

under reduced pressure in the rotavapor. It was 

fractionated into n-hexane, ETOAc, and n-butanol soluble 

portions. The n-butanol soluble portion was subjected  

to chromatographic separations over silica gel using  

a solvent gradient of n-hexane, dichloromethane, and 

methanol with increasing polarity. The HPLC and PTLC 

techniques were also executed in this study. The structures 

of these newly isolated compounds have been established 

through advanced spectroscopic techniques and were reported 

by our group [7].  

 

Antimicrobial activity 

Newly isolated compounds 1 and 2 were tested for 

antibacterial activity using two Gram-positive 

(Streptococcus pyogenes and Staphylococcus aureus)  

and two Gram-negative (Pseudomonas aeruginosa  

and Escherichia coli) bacterial strains. The results were 

compared with positive control imipenem (10 µg/ml).  

The present study elaborates the potent antibacterial 

potential for compounds 1 and 2 as significant antibacterial 

agents against drug-resistant pathogens. For compound 1 

the maximum inhibition was against Streptococcus 

pyogenes (40 mm) while for compound 2, the maximum 

inhibition was against Pseudomonas aeruginosa (35 mm). 

The MIC values of each compound against the  

tested bacterial strains were measured. The lowest MIC 

values against the tested bacterial strains were observed  

for A (92 - 95 µg/mL) and B (85 - 95 µg/mL) as shown  

in Table1 and Fig. 2 using positive control imipenem  

(10 µg/mL).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2: Antibacterial activity comparison of A (1) and B (2) with 

imipenem. 

 

The present study displayed compounds 1 and 2  

as significant antibacterial agents for resistant drug 

pathogens. As it has been evident from the literature that the 

electrochemical binding makes the dispersal of negative as 

well as positive charges above the surfaces of cell 

membranes, resulting in weakening as well as the destruction 

of the membranes that will lead to the release of cell contents. 

This mechanism was evidenced by electron microscopy that 

displayed the binding as well as breaking the outermost wall 

of bacteria [34]. The above discussion provided great support 

for compounds 1 and 2, which consist of carboxylate ions  

at suitable pH, which would enable the variability in charges 

that induce breakage of the outer wall of bacterial cells.  

That is the main reason for their antibacterial potential.  

In the state of antimicrobial mechanism of action, future 

work should aim to make the molecular aspects of  

the fundamental mechanisms and their interaction  

with the antimicrobial action of acylated  oligosaccharides
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Table 2: Antifungal activity of compounds 1 and 2. 

Name of bacteria 
Zone of inhibition  of standard  (mm) Zone of inhibition  of compounds  (mm) MIC (µg/ml) 

Miconazole 1 2 1 2 

Microsporum canis 40 31 30 88 80 

Aspergillus clavatus 41 33 38 90 87 

Candida albicans 40 30 30 93 89 

Candida glabrata 40 28 39 95 92 

S.D. 0.50 2.09 4.93 3.11 5.10 

Note: SD = Standard deviations 
 

1 and 2. The development of the biochemical basis of 

microbial inhibition should minimize microbial side 

effects as well as maximize useful sensory, nutritional and 

health effects of treated foods in the diet. This type of 

effort leads to better as well as safer foods with the 

enhancement of human health. 

The antifungal activity of acetylated oligosaccharides 

1 and 2 of Pistacia integerrima was analyzed using  

four fungal strains (Candida albicans, Microsporum canis, 

Aspergillus clavatus, and Candida glabrata). These strains 

were selected based on their clinical and pharmacological 

significance. Antifungal capacity for compounds 1 and 2 

was analyzed in terms of zone inhibition of organism 

growth. The results of the antifungal activities are shown 

in Table 2. For compound 1, the maximum inhibition is 

against Aspergillus clavatus (33 mm) while for compound 

2 the maximum inhibition was against Candida glabrata 

(39 mm). The MIC values of each phytochemical against 

the tested fungal strains were determined. The lowest MIC 

values were displayed for A (88 - 95 µg/mL) as well as for 

B (80 - 92 µg/mL) against the tested fungi as shown in 

Table 2 and Fig. 3. Statistical analysis revealed that the 

compound 2 zone of inhibition and MIC values are more 

deviated compared with compound 1. 

The electrostatic interactions across the positively 

charged chitosan (oligosaccharides), as well as the 

negatively charged cell surface, leads to destabilization of 

the cell wall or cell membrane, which increases the cell 

permeability leading to the leakage of cells [35]. That is 

the reason that acylated oligosaccharides potentially 

support the above investigation as antifungal. The 

antimicrobial mechanism of action should aim to make the 

molecular aspects of the fundamental mechanisms and 

their interaction to the antifungal action of acylated 

oligosaccharides. These can be used as future potential  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Antifungal activity comparison of A (1) and B (2) with 

miconazole. 

 

candidates as antifungal drugs and may be more suitable 

than already available drugs in terms of consideration of 

adverse side effects and clinical benefits.  

 

Carbonic anhydrase activity 

The phenyl moiety of phenol was present in the 

hydrophobic part of the active site of CA, while the CO2 

that is a physiologic substrate of the CAs leads to the 

joining of already catalytic complex, making it easy  

to understand the behavior of phenol as a distinct CO2 

competitive inhibitor [36]. Joining the phenolic 

component to other functional groups is a general 

mechanism to obtain the products with intensified actions. 

