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A B S T R A C T   

Pistacia chinensis is locally practiced for treating diabetes, pain, inflammation, and erectile 
dysfunction. Therefore, the current studies subjected the crude extract/fractions and the isolated 
compound (2-(3,4-dihydroxyphenyl)-7,8-dihydroxy-3-methoxy-4H-chromen-4-one) to α-glucosi-
dase inhibitor and anti-glycation activities. The development of long-term complications associ-
ated with diabetes is primarily caused by chronic hyperglycemia. Regarding α-glucosidase, the 
most significant inhibitory effect was observed with compound 1 (93.09%), followed by the 
methanolic extract (80.87%) with IC50 values of 45.86 and 86.32 μM. The maximum anti- 
glycation potential was shown by an isolated compound 1 followed by methanolic extract with 
effect inhibition of 90.12 and 72.09, respectively. Compound 1 is expected to have the highest 
gastrointestinal absorption rate, with a predicted absorption rate of 86.156%. This indicates oral 
suitability. The compound 1 is expected to have no harmful effects on the liver. In addition, our 
docking results suggest that alpha-glucosidase and isolated compounds showed strong interaction 
with ILE821, GLN900, and ALA901 residues, along with a − 11.95 docking score.   

1. Introduction 

The main factors contributing to mortality in diabetes mellitus (DM) are long-term complications caused by high blood sugar levels 
[1]. Maintaining vigilant and consistent control over one’s blood glucose levels can help alleviate these symptoms. At the level of the 
arteries, injury to the micro- and macrovascular systems leads to heart disease, stroke, and other cardiovascular problems. Myocardial 
infarction and cerebral ischemia are potential outcomes of these conditions [2,3]. Non-enzymatic glycation of plasma proteins 
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(albumin, collagen, globulin, and fibrinogen) is characteristic of glucose accumulation in chronic hyperglycemia [1,4]. Retinopathy, 
nephropathy, and cardiomyopathy are all consequences of diabetes that have strong links to protein glycation and the production of 
advanced glycation end products (AGEs) [1]. Recent research has shown that AGEs impact intracellular signaling, gene expression, and 
the production of pro-inflammatory chemicals and free radicals. These effects occur through interactions with specific plasma 
membrane receptors known as RAGE [5]. The brush-rim membrane of intestinal cells may contain the hydrolase beta-glucosidase. It 
contributes to the elevation of blood sugar levels after a meal by catalyzing the hydrolysis of dietary oligosaccharides into glucose 
molecules. By inhibiting enzyme activity, the postprandial glycemic peak can be reduced, and glycemia can be maintained [6], also in 
multi-drug combination therapy [7,8]. Consequently, the post-meal glucose surge is diminished. 

For millennia, plants have been recognized as having direct therapeutic effects for treating common disorders [9,10]. Pistacia 
chinensis (P. chinensis) is an abundant species of Pistacia native to Asia. Traditional uses for P. chinensis include wood, seed oil, 
ornamental applications, and folk remedies for detoxification, pharyngitis, and diarrhea. According to De Pooter et al. [11], the 
primary chemical components of P. chinensis leaf essential oils cultivated in Egypt were trans-8-ocimene, limonene, and others. The 
twig extract of P. chinensis [12] yielded two 3-3″-dimeric 4-phenyl dihydro coumarin compounds with estrogen-like activity. In Ay-
urvedic medicine, the galls of P. chinensis are used to treat a variety of conditions, including but not limited to hiccups, asthma, chronic 
bronchitis, phthisis, fever, vomiting in neonates, skin diseases, psoriasis, serpent bite, scorpion sting, increased hunger, and removal of 
bed humor [13]. There is significant medicinal promise due to the plant’s pharmacological action and active components. The plant 
P. integerrima has piqued the interest of researchers, and a vast amount of literature is already available [14]. Few studies have 
examined specific aspects of P. chinensis. In Pakistan, P. chinensis galls treat hepatitis and liver disorders. Leishmanicidal [15], 
depressant [16], analgesic and anti-inflammatory [17], spasmolytic [18], and hyperuricemic [19] properties have been reported. 
Noureen et al. concluded that the bark of P. chinensis could be a suitable source for isolating potent antioxidant compounds [20]. This 
study aims to investigate the potential inhibitory effects of compound 1 isolated from Pistacia chinensis on the proliferation of 
α-glucosides and glycation through in vitro screenings. 

