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Abstract  

This study aimed to identify the main polyphenolic compounds of Allium sativum L. (A. sativum) extract and evaluate its 

antidiabetic and antihemolytic properties. A. sativum polyphenolic extract (ASPE) was subjected to UHPLC-MS/MS analysis 

to determine its polyphenolic composition. The antidiabetic activity was assessed through enzyme inhibition assays targeting 

α-amylase and α-glucosidase, comparing the extract’s efficacy to the standard drug acarbose. Hemolytic activity was evaluated 

using rat erythrocytes exposed to varying concentrations of the extract (5–100 mg/mL) to determine its cytotoxicity on blood 

cells. Statistical analyses were carried out to assess the significance of the observed effects. An in silico study was conducted 

using Mastro 11.5 from the Schrödinger suite to evaluate antidiabetic activity against α-amylase and α-glucosidase. UHPLC-

MS/MS analysis revealed mongophenoside B as the most abundant compound, alongside catechin and cyanidin 3-O-beta-D 

sambubioside. The extract demonstrated a strong inhibitory effect on α-amylase (82.31% inhibition at 1 mg/mL; IC50 = 0.047 ± 

0.002 mg/mL) and α-glucosidase (IC50 = 0.055 ± 0.004 mg/mL), surpassing acarbose in potency. Hemolytic assays indicated a 

dose-dependent increase in hemolysis, with significant cytotoxicity observed at higher concentrations (up to 21.24 ± 1.54% at 

100 mg/mL), suggesting safe application only at lower doses. The ASPE exhibits potent antidiabetic properties, attributable to 

the identified compounds catechin, cyanidin 3-O-beta-D sambubioside, and mongophenoside B, the latter reported here for the 

first time in garlic. These findings suggest that the synergistic action of these compounds contributes to effective enzyme 

inhibition. However, the extract’s hemolytic activity at higher doses indicates a need for caution in therapeutic applications. 

The in silico study showed strong inhibitory activity of mongophenoside B, catechin, and cyanidin 3-O-beta-D sambubioside 

against α-amylase and α-glucosidase, confirming the in vitro results. Further studies are warranted to explore the antidiabetic 

potential of mongophenoside B and to assess the extract’s safety profile for clinical use. 
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1. Introduction  

Garlic (Allium sativum L.), a plant species in the onion 

family (Amaryllidaceae), has been used as food and 

medicinal remedy for thousands of years. From ancient 

civilizations to modern medicine, garlic has been prominent 

in treating various ailments (Papu et al., 2014). The 

medicinal power of garlic lies primarily in its rich 

composition of bioactive compounds, particularly sulfur-
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containing compounds such as allicin, diallyl disulfide, and 

S-allyl cysteine (Chebaibi et al., 2022; Shang et al., 2019). 

These compounds have been reported to contribute to 

garlic's notable antimicrobial, antioxidant, anti-

inflammatory, and cardioprotective properties (Bayan et al., 

2014).  

One of the most significant areas of recent research is 

garlic’s role in managing diabetes. Diabetes mellitus is a 

chronic metabolic disorder characterized by high blood 

sugar levels due to the body's inability to produce or 

effectively utilize insulin. Type 2 diabetes is a growing 

public health issue affecting millions globally. Managing 

diabetes often involves lifestyle changes, medications, and 

dietary interventions to control blood glucose levels 

(Galaviz et al., 2018). 

Garlic has demonstrated potential as a natural therapeutic 

agent for diabetes management. Studies have shown that 

garlic can lower blood sugar levels, improve insulin 

sensitivity, and reduce inflammation, which are beneficial 

in managing type 2 diabetes (Choudhary et al., 2015). 

Allicin, a key bioactive compound in garlic, has been found 

to inhibit α-glucosidase and α-amylase, enzymes involved 

in the digestion of carbohydrates, thus reducing glucose 

absorption into the bloodstream (Khan et al., 2003). 

Moreover, garlic’s antioxidant properties help mitigate 

oxidative stress, which is critical in the pathogenesis of 

diabetes and its complications (Banerjee et al., 2003). 

In animal studies, garlic supplementation has been 

associated with improvements in lipid profiles, reduced 

insulin resistance, and lower blood glucose levels (Jelodar 

Gholamali et al., 2005). Human trials have also shown 

promising results, with several studies reporting that garlic 

supplementation can significantly reduce fasting blood 

glucose and HbA1c levels, which are important markers for 

diabetes control (Ried et al., 2013). Although more clinical 

trials are needed to confirm these findings, garlic’s potential 

as an adjunct treatment for diabetes management is 

undeniable. 

Garlic’s role in hemolytic activity is another area of 

significant research interest. Hemolysis, the destruction of 

red blood cells, can occur due to various factors, including 

infections, autoimmune diseases, and the consumption of 

certain substances (Fattizzo and Barcellini, 2022). Garlic’s 

phytochemicals have been studied for their hemolytic 

effects, particularly their ability to modulate oxidative stress 

in red blood cells. 

Garlic contains numerous sulfur compounds that have been 

found to enhance antioxidant defenses, protecting red blood 

cells from oxidative damage (Rahman and Lowe, 2006). 

This is particularly relevant in conditions where hemolysis 

is driven by oxidative stress, such as in cases of glucose-6-

phosphate dehydrogenase (G6PD) deficiency. G6PD is an 

enzyme that protects red blood cells from oxidative 

damage. In individuals with G6PD deficiency, the 

consumption of oxidative substances can lead to severe 

hemolysis. Some studies suggest that garlic may help 

reduce the risk of hemolysis by enhancing the body's 

antioxidant capacity and reducing oxidative stress (Amin 

and Hamza, 2006). 

Most studies on garlic have primarily focused on its sulfur-

containing compounds, which are well-known for their 

numerous health benefits. However, garlic also contains 

phenolic compounds and flavonoids, which possess 

significant pharmaceutical properties. These compounds are 

believed to contribute to garlic's antioxidant and therapeutic 

effects. Using ultrasound-assisted extraction, our study aims 

to identify garlic extracts' phenolic compounds and 

flavonoids and evaluate their potential antidiabetic and 

antihemolytic activities. 

2. Material and methods 

2.1. Plant Material and Extract Preparation 

A. sativum was purchased and dried in a shaded place in a 

well-ventilated room before being ground into powder. The 

extraction of polyphenols was carried out using the method 

described by Slighoua and co-workers (Slighoua et al., 

2022) with some modifications. 100g of the garlic plant’s 

bulb was extracted three times with 300 mL of methanol at 

25°C in a sonicator for 45 min. The extract was recovered 

and dried in the oven after removing the solvent with the 

filter papers. The extract was dissolved in 500 mL of 

distilled water and extracted three times with 200 mL of 

hexane and three times with 200 mL of chloroform to 

remove caffeine and chlorophyll. The aqueous phase was 

extracted with 200 mL of ethyl acetate and evaporated 

under low pressure. The polyphenol extract were dried and 

stored in the laboratory until use (Amrati et al., 2023). 