For instance, the “sugar approach” so-called the integration  

of a hydrophilic sugar, moiety allows the molecule penetration  

in a distinct manner to the cavity of the enzyme. Moreover,  

it enhances its specificity to the membrane-bound CA 

isoforms above the cytosolic ones [37, 38]. 
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Table 3: Carbonic anhydrase-II inhibitions of compounds 1 and 2 

Compounds %inhibition IC50 ± S.E.Ma[µM] 

1 81.9 1.56 ± 0.42 µM 

2 75.8 2.85 ± 0.09 µM 

Acetazolamide 94.0 1.57 ± 0.003 

a SE mean of six assays 

 

Table 4: Inhibition of AchE and BChE by compounds 1 and 2 

Compounds IC50 ± S.E.Ma[µM] 

 AChE BChE 

1 8.6 ± 0.15 4.8 ± 0.15 

2 0.91 ± 0.015 2.5 ± 0.15 

Galanthamineb 0.05  0.01 0.92  0.01 

Eserinec 0.6  0.01 8.7  0.01 

a SE mean of six assays 
b-c Positive controls for AChE and BchE, respectively. 

 

The acylated oligosaccharides having phenolic 

moiety showed enhanced inhibition potential for 

carbonic anhydrase enzyme. Sugar moieties attached 

with both compounds containing hydrophilic parts lead 

to penetrating with enzyme active sits and showed 

marvelous potential of inhibition against CA enzyme. 

Literature observation also gave evidence for its potential 

inhibition effect. Integriside  A (1) and Integriside  B (2) 

displayed significant inhibition with the IC50 value  

as shown in Table 3. Integriside A (1) showed potent 

inhibitory potential having IC50 value very close to 

standard drug acetazolamide. So compound 1 can be used 

as a future drug by evaluating in vivo animal and human 

studies that would be our future work.   

 

Cholinesterase activity 

The inhibition activity was influenced by the 

distribution as well as a number of hydroxyl or methoxyl 

groups substituted at the phenyl ring. Despite that,  

the research also proved that the methyl or ethyl esters of 

phenolic acids inhibited cholinesterase (AChE and 

BChE) more efficiently than the corresponding free 

acids. The activity of a particular compound against 

AChE was covered by the presence of the hydroxyl group 

at ortho position at the phenyl ring as well as the 

existence of the acidic group [39]. The presence of -OH 

or -OCH3 substituted at phenyl ring makes a strong 

recommendation that the compounds 1 and 2 showed 

potent inhibition potential against AChE/BChE. 

Integrisides A and B (1 and 2) were screened against 

enzymes AchE and BChE, which showed moderate 

activity with IC50 values being shown in Table 4. In the light 

of our study, we can say that compounds 1 and 2 bring 

about the inhibition of ChE activity. 

Most of the studies carried out by authors also 

supported that diverse plant material as well as substances 

present in extracts inhibit AChE and/or BChE. This type 

of inhibitory effect is found to be useful in the treatment  

of Alzheimer's. Finally, it’s important to have more data 

from clinical trials as well as toxicity tests that would be 

future considerations of our research.  

 

Electronic properties 

The highest occupied / lowest unoccupied molecular 

orbitals (MOs), i.e., HOMOs / LUMOs of new acylated 

oligosaccharides from Pistacia integerrima, i.e., 

integrisides A and B as well as some reference compounds 

(imipenem and miconazole) were probed at PBE/TZP 

level, as shown in Fig. 4. The intramolecular charge 

transfer (ICT) from HOMO-1 → LUMO+1 and HOMO → 

LUMO was found in integrisides A (1) and B (2). The ICT 

in reference compounds from occupied to unoccupied 

MOs was also noticed. The energies of HOMO-1 (EHOMO-1), 

HOMO (EHOMO), LUMO (ELUMO), LUMO+1 (ELUMO+1)  
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and HOMO-LUMO energy gaps (Egap) are important 

parameters to explore the electronic properties. EHOMO-

1, EHOMO, ELUMO, ELUMO+1, and Egap of reference 

compounds, as well as integrities A (1) and B (2)  

at PBE/TZP level at S0, are displayed in Table 5.  

EHOMO-1 at S0 decrease as: integriside B (-5.41) > 

integriside A (-5.79) > imipenem (-6.24) > miconazole 

(-6.52). The tendency in the EHOMO is as: integriside B 

(2) (-5.10) > imipenem (-5.20) > integriside A (1)  

(-5.47) > miconazole (-6.08). The ELUMO-1 at S0 decrease 

as: integriside B (2) (-2.54) > imipenem (-2.61) > 

miconazole (-2.68) > integriside A (1) (-3.34). ELUMO  

at S0 decrease as: imipenem (-1.32) > integriside B (2) 

(-2.51) > miconazole (-2.64) > integriside A (1) (-2.94). 

The Egap decrease in the following order: miconazole 

(3.40) > imipenem (2.59) > integriside B (2) (2.56) > 

integriside A (1) (2.13). The energies of frontier 

molecular orbitals (FMOs) and Egap revealed that 

integriside B (2)  would be better biological active 

compound than integriside A (1). 

Global chemical reactivity descriptors (GCRD) are 

important parameters to realize reactivity and structural 

stability. Here, we have calculated GCRD parameters 

like chemical hardness (η), chemical potential (µ), 

electronegativity (χ), softness (S) and electrophilicity 

index (ω) of integrisides A, B (2) and referenced 

compounds using HOMO and LUMO energy values, 

see Table 5 (for computational details see supporting 

information). The η of the compound is interrelated  

to aromaticity [40, 41]. The μ expresses the electron 

tendency to rush out from the electronic cloud.  