2. Material and methods 

2.1. Collection of plant material 

Pistacia chinensis tree bark was collected from the Hostel 02 area at the University of Peshawar in KP, Pakistan. Dr. Muhammad 
Ilays, the director of the Botany Department at the University of Swabi, successfully ascertained the botanical classification of the plant 
specimen. Herbarium of this department currently contains the voucher specimen UOS/Bot-55. 

2.2. Extractions and isolation 

The barks of Pistacia chinensis were cleaned using water and dried in the shade. The 7.34 kg of shade-dried plant materials were 
processed in a grinder machine to create a finely powdered plant material. The ground plant materials (7.20 kg) were soaked in 
methanol for 16 days until the extraction was completed. The obtained extract was filtered and concentrated using a rotary evaporator 
under low temperatures and pressure, resulting in a crude extract weighing 81.29 gm. Using a separating funnel, the crude extract 
(81.29 g) was fractionated into hexane (5.01 g), chloroform (17.12 g), ethyl acetate (6.43 g), and methanolic fractions (32.98 g). Based 
on the TLC profile, the methanolic extract was subjected to repeated column chromatography using silica gel. The column was eluted 
with chloroform and methanol which afforded AF01-AF-104 sub-fractions. Based on the TLC profile the sub-fraction AF-13 was 
subjected to penical column chromatography; the column was eluted with methanol and chloroform (04:96), yielding compound 1. 
Furthermore, compound 1 was purified by recrystallization in a mixture of chloroform and methanol (1:1). yielding pure crystals of 
compound 1. The chemical structure of compound 1 was determined through analysis of physical and spectroscopic data [21,22]. 

Abbreviations 

ADMET Absorption, Distribution, Metabolism, Excretion and Toxicity 
AGE Advanced Glycation Endproduct 
BSA Bovine Serum Albumins 
D.M Diabetes Mellitus 
MGO Methylglyoxal 
MOE Molecular Operating Environment 
PDB Protein Data Bank 
PLI Protein-Ligand Interaction 
RAGE Receptor for Advanced Glycation Endproduct 
SMILES Simplified Molecular-Input Line-Entry System 
TLC Thin Layer Chromatography  
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2.3. Evaluation of α-Glucosidase inhibitory activity 

Uddin et al. (2012) outline a technique for assessing the efficacy of crude extracts and compound 1 in inhibiting α-glucosidase [23]. 
On the enzyme α-glucosidase (EC3.2.1.20), the inhibitory effect of a phosphate buffer (0.1 M, pH 6.8) and 37 ◦C was determined. In 
this investigation, α-glucosidase enzyme (0.2/mL) was incubated for 15 min at 37 ◦C with (0.2 μg concentration) and compound 1 (0.2 
μM) in buffered saline. After mixing the substrate (0.7 Mm, p-nitrophenyl-d-glucopyranoside), the spectrophotometer was used to 
measure the time-dependent change in 400 nm absorbance. 75% DMSO‑d6 was substituted for the examined extracts and compound 1 
in the control. As a standard for α-glucosidase activity, acarbose was utilized. This equation was used to determine the percentage of 
effort expended. 