2.2. HPLC-MS-MS Analysis 

The ASPE was analyzed using high-performance liquid 

chromatography-tandem mass spectrometry (HPLC-

MS/MS). The experiment was conducted on an Acquity 

(Waters, CA, USA) that has a column oven, an autosampler 

and a quaternary pump. The suggested method made use of 

a Kinetex C18 reversed phase column (250 × 4.6 mm, 2.6 

μm particles) supplied by Thermo Fisher Scientific (CA, 

USA). Solvent A (0.1%) formic acid aqueous solution and 

solvent B (Methanol) were used to establish a gradient 

separation. The gradient was made in multiple steps. The 

flow rate in the mobile phase was 0.5 mL/min. The Xevo 

TQD, CA, USA manufactured the TQD triple quadrupole 

mass spectrometer, which was outfitted with a heated 

electrostatic spray (H-ESI) ionization source operating in 

negative mode. The temperature of the ion transfer tube and 

the H-ESI vaporizer were both set to 250°C. 3500 V was 

the electrospray voltage that was set. Complete scan MS 

capture mode in Q1 (m/z 50–900) (Metouekel et al., 2024). 

2.3. Antidiabetic activity 

2.3.1. In Vitro Inhibition of Pancreatic α-amylase 

To investigate the inhibitory activity of pancreatic α-

amylase in vitro, a modified protocol adapted from 

Elrherabi et al. was applied. Initially, 200 µL of 0.02 M 

phosphate buffer (pH 6.9) was mixed with 200 µL of the α-

amylase enzyme solution. This mixture was incubated at 

37°C for 10 minutes until use. Each reaction tube then 

received 200 µL of the test solutions (M1G, M2G, and AG 

at concentrations of 0.062, 0.125, 0.25, 0.5, and 1 mg/mL) 

along with an additional 200 µL of a 1% starch solution, 

followed by a 15-minute incubation period at 37°C 

(Elrherabi et al., 2024). 

To halt enzyme activity, 600 µL of the 3,5-dinitrosalicylic 

acid (DNSA) reagent was introduced, after which the tubes 

were heated to 100°C for 8 minutes. Rapid cooling in an ice 

bath was then performed. Each reaction was diluted by 

adding 1 mL of distilled water, and absorbance readings 

were taken at 540 nm using a spectrophotometer. 

A control reaction was conducted in parallel by substituting 

the plant extract with 200 µL of phosphate buffer to signify 

https://fmjpublishing.com/index.php/J2BR


Aboul-Soud et al.                                          J2BR (2024) Vol. 1 / Issue 2 

https://fmjpublishing.com/index.php/J2BR    107 

 

100% enzyme activity. Additionally, blank reactions were 

prepared using each plant extract concentration but without 

the enzyme solution to account for any baseline absorbance 

from the extracts. The positive control used acarbose, 

processed identically to the plant extracts. 

The inhibition percentage for each sample was determined 

using the following formula: 

% of inhibition  = (
𝐀𝐬𝐚𝐦𝐩𝐥𝐞−𝐀𝐜𝐨𝐧𝐭𝐫𝐨𝐥

𝑨𝒄𝒐𝒏𝒕𝒓𝒐𝒍
) × 𝟏𝟎𝟎 

A Control: Absorbance of enzymatic effects in the absence of an 

inhibitor. 

A Sample: Absorbance of the enzymatic effect in the presence of the 

extract or acarbose.  

The IC50 (concentration of samples that inhibit 50% of α-

amylase enzyme activity) was determined graphically using 

the function: percentage of inhibition = f(log(sample 

concentration)). 

2.3.2. In vitro Inhibition of Intestinal α-glucosidase  

This study utilized a slightly modified Elrherabi et al. 

(2024) method to assess α-glucosidase inhibitory activity. 

The test mixtures were prepared with 1 mL of phosphate 

buffer (pH 7.5), 0.1 mL of an α-glucosidase enzyme 

solution (10 IU), and 200 µL of ASPE, tested at 

concentrations of 0.062, 0.125, 0.25, 0.5, and 1 mg/mL. 

Control samples included distilled water as the negative 

control and acarbose at matching concentrations as the 

positive control (Elrherabi et al., 2024). 

The reaction mixtures underwent a preliminary incubation 

at 37°C for 20 minutes, after which 0.1 mL of sucrose 

solution was added to initiate the reaction. To terminate the 

reaction, the tubes were heated at 100°C for 5 minutes. 

After cooling, 1 mL of GOD-POD (Glucose Oxidase-

Peroxidase) reagent was added to each tube, followed by a 

secondary incubation at 37°C for 10 minutes. Absorbance 

was measured at a wavelength of 500 nm using a 

spectrophotometer. 

The inhibition rate was then calculated using the following 

formula: 

% Inhibition  = (
𝐀𝐬𝐚𝐦𝐩𝐥𝐞−𝐀𝐜𝐨𝐧𝐭𝐫𝐨𝐥

𝑨𝒄𝒐𝒏𝒕𝒓𝒐𝒍
) × 𝟏𝟎𝟎 

A control: Absorbance of enzymatic effects in the absence of an 

inhibitor. 

A Sample: Absorbance of the enzymatic effect in the presence of 

extract or acarbose.  

The IC50 (sample concentration that inhibits 50% of α-

amylase enzyme activity) was determined graphically using 

the function: inhibition percentage = f(log sample 

concentration). 

2.4. Antihemolytic activity 

2.4.1. Red Blood Cell Preparation 

Freshly obtained rat blood samples were mixed with a 

heparin-based anticoagulant solution. The blood sample 

underwent three consecutive washing cycles with sterile 

NaCl saline (0.9%) to obtain pure erythrocyte suspension. 

At each washing stage, cells were separated by 

centrifugation (3500 rpm for 10 minutes at 4°C), and the 

supernatant was carefully aspirated. Finally, the 

erythrocytes were resuspended in a physiological solution 

to form the 3% solution used in the hemolytic assay. 

2.4.2. Hemolytic Assay 

Evaluating the plant's hemolytic activity followed the 

previously described modified protocol (Saleh et al., 2021). 

In each hemolysis tube, 100 μL of extract at varying initial 

concentrations (5, 10, 50, and 100 mg/mL) was added to 

1.9 mL of a prepared erythrocyte suspension. These 

mixtures were incubated in a water bath at 37 °C for one 

hour. Every 15 minutes throughout this period, a 500 μL 

sample was drawn from each tube and diluted with 1.5 mL 

of phosphate-buffered saline (PBS) solution. After this, the 

tubes were subjected to centrifugation at 3000 rpm for a 

duration of 10 minutes to separate the components. The 

absorbance of the resulting supernatants was then recorded 

at a wavelength of 540 nm to detect hemoglobin release due 

to erythrocyte lysis. This measurement was taken using a 

UV-visible spectrophotometer, with PBS serving as a 

reference blank. Additionally, a negative control was 

prepared under the same conditions, using only PBS buffer 

in place of the extract to establish a baseline (Zejli et al., 

2024).  

The percentage of hemolysis was evaluated using a total 

hemolysis tube that included distilled water instead of 

extract under similar conditions. The rate of hemolysis of 

extract samples was calculated as a percentage (%) of total 

hemolysis after 60 minutes of incubation using the 

following equation: 

Hemolysis rate (%) = [(A – A0)/(At – A0)] x 100 

A, A0, and At represent the absorbance of the sample, the 

absorbance of the negative control, and the positive control 

(total hemolysis), respectively. 