The η also symbolizes the extent of the obstruction  

of the electronic cloud to deformation and ω signifies 

the stabilization energy. The antioxidant compound 

delivers an electron to the free radical then produced 

radical cation should be stable enough for better radical 

scavenging ability in a one-electron transfer 

mechanism. In this way, the antioxidant ability can be 

evaluated by IP and is a physical parameter enlightening 

the electron transfer range. It is anticipated that radical 

scavenging nature might be superior for those 

compounds, which show smaller IP. These results 

disclosed that Integriside  B would have good 

antioxidant ability than integriside A. The tendency in 

the EHOMO is as integriside B (2) (-5.10) > imipenem 

(-5.20) > integriside A (1) (-5.47) > miconazole (-6.08).  

The work functions (W) of Au (Al) are 5.10 (4.08 eV) [42]. 

Here, we have calculated and compared the hole and 

electron injection energies (HIE and EIE) of integrisides 

A (1), B (2) and referenced compounds to electrodes.  In 

case of Al, EIE for integriside A (1), integriside B (2), 

imipenem and miconazole were estimated (1.14 eV = 

−2.94 − (−4.08)), (1.57 eV = −2.51 − (−4.08)), (2.76 eV 

= −1.32 − (−4.08)) and (1.44 eV = −2.64 − (−4.08)), 

respectively. The HIE for integriside A (1), integriside 

B (2), imipenem and miconazole were observed (1.39 

eV = −4.08 − (−5.47)), (1.02 eV = −4.08 − (−5.10)), 

(1.12 eV = −4.08 − (−5.20)), and (2.00 eV = −4.08 − 

(−6.08)), respectively. In case of Au, EIE for integriside 

A (1), integriside B (2), imipenem and miconazole were 

observed (2.16 eV = −2.94 − (−5.10)), (2.59 eV = −2.51 

− (−5.10)), (3.78 eV = −1.32 − (−5.10)), and (2.46 eV = −2.64 

− (−5.10)) respectively. The HIE for integriside A (1), 

integriside B (2), imipenem and miconazole were observed 

(0.37 eV = −5.10 − (−5.47)), (0 eV = −5.10 − (−5.10)), (0.10 

eV = −5.10 − (−5.20)), and (2.00 eV = −4.08 − (−6.08)), 

respectively. One can see that integriside B (2)  has no hole 

injection barrier smaller than integriside A (1) revealing that 

prior compound might be better charge transfer contender 

than latter one.  

 
Molecular electrostatic potential  

The molecular electrostatic potential surfaces views 

of acylated oligosaccharides integrisides A (1), B (2), 

imipenem, and miconazole are illustrated in Fig. 5. The 

negative electrostatic potential (ESP) was found on the 

oxygen atoms while the positive one was at hydrogen 

atoms in integrisides and reference compounds.               

In integriside B (2), sugar moieties contained more 

negative ESP revealing that in the case of nucleophilic 

attack substantial repulsion would be at sugar moieties 

(oxygen atoms) while significant attraction would be 

toward hydrogen atoms of sugar moieties and the rest  

of the compound. It is also expected that in case  

of electrophilic attack noteworthy repulsion would be  

at hydrogen atoms of sugar whereas the notable 

attraction would be at oxygen atoms of sugar moieties. 

The integriside B (2)  have more prone sites for 

electrophilic attack than that of integriside A which 

would lead to the enhanced biological activity of the prior 

compound. 
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Table 5: The ground state ground state HOMO energies (EHOMO and EHOMO-1), LUMO energies (ELUMO and ELUMO+1), energy gaps, 

IP, EA, η, µ, S, χ and ω in eV of integriside A (1), integriside B (2), imipenem  and miconazole. 

Parameters 1 2 Imipenem Miconazole 

EHOMO -5.47 -5.10 -5.20 -6.08 

EHOMO-1 -5.79 -5.41 -6.24 -6.52 

ELUMO -3.34 -2.54 -2.61 -2.68 

ELUMO+1 -2.94 -2.51 -1.32 -2.64 

ΔEHOMO –LUMO 2.13 2.56 2.59 3.40 

ΔEHOMO–1−LUMO+1 2.85 2.90 4.92 3.88 

Hardness (η) 1.06 1.28 1.29 1.70 

Potential (µ) -4.41 -3.82 -3.91 -4.38 

Softness (S) 2.57 1.99 2.01 1.79 

Electronegativity (χ) 4.41 3.82 3.91 4.38 

Electrophilic index (ω) 9.11 5.70 5.89 5.64 

Ionization potential (IP) 5.47 5.10 5.20 6.08 

Electron affinity (EA) 3.34 2.54 2.61 2.68 

 

                               
Miconazole 

                                  
Imipenem 

                                  
Integriside B (2) 

                             
Integriside A (1) 

HOMO-1     HOMO     LUMO     LUMO+1 

 
Fig. 4: Ground state charge density of FMOs of integriside A (1), integriside B (2), imipenem, and miconazole  

(contour value=0.035). 
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                      Integriside A (1)                Integriside B (2)                           Imipenem                          Micanazole 

 

Fig. 5: Molecular electrostatic potential surfaces views of acylated oligosaccharides integrisides A (1), B (2),  

imipenem and miconazole. 