Percetage Inhibition= 100 −
OD test well
OD Control

∗ 100  

2.4. Evaluation of antiglycation activity 

This activity was evaluated using a modified version of the reported method [24]. Using aseptic conditions, three separate samples 
of bovine serum albumin (BSA) with a concentration of 10.0 mg/mL, 14.0 mM methylglyoxal (MGO), and 0.10 M phosphate buffer (pH 
7.4) containing 30.0 mM NaN3 were placed in each well of a 96-well plate. 0.2 mg/mL of salicylalazine was added to 50 mL of bovine 
serum albumin solution and 50 mL of methyl guanidine octanoate. The plate was then incubated for nine days at 37 ◦C, with and 
without the presence of 0.2 μM of test compounds. Glycation of the protein was evaluated by measuring the specific fluorescence 
(excitation: 330 nm; emission: 440 nm) against a blank using a microtiter plate spectrophotometer (Spectra Max, Molecular Devices, 
California, United States). This was done after the protein had been incubated for nine days. The IC50 value for Rutin was determined 
to be 294 ± 1.50 mM ± standard error of the mean (SEM). 

2.5. ADMET predictions 

The ADMET predictions were performed using the online free software. The SMILES were found using “SwissADME (http://www. 
swissadme.ch/index.php)", and the SMILES were then entered in the “pkCMS (https://biosig.lab.uq.edu.au/pkcsm/prediction)" for the 
prediction of pharmacokinetics properties of like absorption, distribution, metabolism, and excretion. 

2.6. Molecular docking 

Molecular docking was performed to investigate how synthetic molecules bind with alpha-glucosidase using the Molecular 
Operating Environment (MOE). First, Chem Draw was used to create the 3D structure for the isolated compound 1. The isolated 
compound 1 was protonated and energy was reduced by using the MOE’s default settings. Alpha glucosidase’s structural coordinates 
were acquired from the protein databank with PDB code 3W37 [25]. The protonation process also used the default value of the MOE’s 
structure preparation module, hydrogen atoms were added, and water molecules and other co-factors were removed. The energy was 
minimized for the selected coordinate to obtain the lowest energy conformation. In the docking parameter, we used MMFF94x force 
field and the triangle matcher placement algorithm. For scoring the poses, the London dG method was applied (Ajmal, A. et al., 2023). 
Finally, the docking investigation used the MOE default parameters [26]. Protein-ligand interaction (PLI) analysis was performed on 
the top-ranked conformations determined by docking score (S) and binding interaction. 

2.6.1. Reference 
Ajmal, A. et al., Computer-assisted drug repurposing for thymidylate kinase drug target in monkeypox virus. Frontiers in Cellular 

and Infection Microbiology, 2023. 13: p. 618. 

2.7. Statistical analysis 

The data was presented in the form of percentages and IC50 values. 

3. Results 

3.1. α-glucosidase inhibitory effect 

The effect of crude extract/fractions and isolated compound 1 of Pistacia chinensis against α-glucosidase is presented in Table 1. 
The maximum percent inhibitory effect was noticed against compound 1 (93.09%), followed by methanolic extract (80.87%) with 
IC50 values of 45.86 and 86.32 μM. The standard α-glucosides inhibitor was used as acorbose (95.98% inhibition). 

3.2. Antiglycation effect 

The data presented in Table 2 showcases the antiglycation effect of the extract/fractions and isolated compound (1) derived from 
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Pistacia chinensis. The isolated compound 1 demonstrated the maximum impact, followed by the methanolic extract, with 90.12% and 
72.09% inhibitory effects, respectively. 

3.3. ADMET predictions 

The pharmacokinetic properties of compound 1 are outlined in Table 3. Compound 1 is expected to have the highest gastroin-
testinal (GI) absorption rate, estimated at 86.156%. The following is an indication of the oral suitability. The observed low BBB 
permeability could be attributed to the presence of hydroxyl groups. The compound is anticipated to exhibit no hepatotoxicity. 

3.4. Docking studies 

During the investigation, the isolated compound 1 was discovered to form two hydrogen bond donor contacts with ILE821 and 
GLN900 in the docking results against alpha-glucosidase. At the same time, ALA901 forms one pi-H interaction bond with the isolated 
compound. As shown in Table 4, the anticipated value for the docking score of the isolated molecule was found to be − 11.95 kcal/mol. 
Fig. 1a indicates the three-dimensional structure of optimized compound 1 and the binding interactions of compound 1 with alpha- 
glucosidase are indicated in Fig. 1b. The overall result indicates that the isolated molecule (1; Fig. 2) strongly interacts with the 
alpha-glucosidase active site, showing the isolated compound has considerable inhibitory potential against alpha-glucosidase. 