2.5. In silico evaluation of antidiabetic activity 

2.5.1. Protein Preparation 

The structures of α-amylase (PDB: 1B2Y) and α-

glucosidase (PDB: 5NN8) were sourced from the Protein 

Data Bank (PDB) using the RCSB portal 

(http://www.rcsb.org/). Once transferred into the Maestro 

11.5 interface, each protein structure underwent thorough 

preparation to ensure computational readiness. This 

included defining bond orders, incorporating hydrogen 

atoms, establishing disulfide bonds where applicable, and 

filling any gaps inside chains or rings with Prime tools. To 

avoid interference, termini were capped, and any water 

molecules located beyond 5 Å from hetero groups were 

excluded. Additional refinements involved removing any 

remaining crystallization water and extraneous 

heteroatoms. Using the PROPKA tool, protonation states 

for both residues and ligands were adjusted to approximate 

experimental pH conditions (Kumar et al., 2022; Tourabi et 

al., 2023).  

2.5.2. Ligand Preparation 

Structures of catechin and cyanidin 3-O-beta-D 

sambubioside were obtained from the PubChem database, 

identified by PubChem CID: 9064 and 6602304, 

respectively. Mongophenoside B was drawn manually in 

ChemDraw, downloaded, and imported into the Maestro 

interface in .SDF format. The structures of these 

compounds were then optimized using the LigPrep tool. To 

ensure the ligands were prepared at a pH of 7.0 ± 2.0, the 

Epik module was employed to maintain chirality, perform 

desalting, and generate required tautomers. The 2D 

structures were converted into 3D models, followed by 

geometric minimization using the OPLS3e force field to 
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achieve the most stable conformation with necessary 

structural adjustments. The resulting optimized ligands 

were subsequently utilized in docking simulations (Amrati 

et al., 2023; Chebaibi et al., 2024). 

2.5.3. Binding site identification and molecular docking 

The Glide module's receptor lattice generation tool is 

employed to map potential docking sites for ligands 

within the protein structure. The grid must cover the 

region around the co-crystallized ligand, which is 

intentionally left out of the minimized protein structure to 

avoid any unintended effects on the docking process. The 

acceptor lattice is constructed using default settings, 

which include a van der Waals radius scaling factor of 1 Å 

and a partial charge cutoff of 0.25 Å. Flexible docking is 

then performed using the standard precision (SP) mode of 

the Glide module, enabling ligands to be positioned within 

the receptor lattice. Ligands are ranked based on their 

interactions with the target protein and their docking 

scores, with those demonstrating the highest affinity for 

the active site of the receptor being prioritized (El Abdali 

et al., 2023). 

3. Results and Discussion  

3.1. HPLC-MS-MS Analysis 

The extraction yield obtained for polyphenols was 7%. The 

UHPLC-MS/MS analysis of the SAPE identified three 

major compounds: mongophenoside B, cyanidin 3-O-beta-

D sambubioside, and catechin. Mongophenoside B is the 

most abundant compound. Cyanidin 3-O-beta-D 

sambubioside, an anthocyanin, was identified. Finally, 

catechin, a flavonoid known for its antioxidant properties, 

was also detected (Table 1, Figure 1). 

Table 1: Chromatographic analysis of polyphenolic 

compounds detected A. sativum by HPLC-MS-MS. 

No RT 
m/z 

(M-H)- 

Proposed 

compounds 
 

Concentration 

(µg/mg) 

1 1.66 517.89 Mongophenoside B  59.19 

2 24.24 580.22 
Cyanidin 3-O-beta-

D- sambubioside 
 24.782 

5 29.34 289.9 catechin  16.017 

 

The identification of these compounds is in agreement with 

scientific research on polyphenols in A. sativum extracts. 

The presence of catechin was confirmed by (Yang et al., 

2020). In addition, A. sativum is common for the presence 

of anthocyanins (Alam et al., 2023; Fossen and Andersen, 

1997). In addition, A. sativum is common for the presence 

of anthocyanins. Our study showed the presence of 

cyanidin 3-O-beta-D-sambubioside, while another study 

showed the presence of several anthocyanins, such as 

cyanidin-3-(6’-malonyl)- from Australian garlic cultivars 

(Phan et al., 2019). 

The identification of mongophenoside B has never 

been reported in A. sativum. The only study that reported 

this phytocompound in plants was by (Dong et al., 2020), 

where it was identified in another species of allium, Allium 

mongolicum Regel. 

 

Figure 1: HPLC-MS-MS chromatogram of ASPE 

3.2. Antidiabetic activity  

The antidiabetic results indicate that ASPE demonstrates 

notable inhibitory activity against the enzymes α-amylase 

and α-glucosidase, compared to acarbose, a standard 

inhibitor. 

In the inhibition of α-amylase, the results in figure 2 and 

table 2 showed that all tested doses significantly inhibited 

the enzymatic activity of α-amylase. The 1 mg/mL 

concentration had the most active effect, exhibiting 

inhibitory activities of 82.31% for A. sativum. This suggests 

that ASPE is an effective inhibitor of α-amylase, with an 

IC50 of 0.047 ± 0.002 mg/mL, which is stronger than even 

that of acarbose (0.071 ± 0.008 mg/mL), indicating better 

efficacy (Figure 2A, Table 2). Furthermore, in α-

glucosidase inhibition, A. sativum showed an inhibitory 

concentration (0.055 ± 0.004 mg/ml) comparable to that of 

the positive control (0.059 ± 0.009) (Figure 2B, Table 2). 

 

 

Figure 2: A. sativum polyphenols in vitro effect compared 

to the control on α-amylase enzyme inhibition (A) and α-

glucosidase enzyme inhibition (B). 

(A) 

(B) 
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Table 2: A. sativum polyphenols inhibition of pancreatic α-

amylase and intestinal α-glycosidase  

 IC50 mg/mL 

 

α-amylase α-glucosidase 

A. sativum 

polyphenols 

extract 

0,047 ± 0,002 0,055 ± 0,004 

 

Acarbose 

(control) 

0,071 ± 0,008 0,059 ± 0,009 

 

The potential of A. sativum as an antidiabetic agent has 

been extensively studied, and its efficacy as a natural 

approach to diabetes management is widely acknowledged. 

Both in vivo and in vitro research have demonstrated its 

ability to regulate blood glucose levels, improve insulin 

sensitivity, and alleviate diabetes-related complications, 

making it a promising addition to diabetes care strategies 

(Ashraf et al., 2011; Eidi et al., 2006; Younas and Hussain, 

2014). 

The sulfur compounds found in A. sativum, such as allicin, 

cysteine sulfoxide, and related substances, contribute 

significantly to lowering blood glucose levels. This is 

achieved through the inhibition of insulin activation in the 

liver, stimulation of insulin secretion from pancreatic beta 

cells, release of insulin from its bound forms, and improved 

cellular responsiveness to insulin (Faroughi et al., 2018; 

Zhai et al., 2018). Beyond these sulfur compounds, the 

essential oils, saponins, and steroids in A. sativum act as 

dose-dependent inhibitors of both α-glucosidase and aldose 

reductase (Wu et al., 2015). 

Polyphenols and flavonoids exhibit powerful antidiabetic 

effects by engaging in multiple mechanisms. These 

compounds help preserve pancreatic β-cell function, reduce 

cell death, encourage β-cell regeneration, alleviate 

oxidative stress, enhance insulin signaling, and stimulate 

insulin secretion from the pancreas. Additionally, they act 

through insulin-independent mechanisms, such as inhibiting 

glucose absorption, blocking digestive enzymes, modifying 

gut microbiota, regulating inflammatory responses, and 

preventing the formation of advanced glycation end 

products (Marella, 2017; Sun et al., 2020; Umeno et al., 

2016). Hydrocinnamic acids, including p-coumaric, ferulic, 

caffeic, and rosmarinic acids, alongside other polyphenolic 

compounds, are key contributors to diabetes management. 