 

CONCLUSIONS 

The bioassay-guided isolation of Integrisides A (1) and 

B (2) was performed using reverse-phase chromatographic 

separation from n-butanol fraction of medicinally 

important plant Pistacia integerrima. Compounds 1 and 2 

showed significant results against an antibacterial and 

antifungal activity with positive control drug-resistant 

pathogens imipenem and miconazole, respectively. 

Integrisides A (1) and B (2) were screened against 

enzymes AchE and BChE which showed moderate activity 

compared with IC50 values of standard galanthamine and 

eserine. In-vitro antimicrobial and enzymatic inhibition 

showed that compound 2 was more biologically active and 

fully supported by their first principle investigations.  

The CA inhibition found that potent inhibitory potential 

having IC50 value was close to standard drug. So these natural 

products can be used as a future drug by evaluating in vivo 

animal and human studies that would be our future work.  

 

Conflict of interest 

The authors declare that they have no conflict of interest. 

 

Acknowledgments 

We extend appreciation to the Deanship of scientific 

research at King Khalid University (KKU), Saudi Arabia for 

funding this work through research groups program under 

grant number R.G.P. 1/42/42. 

 

Received : March 13, 2020  ;  Accepted : June 15, 2020 

 

REFERENCES 

[1] Hussain M.S., Fareed S., Saba Ansari M., Rahman A., 

Ahmad I.Z., Saeed M., Current Approaches toward 

Production of Secondary Plant Metabolites, Journal 

of Pharmacy & Bioallied Sciences, 4(1): 10-     (2012). 

[2] Bozorgi M., Memariani Z., Mobli M., Salehi 

Surmaghi M.H., Shams-Ardekani M.R., Rahimi R., 

Five Pistacia Species (P. Vera, P. Atlantica, P. 

Terebinthus, P. Khinjuk, and P. Lentiscus): A Review 

of Their Traditional Uses, Phytochemistry, and 

Pharmacology, The Scientific World Journal, 2013:   

    -    (2013). 

[3] Moriana A., Memmi H., Centeno A., Martín-Palomo M., 

Corell M., Galindo A., Torrecillas A., Pérez-López D., 

Corrigendum to “Influence of Rootstock on Pistachio 

(Pistacia Vera L.) Water Relations”[Agricultural 

Water Management 202 (2018) 263-270], Agricultural 

Water Management, 216: 497 (2019). 

[4] Tsokou A., Georgopoulou K., Melliou E., Magiatis P., 

Tsitsa E., Composition and Enantiomeric Analysis of 

the Essential Oil of the Fruits and the Leaves of Pistacia 

Vera from Greece, Molecules, 12(6): 1233-1239 (2007). 

[5] Ullah Z., Mehmood R., Imran M., Malik A., Afzal R.A., 

Flavonoid Constituents of Pistacia Integerrima, 

Natural Product Communications, 7(8): 

1934578X1200700813 (2012). 

[6] Rauf A., Uddin G., Latif A., Muhammad N., 

Pistagremic Acid, a Novel Antimicrobial and 

Antioxidant Isolated from Pistacia Integerrima, 

Chemistry of Natural Compounds, 50(1): 97-99 (2014). 

[7] Ullah Z., Mehmood R., Imran M., Malik A., Afzal R.A., 

New Acylated Oligosaccharides from Pistacia 

Integerrima, Natural Product Research, 27(21): 

2027-2032 (2013). 

[8] Noguera-Artiaga L., García-Romo J.S., Rosas-Burgos E.C., 

Cinco-Moroyoqui F.J., Vidal-Quintanar R.L., 

Carbonell-Barrachina Á.A., Burgos-Hernández A., 

Antioxidant, Antimutagenic and Cytoprotective 

Properties of Hydrosos Pistachio Nuts, Molecules, 

24(23): 4362 (2019). 

http://www.jpbsonline.org/article.asp?issn=0975-7406;year=2012;volume=4;issue=1;spage=10;epage=20;aulast=Hussain
http://www.jpbsonline.org/article.asp?issn=0975-7406;year=2012;volume=4;issue=1;spage=10;epage=20;aulast=Hussain
https://www.hindawi.com/journals/tswj/2013/219815/
https://www.hindawi.com/journals/tswj/2013/219815/
https://www.hindawi.com/journals/tswj/2013/219815/
https://www.hindawi.com/journals/tswj/2013/219815/
https://www.sciencedirect.com/science/article/pii/S0378377419304317
https://www.sciencedirect.com/science/article/pii/S0378377419304317
https://www.sciencedirect.com/science/article/pii/S0378377419304317
https://www.mdpi.com/1420-3049/12/6/1233
https://www.mdpi.com/1420-3049/12/6/1233
https://www.mdpi.com/1420-3049/12/6/1233
https://journals.sagepub.com/doi/pdf/10.1177/1934578X1200700813
https://link.springer.com/article/10.1007/s10600-014-0875-2
https://link.springer.com/article/10.1007/s10600-014-0875-2
https://www.tandfonline.com/doi/full/10.1080/14786419.2013.821122?casa_token=swPUdZHKvloAAAAA%3ADObr23X3VufUqdETQaknr1rIzsLA-Wnp0blUxSFMhoepqT_CSviIgQ3-N5AgRXs4ngRRhPIr9U4plwk
https://www.tandfonline.com/doi/full/10.1080/14786419.2013.821122?casa_token=swPUdZHKvloAAAAA%3ADObr23X3VufUqdETQaknr1rIzsLA-Wnp0blUxSFMhoepqT_CSviIgQ3-N5AgRXs4ngRRhPIr9U4plwk
https://www.mdpi.com/1420-3049/24/23/4362
https://www.mdpi.com/1420-3049/24/23/4362


Iran. J. Chem. Chem. Eng. Irfab A. et al. Vol. 40, No. 5, 2021 

 

1640                                                                                                                                                              Research Article 

[9] Ahmad N.S., Waheed A., Farman M., Qayyum A., 

Analgesic and Anti-Inflammatory Effects of Pistacia 

Integerrima Extracts in Mice, Journal of 

Ethnopharmacology, 129(2): 250-253 (2010). 