4. Discussion 

Natural products are gaining popularity and acceptance by the world population of both developing and non-developing countries. 
This upsurge in natural product consumption is due to its high safety profile and economical nature. The general public considers 
plant-based medicines free of side effects. However, natural products are not entirely free of any side effects. They are safer as 
compared to synthetic drugs. In the current research studies, the crude extract/fractions and isolated compound of Pistacia chinensis 
were subjected to evaluate the anti-diabetic effect in the highest regard for discovering a secure and efficacious anti-diabetic agent. The 
treatment of diabetes is an enduring therapy associated with different side effects. 

Moreover, the use of synthetic drugs leads to poor patient compliance and is associated with multiple adverse effects [27]. These 
factors compel the patient to switch the therapeutic plane from synthetic to alternative medicines. Diabetes is one of the chronic 
disorders that affects multiple biological systems with time. Therefore, searching for safe and effective therapeutic agents is the need of 
the day. Different medicinal plant extracts and compounds have been shown to have significant anti-diabetic effects [28]. Therefore, 
the Pistacia chinensis extract and nanoparticles were subjected to investigate the anti-diabetic impact on the current research. The 
Pistacia chinensis and the genus Pistacia are locally practiced for treating and managing diabetes in different parts of the world. In 
addition to the anti-diabetic effect, it is also used to reduce pain and inflammation. 

The significant inhibition of α-glucosidase indicates the anti-hyperglycemic property of extract and compound. The α-glucosidase 
antagonistic molecules attenuate the blood glucose level by inhibiting the metabolism of complex carbohydrates. Once this digestion is 
delayed, simple carbohydrate moieties will not be available for absorption so the blood glucose level will decrease. The anti-diabetic 
effect of the extract or isolated compound might be involved in inhibiting the metabolism of complex carbohydrates. This inhibition of 
carbohydrate metabolism converts the hyperglycemic situation to normoglycemia. However, the induction of hypoglycemia might be 
a side effect of this extract or plant. The excess of sugar leads to the glycation of protein and forming advanced glycation end products 
(AGPs). These AGPs are notorious for different harmful effects like inflammation, etc. Our tested samples significantly inhibited the 
glycation, leading to anti-diabetic and anti-inflammatory effects. Chronic hyperglycemia primarily contributes to developing long- 
term complications associated with diabetes by inducing protein glycation and the sluggish production of advanced glycation end 
products (AGEs) in numerous body tissues. So, the anti-glycation drug will reduce AGEs. These endogenous molecules are biomarkers 
implicated in developing or worsening diabetes, nephrotic problems, atherosclerosis, etc. These complexes are also notorious for 
developing inflammatory cascades. To stop these complications, the anti-glycation process is of utmost importance. The isolated 
compound 1 and extract significantly blocked the glycation, indicating the above-mentioned benefits. Diabetic patients have problems 
with body aches, especially peripheral neuropathy retinopathy and erectile dysfunction. Interestingly, the tested plant is an analgesic 
and anti-inflammatory for erectile dysfunction. Molecular modeling or docking facilitates the analysis of inhibitor interactions with 
active site residues by predicting correct binding poses and affinity through consideration of factors such as electrostatic, steric 
hindrance, and hydrogen bonding analysis. The molecular docking interaction typically involves the formation of stable complexes 

Table 1 
α-glucosides inhibitory screening of extracts and isolated compound (1) from Pistacia chinensis.  