These acids improve insulin resistance and glucose 

intolerance in streptozotocin (STZ)-induced diabetic rats, 

lower blood glucose, raise insulin levels across various 

diabetic models, improve glucose tolerance, reduce 

carbohydrate absorption in the intestines, regulate enzymes 

involved in glucose metabolism, and enhance insulin 

sensitivity (Jung et al., 2007; Kasetti et al., 2012).  

The antidiabetic properties of catechins and 

anthocyanins/anthocyanidins emphasize their 

complementary roles in managing diabetes and associated 

metabolic complications. Catechins, derived from some 

vegetal sources, demonstrate their effectiveness by 

enhancing insulin sensitivity and activating AMP-activated 

protein kinase (AMPK), a key regulator of cellular energy 

balance. Through AMPK activation, catechins promote 

glucose uptake and reduce blood glucose levels (Park et al., 

2014; Thielecke and Boschmann, 2009). Furthermore, their 

role in increasing the fecal excretion of bile acids and 

cholesterol contributes to improved lipid profiles, which is 

crucial for individuals with type 2 diabetes who often 

struggle with dyslipidemia (Thielecke and Boschmann, 

2009). Beyond glucose regulation, catechins impact a wide 

array of biological functions. They inhibit pancreatic 

enzymes like α-glucosidase, α-amylase, and maltase, 

slowing carbohydrate breakdown and reducing postprandial 

blood sugar spikes (Li et al., 2018; Matsui et al., 2007). 

Catechins also interact with Na+-dependent glucose 

transporters and suppress reactive oxygen species (ROS) 

production, helping to mitigate oxidative stress, a 

contributor to diabetic complications (Kobayashi et al., 

2000; Solinas and Becattini, 2017). By reducing white fat 

depots and maintaining a healthy lipid profile, catechins 

support metabolic health and may reduce the risk of 

cardiovascular issues commonly linked to diabetes. 

Present in a variety of colorful fruits and vegetables, 

anthocyanins and anthocyanidins enhance the effects of 

catechins with their strong antioxidant and anti-

inflammatory properties. These compounds play a key role 

in managing blood glucose levels and reducing oxidative 

stress, both of which are crucial for effective diabetes 

control (Zhu et al., 2012). Additionally, anthocyanins 

contribute to better cardiovascular health by lowering 

cholesterol, triglycerides, and LDL cholesterol, factors 

often compromised in individuals with diabetes (Shi et al., 

2017). By reducing oxidative stress and inflammation, they 

protect tissues from damage, potentially improving insulin 

sensitivity and the function of pancreatic β-cells. 

Our study indicates that the antidiabetic effects of ASPE, 

demonstrated by its potent inhibition of α-amylase and α-

glucosidase, may be attributed to the presence of bioactive 

compounds such as catechins, anthocyanidins, and 

potentially Mongophenoside B. Catechins and 

anthocyanidins, like cyanidin 3-O-beta-D sambubioside, are 

known for enhancing insulin sensitivity, activating AMPK, 

and inhibiting digestive enzymes, which aligns with our 

observed results. Additionally, mongophenoside B, a 

compound not previously studied for its antidiabetic 

properties, may contribute uniquely to these effects, 

offering a new potential mechanism for blood glucose 

regulation. Thus, the synergistic action of these compounds 

underpins the superior enzyme inhibition of A. sativum, 

highlighting its promise as a natural antidiabetic agent and 

paving the way for further exploration of mongophenoside 

B in diabetes management. 

3.3. Antihemolytic activity 

The hemolytic test was performed on ASPE to assess its 

biocompatibility or potential safety for blood cells. This in 

vitro cytotoxic test examines the extract's compounds for 

their ability to damage erythrocyte membranes, releasing 

hemoglobin during cell lysis. The evaluation was conducted 

on rat blood cells exposed to different concentrations of 

ASPE, ranging from 5 to 100 mg/mL. The results obtained 

(Figure 3) show a dose-dependent increase in absorbance 

levels observed at intervals of 0, 15, 30, and 60 minutes 

compared with the negative control (PBS). Phosphate-

buffered saline (PBS) serves as a negative control in 

hemolysis assays due to its isotonic nature, which helps 

maintain the integrity of red blood cells (RBCs) during the 

experiment. Its primary role is to provide a baseline for 

comparison with other test conditions, ensuring that 
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observed hemolysis results are due to the test compound 

and not experimental artifacts. 

 This result correlates directly with an escalation in the 

hemolysis rate, indicating a proportional increase in 

hemolytic activity corresponding to higher extract 

concentrations. 
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Figure 3: Evolution of absorbance at 540 nm of various 

concentrations of ASPE and negative control (NC) in the 

hemolysis test during 60 min. 

The hemolysis rate (%) produced by ASPE was determined 

relative to the total hemolysis observed. The results indicate 

that concentrations ranging from 5 to 100 mg/mL led to 

hemolysis percentages ranging from 1.53 ± 0.25% to 21.24 

± 1.54% (Figure 4). Statistical analysis revealed a 

significant difference (p<0.05) in the different extract 

concentrations compared to the positive control. 

Consequently, the findings highlight the relative toxicity of 

ASPE to erythrocytes at higher concentrations and suggest 

its biocompatibility with normal tissues only at lower 

concentrations. 
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Figure 4: Hemolytic rate (%) of various concentrations of 

ASPE after 60 min of incubation compared to total 

hemolysis (TH). Bars with different letters represent 

statistically different values (p<0.05). 

Erythrocytes, the most abundant cells in the human body, 

possess distinctive biological and morphological 

characteristics, including their ability to replicate. 

Hemoglobin and polyunsaturated fatty acids interact 

primarily with erythrocytes, given their role in redox-active 

oxygen transport. Consequently, oxidation of erythrocyte 

membrane lipids and proteins leads to hemolysis. This 

process is influenced by a variety of factors, including 

deficiencies in the coordination of erythrocyte antioxidants, 

radiation exposure, high levels of transition metals, 

oxidizing drugs, and hemoglobinopathies (Hamidi and 

Tajerzadeh, 2003; Karim et al., 2020). 

The hemolysis test is a key method for assessing 

cytotoxicity, as it examines the degradation of red blood 

cells exposed to varying concentrations of a natural extract. 

This technique plays a vital role in evaluating the toxicity 

of extracts, contributing significantly to both phytotherapy 

and pharmaceutical formulation. Typically, hemolysis can 

occur through different mechanisms, such as the dissolution 

of the cell membrane, increased membrane permeability, or 

complete cell lysis (Sayes et al., 2007).  