[10] Nocentini A., Supuran C.T., Carbonic Anhydrase 

Inhibitors as Antitumor/Antimetastatic Agents: A 

Patent Review (2008–2018), Expert Opinion on 

Therapeutic Patents, 28(10): 729-740 (2018). 

[11] Burmaoglu S., Yilmaz A.O., Polat M.F., Kaya R., 

Gulcin İ., Algul O., Synthesis and Biological 

Evaluation of Novel Tris-Chalcones as Potent 

Carbonic Anhydrase, Acetylcholinesterase, 

Butyrylcholinesterase and Α-Glycosidase Inhibitors, 

Bioorganic Chemistry, 85: 191-197 (2019). 

[12] Ekinci D., Karagoz L., Ekinci D., Senturk M., 

Supuran C.T., Carbonic Anhydrase Inhibitors: In Vitro 

Inhibition of Α Isoforms (HCA I, HCA II, BCA III, HCA 

IV) by Flavonoids, Journal of Enzyme Inhibition and 

Medicinal Chemistry, 28(2): 283-288 (2013). 

[13] Angeli A., Tanini D., Capperucci A., Malevolti G., 

Turco F., Ferraroni M., Supuran C.T., Synthesis of 

Different Thio-Scaffolds Bearing Sulfonamide with 

Subnanomolar Carbonic Anhydrase II and IX 

Inhibitory Properties and X-Ray Investigations for 

Their Inhibitory Mechanism, Bioorganic Chemistry, 

81: 642-648 (2018). 

[14] Załuski D., Kuźniewski R., In Vitro Anti-AChE, 

Anti-BuChE, and Antioxidant Activity of 12 Extracts 

of Eleutherococcus Species, Oxidative Medicine and 

Cellular Longevity, 2016:    -     (2016). 

[15] Atmaca U., Yıldırım A., Taslimi P., Çelik S.T., 

Gülçin İ., Supuran C.T., Çelik M., Intermolecular 

Amination of Allylic and Benzylic Alcohols Leads to 

Effective Inhibitions of Acetylcholinesterase Enzyme 

and Carbonic Anhydrase I and II Isoenzymes, 

Journal of Biochemical and Molecular Toxicology, 

32(8): e22173 (2018). 

[16] Espinosa S., Bec N., Larroque C., Ramírez J., 

Sgorbini B., Bicchi C., Gilardoni G., Chemical, 

Enantioselective, and Sensory Analysis of a Cholinesterase 

Inhibitor Essential Oil from Coreopsis Triloba S. ff.  

Blake (Asteraceae), Plants, 8(11): 448 (2019). 

[17] Rahman A.U., Ngounou F., Choudhary M.I., Malik S., 

Makhmoor T., Nur-E-Alam M., Zareen S., Lontsi D., 

Ayafor J., Sondengam B., New Antioxidant and 

Antimicrobial Ellagic Acid Derivatives from Pteleopsis 

Hylodendron, Planta Medica, 67(04): 335-339 (2001). 

[18] Göçer H., Akincioğlu A., Göksu S., Gülçin İ., 

Supuran C.T., Carbonic Anhydrase and 

Acetylcholinesterase Inhibitory Effects of 

Carbamates and Sulfamoylcarbamates, Journal of 

Enzyme Inhibition and Medicinal Chemistry, 30(2): 

316-320 (2015). 

[19] Hİsar O., Beydemİr Ş., Gülçİn İ., Küfrevİoğlu Ö.İ., 

Supuran C.T., Effects of Low Molecular Weight 

Plasma Inhibitors of Rainbow Trout (Oncorhynchus 

Mykiss) on Human Erythrocyte Carbonic Anhydrase-

II Isozyme Activity in Vitro and Rat Erythrocytes  

in Vivo, Journal of Enzyme Inhibition and Medicinal 

Chemistry, 20(1): 35-39 (2005). 

[20] Ellman G.L., Courtney K.D., Andres Jr V., 

Featherstone R.M., A New and Rapid Colorimetric 

Determination of Acetylcholinesterase Activity, 

Biochemical Pharmacology, 7(2): 88-95 (1961). 

[21] Taslimi P., Osmanova S., Caglayan C., Turkan F., 

Sardarova S., Farzaliyev V., Sujayev A., Sadeghian N., 

Gulçin İ., Novel Amides of 1, 1‐ Bis‐

(Carboxymethylthio)‐ 1‐ Arylethanes: Synthesis, 

Characterization, Acetylcholinesterase, 

Butyrylcholinesterase, and Carbonic Anhydrase 

Inhibitory Properties, Journal of Biochemical and 

Molecular Toxicology, 32(9): e22191 (2018). 

[22] Najafi M., Naqvi S.A.R., Theoretical Study of the 

Substituent Effect on the Hydrogen Atom Transfer 

Mechanism of the Irigenin Derivatives Antioxidant 

Action, J. Theor. Comput. Chem., 13(02): 1450010 

(2014). 