Samples Concentration % inhibition IC50 μM 

n- hexane 0.2 μg 47.98 – 
Chloroform 0.2 μg 69.20 121.98 ± 2.09 
Ethyl acetate 0.2 μg 77.54 92.87 ± 2.44 
Methanol 0.2 μg 80.87 85.32 ± 2.00 
Compound (1) 0.2 μM 93.09 45.86 ± 1.98 
Acorbose 0.2 μM 95.98 42.09 ± 1.65  
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through binding to key sides of protein, disrupting the normal function and leading to observed inhibition. The specificity and strength 
of these interactions play a crucial role in determining the effectiveness of the inhibitor in experimental settings. Therefore, we also 
carried out a molecular docking study for isolated compounds against alpha-glucosidase enzyme [29,30]. Our docking results revealed 
that the isolated compound 1 can strongly bond with alpha-glucosidase enzyme, with a docking score of − 11.95 kcal/mol. The 
predicted active site residues were Ile821, Gln900, and Ala901 (Fig. 1b). The residue Ile821 was found to be the same as reported. 
Overall, results found that compound 1 has a maximum percent inhibitory effect, less IC50 value, also exhibits a good docking score, 
and showed strong interactions with alpha-glucosidase. 

Table 2 
An antiglycation screening was conducted on extracts and an isolated compound (1) obtained from Pistacia chinensis.  

Samples Concentration % inhibition IC50 μM 

n-hexane 0.2 μg 32.87 – 
Chloroform 0.2 μg 41.09 – 
Ethyl acetate 0.2 μg 49.09 – 
Methanol 0.2 μg 72.09 280.09 
Compound (1) 0.2 μM 90.12 228.09 ± 1.09 
Standard (Rutin) 0.2 μM 97.21 220.12 ± 2.09  

Table 3 
Pharmacokinetic properties of compound 1 isolated from Pistacia chinensis.  

SMILES = “COC1=C(OC2=C(C=CC(O)=C2O)C1=O)C1=CC=C(O)C(O)=C1” 

Absorption  

Properties Numeric with unit 

01 Water solubility − 3.424 log mol/L 
02 Caco2 permeability − 0.149 log Papp in 10− 6 cm/s 
03 Intestinal absorption (human) 86.156 % 
04 Skin Permeability − 2.735 log kp 
05 P-glycoprotein (substrate) Yes 
06 P-glycoprotein I (inhibitor) No 
07 P-glycoprotein II (inhibitor) No 
Distribution 
01 BBB permeability − 1.411 log bb 
02 CNS permeability − 3.499 log PS. 
Biotransformation 
01 CYP2D6 (substrate) No 
02 CYP3A4 (substrate) No 
03 CYP1A2 (inhibitor) Yes 
Excretion 
01 Total Clearance 0.449 log ml/min/kg 
02 Renal OCT2 (substrate) No 
Toxicity 
01 AMES toxicity Yes 
02 Max. Tolerated dose (human) 0.804 log mg/kg/day 
03 Oral Rat Acute Toxicity (LD50) 2.546 mol/kg 
04 Oral Rat Chronic Toxicity (LOAEL) 2.178 log mg/kg_bw/day 
05 Hepatotoxicity No 
06 Skin Sensitisation No 
07 Tetrahymena pyriform toxicity 0.298 log ug/L 
08 Minnow toxicity 1.354 log Mm 
Physicochemical properties 
01 Number of rotatable bonds 02 
02 Number of H-bond (acceptors) 07 
03 Number of H-bond (donors) 04 
Druglikeness 
01 Lipinski Yes (No violation)  

Table 4 
Provides a detailed illustration of the binding interaction and docking score between the isolated compound and alpha-glucosidase.  

Compounds Receptor Interaction Distance E (kcal/mol) Docking Score 

OE1 GLN 900 H-donor 3.02 − 1.0 − 11.95 kcal/mol 
CB ALA 901 pi-H 3.68 − 0.5  
O6 ILE 821 H-donor 3.12 − 0.6   
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5. Conclusion 

It was concluded that the extract/fractions and the isolated compound 1 of Pistacia chinensis resulted in a significant alpha- 
glucosidase and antiglycation effect. These anti-diabetic effects provide a strong scientific background to the anti-diabetic folklore 
of Pistacia chinensis. The molecular docking also showed a good interaction of isolated compounds with targeted enzymes. 
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