A recent study revealed that a concentration of 30 mg/mL 

of aqueous extract of A. sativum was found to be toxic 

against red blood cells and resulted in a 50% hemolytic rate 

(Andleeb et al., 2020). In contrast, another previous study 

proved that red blood cells were strongly protected 

(97.87%) by the ASPE at 1 mg/mL, thus demonstrating the 

protective effect of low concentrations of garlic extracts on 

red blood cells, in accordance with our results (Azantsa et 

al., 2019). The hemolytic effect of high concentrations of A. 

sativum can be attributed to the presence of specific 

metabolites or reagents with a hemolytic impact, such as 

saponins. These substances interact with cholesterol in the 

membranes of blood cells, thereby increasing their 

permeability and ultimately causing hemolysis (Andleeb et 

al., 2020). In addition, this hemolytic action of garlic can be 

related to its sulfur-containing compounds, such as allicin. 

These compounds can penetrate and disrupt red blood cell 

membranes, leading to hemolysis. This process involves 

oxidative stress and the modification of thiol groups in 

membrane proteins (El-Saber Batiha et al., 2020). 

Generally, it has been observed that the hemolytic effect of 

any compound or molecule depends on several factors, such 

as temperature, incubation time, the presence of side chains 

such as saponins, and the specific composition of the 

membrane (Andleeb et al., 2020; Urbańska et al., 2009). On 

the other hand, the protective effect of the ASPE, especially 

at low concentrations, can be attributed mainly to the 

presence of various phenolic metabolites in the plant 

extract. Previous studies suggest that the presence of 

phenolic compounds plays a crucial role in protecting the 

erythrocyte membrane from oxidation, thus conferring 

resistance to hemolytic activity (Ali et al., 2018). 

3.4. In silico antidiabetic evaluation 

In our study, we evaluated the antidiabetic potential of three 

major polyphenolic compounds identified in A. sativum: 

mongophenoside B, cyanidin 3-O-beta-D-sambubioside, 

and catechin. The inhibitory effects of these compounds 

were assessed through molecular docking against α-

amylase and α-glucosidase enzymes, central targets in 

managing hyperglycemia (Taslimi and Gulçin, 2017). 

Mongophenoside B, an unstudied compound in the context 

of diabetes, showed the highest docking affinity for α-

amylase with a glide gscore of -6.546 kcal/mol and also 

demonstrated the most potent inhibition for α-glucosidase 

with a gscore of -7.584 kcal/mol. Cyanidin 3-O-beta-D-

sambubioside and catechin also exhibited potent inhibition 

of α-amylase and α-glucosidase, with gscores of -5.931 and 

-4.908 kcal/mol for α-amylase, and -5.975 and -6.283 

kcal/mol for α-glucosidase, respectively (Table 3). 
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These in silico findings align well with our in vitro results, 

where ASPE extract demonstrated notable inhibition of both 

enzymes, outperforming acarbose in terms of IC50 values. 

The results suggest that the potent inhibitory activity 

observed in the extract may be attributed to these three 

polyphenols, particularly mongophenoside B, which 

warrants further investigation, given its unique efficacy. 

Additionally, the activities of cyanidin 3-O-beta-D-

sambubioside and catechin resonate with existing literature 

on the antidiabetic potential of anthocyanins and catechins, 

as they are recognized for their insulin-sensitizing and 

digestive enzyme-inhibiting properties. These findings 

underscore the importance of polyphenolic components in 

A. sativum and highlight mongophenoside B as a promising 

novel compound for future diabetes research and 

therapeutic applications. 

Table 3: Molecular docking results of compounds in active receptor sites. 

 
α-amylase (PDB: 5NN8) α-glucosidase (PDB: 1B2Y) 

 
Glide gscore 

(Kcal/mol) 

Glide emodel 

(Kcal/mol) 

Glide energy 

(Kcal/mol) 

Glide gscore 

(Kcal/mol) 

Glide emodel 

(Kcal/mol) 

Glide energy 

(Kcal/mol) 

Catechin -4.908 -49.562 -35.815 -6.283 -61.12 -42.611 

Cyanidin 3-O-beta-

D-sambubioside 

-5.931 -77.939 -57.028 -5.975 -80.838 -60.267 

Mongophenoside B -6.546 -81.517 -61.644 -7.584 -84.286 -58.177 

 

Figure 5: The 2D viewer of ligands interactions with the active sites. A and D: Mongophenoside B interactions with α-

amylase and α-glucosidase active sites, B and E: Cyanidin 3-O-beta-D-sambubioside interactions with α-amylase and α-

glucosidase active sites, C and F: catechin  interactions with α-amylase and α-glucosidase active sites. 

(A) 

(F) 
(E) 

(D) 
(C) 

(B) 
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Figure 6: The 3D viewer of ligands interactions with the active sites. A and D: Mongophenoside B interactions with α-

amylase and α-glucosidase active sites, B and E: Cyanidin 3-O-beta-D-sambubioside interactions with α-amylase and α-

glucosidase active sites, C and F: catechin interactions with α-amylase and α-glucosidase active sites. 

 

The molecular docking results provide insights into the 

specific interactions of mongophenoside B, cyanidin 3-O-

beta-D-sambubioside, and catechin with the active sites of 

α-amylase and α-glucosidase, further confirming their 

potential roles in inhibiting these enzymes. 

Mongophenoside B, with the strongest binding affinity 

observed among the three compounds, formed five 

hydrogen bonds in the active site of α-amylase, specifically 

with residues ASP A: 404, ASP A: 616, and ASP A: 282 

(Figure 5A and 6A). This extensive hydrogen bonding 

suggests strong stabilization within the enzyme’s active 

site, which may contribute to the observed high binding 

affinity. Similarly, Mongophenoside B formed seven 

hydrogen bonds within the active site of α-glucosidase, 

interacting with key residues ASP 197, GLU 233, GLN 63, 

and GLY 306 (Figure 5D and 6D), indicating a robust 

interaction that aligns with its high docking score. 

For cyanidin 3-O-beta-D-sambubioside, interactions in the 

α-amylase active site were established through two 

hydrogen bonds with residues ASP 282 and ASP 518 

(Figure 5B and 6B). Its interactions were more complex in 

α-glucosidase, where it formed six hydrogen bonds with 

ASP 300, ASP 197, ARG 195, TYR 151, and GLN 63 

(Figure 5E and 6E). The presence of multiple hydrogen 

bonds further supports the potential of cyanidin 3-O-beta-

D-sambubioside to inhibit these enzymes. 

Catechin demonstrated effective interactions with both 

enzymes as well. In α-amylase, it established three 

hydrogen bonds with residues ASP 616, ASP 404, and ASP 

282, suggesting a stable interaction within the active site 

(Figure 5C and 6C). In α-glucosidase, catechin formed 

three hydrogen bonds with ASP 197 and HIP 305 and 

additionally engaged in a Pi-Pi stacking interaction with 

TYR 62 (Figure 5F and 6F). This combination of hydrogen 

bonding and Pi-Pi stacking suggests that catechin can 

stabilize and attract interactions within the enzyme’s active 

site, contributing to its moderate inhibitory activity. The 

molecular docking results provide insights into the specific 

interactions of mongophenoside B, cyanidin 3-O-beta-D-

sambubioside, and catechin with the active sites of α-

 A  B 

 F  E 

  D  C 
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amylase and α-glucosidase, further confirming their 

potential roles in inhibiting these enzymes. 