[23] Mikulski D., Eder K., Molski M., Quantum-Chemical 

Study on Relationship between Structure and 

Antioxidant Properties of Hepatoprotective 

Compounds Occurring in Cynara Scolymus and 

Silybum Marianum, J. Theor. Comput. Chem., 

13(01): 1450004 (2014). 

[24] Sadasivam K., Jayaprakasam R., Kumaresan R.,  

A DFT Study on the Role of Different OH Groups  

in the Radical Scavenging Process, J. Theor. Comput. 

Chem., 11(04): 871-893 (2012). 

[25] Irfan A., Al-Zeidaneen F.K., Ahmed I.,  

Al-Sehemi A.G., Assiri M.A., Ullah S., Abbas G., 

Synthesis, Characterization and Quantum  

Chemical Study of Optoelectronic Nature of 

Ferrocene Derivatives, Bull. Mater. Sci., 43(1):  

45 (2020). 

https://www.sciencedirect.com/science/article/abs/pii/S0378874110001790
https://www.sciencedirect.com/science/article/abs/pii/S0378874110001790
https://www.tandfonline.com/doi/abs/10.1080/13543776.2018.1508453
https://www.tandfonline.com/doi/abs/10.1080/13543776.2018.1508453
https://www.tandfonline.com/doi/abs/10.1080/13543776.2018.1508453
https://www.sciencedirect.com/science/article/abs/pii/S0045206818315013
https://www.sciencedirect.com/science/article/abs/pii/S0045206818315013
https://www.sciencedirect.com/science/article/abs/pii/S0045206818315013
https://www.sciencedirect.com/science/article/abs/pii/S0045206818315013
https://www.tandfonline.com/doi/full/10.3109/14756366.2011.643303
https://www.tandfonline.com/doi/full/10.3109/14756366.2011.643303
https://www.tandfonline.com/doi/full/10.3109/14756366.2011.643303
https://www.sciencedirect.com/science/article/pii/S0045206818308113
https://www.sciencedirect.com/science/article/pii/S0045206818308113
https://www.sciencedirect.com/science/article/pii/S0045206818308113
https://www.sciencedirect.com/science/article/pii/S0045206818308113
https://www.sciencedirect.com/science/article/pii/S0045206818308113
https://www.hindawi.com/journals/omcl/2016/4135135/
https://www.hindawi.com/journals/omcl/2016/4135135/
https://www.hindawi.com/journals/omcl/2016/4135135/
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22173?casa_token=Nz0K0kAbICUAAAAA%3Ap9upoTF6KeGoirzTqiBrYEXhWeReTormjPKh0XC5_RWwyiHf5Rp372GsCC14Zly8CBZjV_Twlo3X8sc
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22173?casa_token=Nz0K0kAbICUAAAAA%3Ap9upoTF6KeGoirzTqiBrYEXhWeReTormjPKh0XC5_RWwyiHf5Rp372GsCC14Zly8CBZjV_Twlo3X8sc
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22173?casa_token=Nz0K0kAbICUAAAAA%3Ap9upoTF6KeGoirzTqiBrYEXhWeReTormjPKh0XC5_RWwyiHf5Rp372GsCC14Zly8CBZjV_Twlo3X8sc
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22173?casa_token=Nz0K0kAbICUAAAAA%3Ap9upoTF6KeGoirzTqiBrYEXhWeReTormjPKh0XC5_RWwyiHf5Rp372GsCC14Zly8CBZjV_Twlo3X8sc
https://www.mdpi.com/2223-7747/8/11/448
https://www.mdpi.com/2223-7747/8/11/448
https://www.mdpi.com/2223-7747/8/11/448
https://www.mdpi.com/2223-7747/8/11/448
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2001-14306
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2001-14306
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2001-14306
https://www.tandfonline.com/doi/full/10.3109/14756366.2014.928704
https://www.tandfonline.com/doi/full/10.3109/14756366.2014.928704
https://www.tandfonline.com/doi/full/10.3109/14756366.2014.928704
https://www.tandfonline.com/doi/abs/10.1080/1475636040001704461
https://www.tandfonline.com/doi/abs/10.1080/1475636040001704461
https://www.tandfonline.com/doi/abs/10.1080/1475636040001704461
https://www.tandfonline.com/doi/abs/10.1080/1475636040001704461
https://www.tandfonline.com/doi/abs/10.1080/1475636040001704461
https://www.sciencedirect.com/science/article/abs/pii/0006295261901459
https://www.sciencedirect.com/science/article/abs/pii/0006295261901459
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22191?casa_token=J8CEcha7YH4AAAAA%3ANFzrLzy97BvlYXYybsVsXrRukmIefEaES9k6MJhw-_lEmnFNYQEAx_Eh1B07sVoL6C5c8echrtg9q40
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22191?casa_token=J8CEcha7YH4AAAAA%3ANFzrLzy97BvlYXYybsVsXrRukmIefEaES9k6MJhw-_lEmnFNYQEAx_Eh1B07sVoL6C5c8echrtg9q40
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22191?casa_token=J8CEcha7YH4AAAAA%3ANFzrLzy97BvlYXYybsVsXrRukmIefEaES9k6MJhw-_lEmnFNYQEAx_Eh1B07sVoL6C5c8echrtg9q40
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22191?casa_token=J8CEcha7YH4AAAAA%3ANFzrLzy97BvlYXYybsVsXrRukmIefEaES9k6MJhw-_lEmnFNYQEAx_Eh1B07sVoL6C5c8echrtg9q40
https://onlinelibrary.wiley.com/doi/full/10.1002/jbt.22191?casa_token=J8CEcha7YH4AAAAA%3ANFzrLzy97BvlYXYybsVsXrRukmIefEaES9k6MJhw-_lEmnFNYQEAx_Eh1B07sVoL6C5c8echrtg9q40
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500102
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500102
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500102
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500102
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500047
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500047
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500047
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500047
https://www.worldscientific.com/doi/abs/10.1142/S0219633614500047
https://www.worldscientific.com/doi/abs/10.1142/S0219633612500599
https://www.worldscientific.com/doi/abs/10.1142/S0219633612500599
https://link.springer.com/article/10.1007/s12034-019-1992-0
https://link.springer.com/article/10.1007/s12034-019-1992-0
https://link.springer.com/article/10.1007/s12034-019-1992-0