Mongophenoside B, with the strongest binding affinity 

observed among the three compounds, formed five 

hydrogen bonds in the active site of α-amylase, specifically 

with residues ASP A: 404, ASP A: 616, and ASP A: 282 

(Figure 5A and 6A). This extensive hydrogen bonding 

suggests strong stabilization within the enzyme’s active 

site, which may contribute to the observed high binding 

affinity. Similarly, Mongophenoside B formed seven 

hydrogen bonds within the active site of α-glucosidase, 

interacting with key residues ASP 197, GLU 233, GLN 63, 

and GLY 306 (Figure 5D and 6D), indicating a robust 

interaction that aligns with its high docking score. 

For cyanidin 3-O-beta-D-sambubioside, interactions in the 

α-amylase active site were established through two 

hydrogen bonds with residues ASP 282 and ASP 518 

(Figure 5B and 6B). Its interactions were more complex in 

α-glucosidase, where it formed six hydrogen bonds with 

ASP 300, ASP 197, ARG 195, TYR 151, and GLN 63 

(Figure 5E and 6E). The presence of multiple hydrogen 

bonds further supports the potential of cyanidin 3-O-beta-

D-sambubioside to inhibit these enzymes. 

Catechin demonstrated effective interactions with both 

enzymes as well. In α-amylase, it established three 

hydrogen bonds with residues ASP 616, ASP 404, and ASP 

282, suggesting a stable interaction within the active site 

(Figure 5C and 6C). In α-glucosidase, catechin formed 

three hydrogen bonds with ASP 197 and HIP 305 and 

additionally engaged in a Pi-Pi stacking interaction with 

TYR 62 (Figure 5F and 6F). This combination of hydrogen 

bonding and Pi-Pi stacking suggests that catechin can 

stabilize and attract interactions within the enzyme’s active 

site, contributing to its moderate inhibitory activity. 

These detailed molecular interactions support the inhibitory 

activities observed in silico and in vitro and help elucidate 

the mechanisms by which these compounds inhibit 

enzymes. The ability of Mongophenoside B to form 

multiple hydrogen bonds in both enzymes highlights its 

promise as a potent natural inhibitor with potential 

antidiabetic properties. Cyanidin 3-O-beta-D-sambubioside 

and catechin also demonstrate complementary interactions, 

underscoring the role of polyphenolic compounds in 

enzyme inhibition and supporting the observed in vitro 

effects of ASPE. The distinct interactions of these 

compounds with key catalytic residues in α-amylase and α-

glucosidase suggest a multi-targeted approach to enzyme 

inhibition, reinforcing the therapeutic potential of  A. 

sativum for diabetes management and further validating 

Mongophenoside B’s novel bioactivity in this context. 

4. Conclusion 

This study highlights the significant antidiabetic potential 

of A. sativum polyphenolic extract, demonstrated through 

its potent inhibition of α-amylase and α-glucosidase 

enzymes, which are key to managing blood glucose levels 

in type 2 diabetes. The UHPLC-MS/MS analysis revealed 

the presence of bioactive compounds such as 

mongophenoside B, catechin, and cyanidin 3-O-beta-D 

sambubioside, with Mongophenoside B identified for the 

first time in A. sativum. Each of these compounds are 

known for beneficial effects related to diabetes 

management, and their combined action may account for 

the observed enzyme inhibition and their antioxidant and 

anti-inflammatory properties. The cytotoxicity assessment 

showed a dose-dependent hemolytic effect, indicating that 

the extract is biocompatible at lower concentrations but 

potentially cytotoxic at higher doses. This underscores the 

importance of concentration in therapeutic applications and 

suggests that low concentrations of ASPE could be safely 

utilized for antidiabetic purposes without significant harm 

to blood cells. Our in silico docking analysis highlighted 

Mongophenoside B, Cyanidin 3-O-beta-D-sambubioside, 

and catechin as potent inhibitors of both α-amylase and α-

glucosidase, with Mongophenoside B demonstrating the 

strongest binding affinity among them. Future studies 

should investigate the pharmacokinetics and bioavailability 

of Mongophenoside B, Cyanidin 3-O-beta-D-sambubioside, 

and catechin in animal models to understand its absorption, 

distribution, metabolism, and excretion (ADME) profile. 

Such studies would provide critical data on its systemic 

exposure, half-life, and potential metabolic transformations. 

Overall, the study supports the therapeutic potential of A. 

sativum as a natural antidiabetic agent and provides new 

insights into the biochemical makeup of its polyphenolic 

extract, particularly with the discovery of Mongophenoside 

B. These findings not only confirm the traditional use of A. 

sativum in diabetes management but also open new avenues 

for exploring Mongophenoside B’s role in glycemic 

control, contributing valuable information for future 

research and development of plant-based antidiabetic 

therapies. 

 

Funding  

This research received no external funding 

Conflicts of Interest 

The authors declare no conflicts of interest. 

Data availability statement 

Data will be available upon request from the corresponding 

author. 

References 

Alam, A., Al Arif Jahan, A., Bari, M.S., Khandokar, L., 

Mahmud, M.H., Junaid, M., Chowdhury, M.S., 

Khan, M.F., Seidel, V., Haque, M.A., 2023. Allium 

vegetables: Traditional uses, phytoconstituents, and 

beneficial effects in inflammation and cancer. 

Critical Reviews in Food Science and Nutrition 

63(23), 6580-6614. DOI: 
10.1080/10408398.2022.2036094. 

Ali, J., Irshad, R., Li, B., Tahir, K., Ahmad, A., Shakeel, 

M., Khan, N.U., Khan, Z.U.H., 2018. Synthesis and 

characterization of phytochemical fabricated zinc 

oxide nanoparticles with enhanced antibacterial and 

catalytic applications. Journal of Photochemistry and 

Photobiology B: Biology 183, 349-356. DOI: 
10.1016/j.jphotobiol.2018.05.006. 

Amin, A., Hamza, A.A., 2006. Effects of Roselle and 

Ginger on cisplatin‐induced reproductive toxicity in 

rats. Asian journal of andrology 8(5), 607-612. DOI: 
10.1111/j.1745-7262.2006.00179.x. 

Amrati, F.E.-Z., Chebaibi, M., Galvao de Azevedo, R., 

Conte, R., Slighoua, M., Mssillou, I., Kiokias, S., de 

Freitas Gomes, A., Soares Pontes, G., Bousta, D., 

2023. Phenolic composition, wound healing, 

antinociceptive, and anticancer effects of Caralluma 

https://fmjpublishing.com/index.php/J2BR


Aboul-Soud et al.                                          J2BR (2024) Vol. 1 / Issue 2 

https://fmjpublishing.com/index.php/J2BR    114 

 

europaea extracts. Molecules 28(4), 1780. DOI: 
10.3390/molecules28041780. 

Andleeb, S., Tariq, F., Muneer, A., Nazir, T., Shahid, B., 

Latif, Z., Abbasi, S.A., Haq, I.u., Majeed, Z., Khan, 

S.U.-D., 2020. In vitro bactericidal, antidiabetic, 

cytotoxic, anticoagulant, and hemolytic effect of 

green-synthesized silver nanoparticles using Allium 

sativum clove extract incubated at various 

temperatures. Green Processing and Synthesis 9(1), 

538-553. 

Ashraf, R., Khan, R.A., Ashraf, I., 2011. Garlic (Allium 

sativum) supplementation with standard antidiabetic 

agent provides better diabetic control in type 2 

diabetes patients. Pak J Pharm Sci 24(4), 565-570. 