Iran. J. Chem. Chem. Eng. Quantum Chemical and Experimental Exploration ... Vol. 40, No. 5, 2021 

 

Research Article                                                                                                                                                                1641 

[26] Irfan A., Al-Sehemi A.G., Assiri M.A., Ullah S., 

Exploration the Effect of Metal and Electron 

Withdrawing Groups on Charge Transport and 

Optoelectronic Nature of Schiff Base Ni(II), Cu(II) 

and Zn(II) Complexes at Molecular and Solid-State 

Bulk Scales, Mater. Sci. Semicond. Process., 107: 

104855 (2020). 

[27] Irfan A., Absorption Spectra and Electron Injection 

Study of the Donor Bridge Acceptor Sensitizers by 

Long Range Corrected Functional, Iranian Journal of 

Chemistry and Chemical Engineering (IJCCE), 

33(2): 11-28 (2014). 

[28] Seif N., Farhadi A., Badri R., Kiasat A.R., An 

Experimental and Theoretical Study on Bicyclo-3,4-

Dihydropyrimidinone Derivative: Synthesis and DFT 

Calculation, Iranian Journal of Chemistry and 

Chemical Engineering (IJCCE), 38(6): 21-29 - (2019). 

[29] Khalil Warad I., Al-Nuri M., Ali O., Abu-Reidah I.M., 

Barakat A., Ben Hadda T., Zarrouk A., Radi S., 

Touzani R., Hicham E., Synthesis, Physico-Chemical, 

Hirschfield Surface and DFT/B3lYP Calculation  

of Two New Hexahydropyrimidine Heterocyclic 

Compounds, Iranian Journal of Chemistry and 

Chemical Engineering (IJCCE), 38(4): 59-68 (2019). 

[30] Demirtaş G., Dege N., Ağar E., Şahin S., The 

Crystallographic, Spectroscopic and Theoretical 

Studies on (E)-2-[((4-Fluorophenyl)Imino)Methyl]-

4-Nitrophenol and (E)-2-[((3-

Fluorophenyl)Imino)Methyl]-4-Nitrophenol 

Compounds, Iranian Journal of Chemistry and 

Chemical Engineering (IJCCE), 37(5): 55-65 (2018). 

[31] Irfan A., Muhammad S., Chaudhry A.R., Al-Sehemi A.G., 

Jin R., Tuning of Optoelectronic and Charge 

Transport Properties in Star Shaped 

Anthracenothiophene-Pyrimidine Derivatives as 

Multifunctional Materials, Optik - Intern. J. Light 

Elect. Optics, 149(Supplement C): 321-331 (2017). 

[32] Irfan A., Kalam A., Chaudhry A.R., Al-Sehemi A.G., 

Muhammad S., Electro-Optical, Nonlinear and 

Charge Transfer Properties of Naphthalene Based 

Compounds: A Dual Approach Study, Optik - Intern. 

J. Light Elect. Optics, 132: 101-110 (2017). 

[33] Irfan A., Assiri M., Al-Sehemi A.G., Exploring the 

Optoelectronic and Charge Transfer Performance of 

Diaza[5]Helicenes at Molecular and Bulk Level, Org. 

Electron., 57: 211-220 (2018). 

[34] Helander I., Nurmiaho-Lassila E.-L., Ahvenainen R., 

Rhoades J., Roller S., Chitosan Disrupts the Barrier 

Properties of the Outer Membrane of Gram-Negative 

Bacteria, International Journal of Food 

Microbiology, 71(2-3): 235-244 (2001). 

[35] Rahman M.H., Shovan L.R., Hjeljord L.G., Aam 

B.B., Eijsink V.G., Sørlie M., Tronsmo A., Inhibition 

of Fungal Plant Pathogens by Synergistic Action of 

Chito-Oligosaccharides and Commercially Available 

Fungicides, Plos one, 9(4):    -     (2014). 

[36] Gulcin I., Beydemir S., Phenolic Compounds as 

Antioxidants: Carbonic Anhydrase Isoenzymes 

Inhibitors, Mini-Reviews in Medicinal Chemistry, 

13(3): 408-430 (2013). 

[37] Morris J.C., Chiche J., Grellier C., Lopez M., 

Bornaghi L.F., Maresca A., Supuran C.T., 

Pouysségur J., Poulsen S.-A., Targeting Hypoxic 

Tumor Cell Viability with Carbohydrate-Based 

Carbonic Anhydrase IX and XII Inhibitors, Journal 

of Medicinal Chemistry, 54(19): 6905-6918  

(2011). 