Azantsa, B.G., Mbong, M.-A.A., Takuissu, G.R., 

Matsinkou, R.S., Djuikoo, I.L., Youovop, J.F., 

Ngondi, J.L., Oben, J.E., 2019. Anti hemolytic, anti-

lipid peroxidation and antioxidant properties of three 

plants locally used to treat metabolic disorders: 

Allium sativum, Persea americana and Citrus 

sinensis. 

Banerjee, S., Mukherjee, P.K., Maulik, S., 2003. Garlic as 

an antioxidant: the good, the bad and the ugly. 

Phytotherapy Research: An International Journal 

Devoted to Pharmacological and Toxicological 

Evaluation of Natural Product Derivatives 17(2), 97-

106. 

Bayan, L., Koulivand, P.H., Gorji, A., 2014. Garlic: a 

review of potential therapeutic effects. Avicenna 

journal of phytomedicine 4(1), 1. 

Chebaibi, M., Bourhia, M., Amrati, F.e.-z., Slighoua, M., 

Mssillou, I., Aboul-Soud, M.A., Khalid, A., Hassani, 

R., Bousta, D., Achour, S., 2024. Salsoline 

derivatives, genistein, semisynthetic derivative of 

kojic acid, and naringenin as inhibitors of A42R 

profilin-like protein of monkeypox virus: in silico 

studies. Frontiers in Chemistry 12, 1445606. DOI: 
10.3389/fchem.2024.1445606. 

Chebaibi, M., Bousta, D., Bourhia, M., Baammi, S., 

Salamatullah, A.M., Nafidi, H.-A., Hoummani, H., 

Achour, S., 2022. Ethnobotanical Study of 

Medicinal Plants Used against COVID‐19. 

Evidence‐Based Complementary and Alternative 

Medicine 2022(1), 2085297. DOI: 
10.1155/2022/2085297. 

Choudhary, M., Kumar, V., Malhotra, H., Singh, S., 2015. 

Medicinal plants with potential anti-arthritic activity. 

Journal of intercultural ethnopharmacology 4(2), 

147. DOI: 10.5455/jice.20150313021918. 
Dong, Y., Ruan, J., Ding, Z., Zhao, W., Hao, M., Zhang, 

Y., Jiang, H., Zhang, Y., Wang, T., 2020. 

Phytochemistry and comprehensive chemical 

profiling study of flavonoids and phenolic acids in 

the aerial parts of Allium Mongolicum Regel and 

their intestinal motility evaluation. Molecules 25(3), 

577. DOI: 10.3390/molecules25030577. 
Eidi, A., Eidi, M., Esmaeili, E., 2006. Antidiabetic effect 

of garlic (Allium sativum L.) in normal and 

streptozotocin-induced diabetic rats. Phytomedicine 

13(9-10), 624-629. DOI: 
10.1016/j.phymed.2005.09.010. 

El-Saber Batiha, G., Magdy Beshbishy, A., G. Wasef, L., 

Elewa, Y.H., A. Al-Sagan, A., Abd El-Hack, M.E., 

Taha, A.E., M. Abd-Elhakim, Y., Prasad Devkota, 

H., 2020. Chemical constituents and 

pharmacological activities of garlic (Allium sativum 

L.): A review. Nutrients 12(3), 872. DOI: 
10.3390/nu12030872. 

El Abdali, Y., Beniaich, G., Mahraz, A.M., El Moussaoui, 

A., Bin Jardan, Y.A., Akhazzane, M., Chebaibi, M., 

Nafidi, H.-A., Eloutassi, N., Bourhia, M., 2023. 

Antibacterial, Antioxidant, and in silico NADPH 

Oxidase Inhibition Studies of Essential Oils of 

Lavandula dentata against Foodborne Pathogens. 

Evidence-Based Complementary and Alternative 

Medicine 2023, 9766002. DOI: 
10.1155/2023/9766002. 

Elrherabi, A., Abdnim, R., Loukili, E.H., Laftouhi, A., 

Lafdil, F.Z., Bouhrim, M., Mothana, R.A., Noman, 

O.M., Eto, B., Ziyyat, A., 2024. Antidiabetic 

potential of Lavandula stoechas aqueous extract: 

insights into pancreatic lipase inhibition, antioxidant 

activity, antiglycation at multiple stages and anti-

inflammatory effects. Frontiers in Pharmacology 15, 

1443311. DOI: 10.3389/fphar.2024.1443311. 
Faroughi, F., Charandabi, S.M.-A., Javadzadeh, Y., 

Mirghafourvand, M., 2018. Effects of garlic pill on 

blood glucose level in borderline gestational 

diabetes mellitus: a triple blind, randomized clinical 

trial. Iranian Red Crescent Medical Journal 20(7). 

DOI: 10.5812/ircmj.60675. 
Fattizzo, B., Barcellini, W., 2022. Autoimmune hemolytic 

anemia: causes and consequences. Expert review of 

clinical immunology 18(7), 731-745. DOI: 
10.1080/1744666X.2022.2089115. 

Fossen, T., Andersen, Ø.M., 1997. Malonated 

anthocyanins of garlic Allium sativum L. Food 

chemistry 58(3), 215-217. 

Galaviz, K.I., Narayan, K.V., Lobelo, F., Weber, M.B., 

2018. Lifestyle and the prevention of type 2 

diabetes: a status report. American journal of 

lifestyle medicine 12(1), 4-20. DOI: 
10.1177/1559827615619159. 

Hamidi, M., Tajerzadeh, H., 2003. Carrier erythrocytes: 

an overview. Drug delivery 10(1), 9-20. DOI: 
10.1080/713840329. 

Jelodar Gholamali, A., Maleki, M., Motadayen, M., Sirus, 

S., 2005. Effect of fenugreek, onion and garlic on 

blood glucose and histopathology of pancreas of 

alloxan-induced diabetic rats. Indian J. Med. Sci 59, 

64-69. 

Jung, E.H., Ran Kim, S., Hwang, I.K., Youl Ha, T., 2007. 

Hypoglycemic effects of a phenolic acid fraction of 

rice bran and ferulic acid in C57BL/KsJ-db/db mice. 

Journal of Agricultural and Food Chemistry 55(24), 

9800-9804. DOI: 10.1021/jf0714463. 
Karim, M.A., Islam, M.A., Islam, M.M., Rahman, M.S., 

Sultana, S., Biswas, S., Hosen, M.J., Mazumder, K., 

Rahman, M.M., Hasan, M.N., 2020. Evaluation of 

antioxidant, anti-hemolytic, cytotoxic effects and 

anti-bacterial activity of selected mangrove plants 

(Bruguiera gymnorrhiza and Heritiera littoralis) in 

Bangladesh. Clinical Phytoscience 6, 1-12. DOI: 
10.1186/s40816-020-0152-9. 

https://fmjpublishing.com/index.php/J2BR


Aboul-Soud et al.                                          J2BR (2024) Vol. 1 / Issue 2 

https://fmjpublishing.com/index.php/J2BR    115 

 

Kasetti, R.B., Nabi, S.A., Swapna, S., Apparao, C., 2012. 

Cinnamic acid as one of the antidiabetic active 

principle (s) from the seeds of Syzygium 

alternifolium. Food and Chemical Toxicology 50(5), 

1425-1431. DOI: 10.1016/j.fct.2012.02.003. 
Khan, A., Safdar, M., Ali Khan, M.M., Khattak, K.N., 

Anderson, R.A., 2003. Cinnamon improves glucose 

and lipids of people with type 2 diabetes. Diabetes 

care 26(12), 3215-3218. DOI: 
10.2337/diacare.26.12.3215. 