[38] Winum J.-Y., Colinas P.A., Supuran C.T., Glycosidic 

Carbonic Anhydrase IX Inhibitors: A Sweet 

Approach against Cancer, Bioorganic & Medicinal 

chemistry, 21(6): 1419-1426 (2013). 

[39] Akhtar M.N., Lam K.W., Abas F., Ahmad S., Shah S.A.A., 

Choudhary M.I., Lajis N.H., New Class of 

Acetylcholinesterase Inhibitors from the Stem Bark 

of Knema Laurina and their Structural Insights, 

Bioorganic & Medicinal Chemistry Letters, 21(13): 

4097-4103 (2011). 

[40] Vektariene A., Vektaris G., Svoboda J., A Theoretical 

Approach to the Nucleophilic Behavior of 

Benzofused Thieno [3, 2-B] Furans Using DFT and 

HF Based Reactivity Descriptors, Arkivoc, 7: 311-

329 (2009). 

[41] Geerlings P., De Proft F., Langenaeker W., 

Conceptual Density Functional Theory, Chemical 

Reviews, 103(5): 1793-1874 (2003). 

[42] https://www2.chemistry.msu.edu/faculty/harrison/ 

cem483/work_functions.pdf 

https://www.sciencedirect.com/science/article/abs/pii/S1369800119320487
https://www.sciencedirect.com/science/article/abs/pii/S1369800119320487
https://www.sciencedirect.com/science/article/abs/pii/S1369800119320487
https://www.sciencedirect.com/science/article/abs/pii/S1369800119320487
https://www.sciencedirect.com/science/article/abs/pii/S1369800119320487
http://www.ijcce.ac.ir/article_10748.html
http://www.ijcce.ac.ir/article_10748.html
http://www.ijcce.ac.ir/article_10748.html
http://www.ijcce.ac.ir/article_35673.html
http://www.ijcce.ac.ir/article_35673.html
http://www.ijcce.ac.ir/article_35673.html
http://www.ijcce.ac.ir/article_35673.html
https://iranjournals.nlai.ir/1295/article_637835_6fc6f969a1fdcdf6f829fd872fa9add1.pdf
https://iranjournals.nlai.ir/1295/article_637835_6fc6f969a1fdcdf6f829fd872fa9add1.pdf
https://iranjournals.nlai.ir/1295/article_637835_6fc6f969a1fdcdf6f829fd872fa9add1.pdf
https://iranjournals.nlai.ir/1295/article_637835_6fc6f969a1fdcdf6f829fd872fa9add1.pdf
http://www.ijcce.ac.ir/article_35424.html
http://www.ijcce.ac.ir/article_35424.html
http://www.ijcce.ac.ir/article_35424.html
http://www.ijcce.ac.ir/article_35424.html
http://www.ijcce.ac.ir/article_35424.html
http://www.ijcce.ac.ir/article_35424.html
https://www.sciencedirect.com/science/article/abs/pii/S0030402617311269
https://www.sciencedirect.com/science/article/abs/pii/S0030402617311269
https://www.sciencedirect.com/science/article/abs/pii/S0030402617311269
https://www.sciencedirect.com/science/article/abs/pii/S0030402617311269
https://www.sciencedirect.com/science/article/abs/pii/S003040261631573X
https://www.sciencedirect.com/science/article/abs/pii/S003040261631573X
https://www.sciencedirect.com/science/article/abs/pii/S003040261631573X
https://www.sciencedirect.com/science/article/abs/pii/S1566119918301289
https://www.sciencedirect.com/science/article/abs/pii/S1566119918301289
https://www.sciencedirect.com/science/article/abs/pii/S1566119918301289
https://www.sciencedirect.com/science/article/abs/pii/S0168160501006092
https://www.sciencedirect.com/science/article/abs/pii/S0168160501006092
https://www.sciencedirect.com/science/article/abs/pii/S0168160501006092
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093192
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093192
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093192
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093192
https://www.ingentaconnect.com/content/ben/mrmc/2013/00000013/00000003/art00009
https://www.ingentaconnect.com/content/ben/mrmc/2013/00000013/00000003/art00009
https://www.ingentaconnect.com/content/ben/mrmc/2013/00000013/00000003/art00009
https://pubs.acs.org/doi/abs/10.1021/jm200892s
https://pubs.acs.org/doi/abs/10.1021/jm200892s
https://pubs.acs.org/doi/abs/10.1021/jm200892s
https://www.sciencedirect.com/science/article/abs/pii/S096808961200867X
https://www.sciencedirect.com/science/article/abs/pii/S096808961200867X
https://www.sciencedirect.com/science/article/abs/pii/S096808961200867X
https://www.sciencedirect.com/science/article/abs/pii/S0960894X11005245
https://www.sciencedirect.com/science/article/abs/pii/S0960894X11005245
https://www.sciencedirect.com/science/article/abs/pii/S0960894X11005245
http://www.arkat-usa.org/get-file/28734/ark2009-7.pdf
http://www.arkat-usa.org/get-file/28734/ark2009-7.pdf
http://www.arkat-usa.org/get-file/28734/ark2009-7.pdf
http://www.arkat-usa.org/get-file/28734/ark2009-7.pdf
https://pubs.acs.org/doi/abs/10.1021/cr990029p
https://www2.chemistry.msu.edu/faculty/harrison/%20cem483/work_functions.pdf
https://www2.chemistry.msu.edu/faculty/harrison/%20cem483/work_functions.pdf