Kobayashi, Y., Suzuki, M., Satsu, H., Arai, S., Hara, Y., 

Suzuki, K., Miyamoto, Y., Shimizu, M., 2000. Green 

tea polyphenols inhibit the sodium-dependent 

glucose transporter of intestinal epithelial cells by a 

competitive mechanism. Journal of agricultural and 

food chemistry 48(11), 5618-5623. DOI: 
10.1021/jf0006832. 

Kumar, A., Alfhili, M.A., Bari, A., Ennaji, H., Ahamed, 

M., Bourhia, M., Chebaibi, M., Benbacer, L., 

Ghneim, H.K., Abudawood, M., 2022. Apoptosis-

mediated anti-proliferative activity of Calligonum 

comosum against human breast cancer cells, and 

molecular docking of its major polyphenolics to 

Caspase-3. Frontiers in Cell and Developmental 

Biology 10, 972111. DOI: 
10.3389/fcell.2022.972111. 

Li, X., Li, S., Chen, M., Wang, J., Xie, B., Sun, Z., 2018. 

(−)-Epigallocatechin-3-gallate (EGCG) inhibits 

starch digestion and improves glucose homeostasis 

through direct or indirect activation of PXR/CAR-

mediated phase II metabolism in diabetic mice. Food 

& function 9(9), 4651-4663. DOI: 
10.1039/C8FO01293H. 

Marella, S., 2017. Flavonoids-The most potent poly-

phenols as antidiabetic agents: an overview. Modern 

Approaches in Drug Designing 1(3), 2-5. DOI: 
10.31031/MADD.2017.01.000513. 

Matsui, T., Tanaka, T., Tamura, S., Toshima, A., Tamaya, 

K., Miyata, Y., Tanaka, K., Matsumoto, K., 2007. α-

Glucosidase inhibitory profile of catechins and 

theaflavins. Journal of agricultural and food 

chemistry 55(1), 99-105. DOI: 10.1021/jf0627672. 
Metouekel, A., Badrana, F., Kachkoul, R., Chebaibi, M., 

Akhazzane, M., El Moussaoui, A., Touil, N., El 

Amri, H., El Fahime, E., El Kazzouli, S., 2024. 

Genetic Characterization and Chemical 

Identification of Moroccan Cannabis sativa (L.) 

Seeds: Extraction, and In Vitro and In Silico 

Biological Evaluation. Plants 13(14), 1938. DOI: 
10.3390/plants13141938. 

Papu, S., Jaivir, S., Sweta, S., Singh, B., 2014. Medicinal 

values of garlic (Allium sativum L.) in human life: 

an overview. Greener Journal of Agricultural 

Sciences 4(6), 265-280. DOI: 
10.15580/GJAS.2014.6.031914151). 

Park, J.-H., Bae, J.-H., Im, S.-S., Song, D.-K., 2014. 

Green tea and type 2 diabetes. Integrative Medicine 

Research 3(1), 4-10. DOI: 
10.1016/j.imr.2013.12.002. 

Phan, A.D.T., Netzel, G., Chhim, P., Netzel, M.E., 

Sultanbawa, Y., 2019. Phytochemical characteristics 

and antimicrobial activity of Australian grown garlic 

(Allium sativum L.) cultivars. Foods 8(9), 358. DOI: 
10.3390/foods8090358. 

Rahman, K., Lowe, G.M., 2006. Garlic and 

cardiovascular disease: a critical review. The Journal 

of nutrition 136(3), 736S-740S. DOI: 
10.1093/jn/136.3.736S. 

Ried, K., Toben, C., Fakler, P., 2013. Effect of garlic on 

serum lipids: an updated meta-analysis. Nutrition 

reviews 71(5), 282-299.  DOI: 
10.1111/nure.12012. 

Saleh, E.A.M., Khan, A.U., Tahir, K., Almehmadi, S.J., 

Al-Abdulkarim, H.A., Alqarni, S., Muhammad, N., 

Dawsari, A.M.A., Nazir, S., Ullah, A., 2021. 

Phytoassisted synthesis and characterization of 

palladium nanoparticles (PdNPs); with enhanced 

antibacterial, antioxidant and hemolytic activities. 

Photodiagnosis and Photodynamic Therapy 36, 

102542. DOI: 10.1016/j.pdpdt.2021.102542. 
Sayes, C.M., Reed, K.L., Warheit, D.B., 2007. Assessing 

toxicity of fine and nanoparticles: comparing in vitro 

measurements to in vivo pulmonary toxicity profiles. 

Toxicological sciences 97(1), 163-180. DOI: 
10.1093/toxsci/kfm018. 

Shang, A., Cao, S.-Y., Xu, X.-Y., Gan, R.-Y., Tang, G.-Y., 

Corke, H., Mavumengwana, V., Li, H.-B., 2019. 

Bioactive compounds and biological functions of 

garlic (Allium sativum L.). Foods 8(7), 246. 

Shi, M., Loftus, H., McAinch, A.J., Su, X.Q., 2017. 

Blueberry as a source of bioactive compounds for 

the treatment of obesity, type 2 diabetes and chronic 

inflammation. Journal of Functional Foods 30, 16-

29. 

Slighoua, M., Chebaibi, M., Mahdi, I., Amrati, F.E.-z., 

Conte, R., Cordero, M.A.W., Alotaibi, A., 

Saghrouchni, H., Agour, A., Zair, T., 2022. The LC-

MS/MS Identification and Analgesic and Wound 

Healing Activities of Lavandula officinalis Chaix: In 

Vivo and In Silico Approaches. Plants 11(23), 3222. 

Solinas, G., Becattini, B., 2017. JNK at the crossroad of 

obesity, insulin resistance, and cell stress response. 

Molecular metabolism 6(2), 174-184. 

Sun, C., Zhao, C., Guven, E.C., Paoli, P., Simal‐Gandara, 

J., Ramkumar, K.M., Wang, S., Buleu, F., Pah, A., 

Turi, V., 2020. Dietary polyphenols as antidiabetic 

agents: Advances and opportunities. Food Frontiers 

1(1), 18-44. 

Taslimi, P., Gulçin, İ., 2017. Antidiabetic potential: In 

vitro inhibition effects of some natural phenolic 

compounds on α‐glycosidase and α‐amylase 

enzymes. Journal of Biochemical and Molecular 

Toxicology 31(10), e21956. 

Thielecke, F., Boschmann, M., 2009. The potential role of 

green tea catechins in the prevention of the 

metabolic syndrome–a review. Phytochemistry 

70(1), 11-24. 

Tourabi, M., Nouioura, G., Touijer, H., Baghouz, A., El 

Ghouizi, A., Chebaibi, M., Bakour, M., Ousaaid, D., 

Almaary, K.S., Nafidi, H.-A., 2023. Antioxidant, 

Antimicrobial, and Insecticidal Properties of 

Chemically Characterized Essential Oils Extracted 

from Mentha longifolia: In Vitro and In Silico 

https://fmjpublishing.com/index.php/J2BR


Aboul-Soud et al.                                          J2BR (2024) Vol. 1 / Issue 2 

https://fmjpublishing.com/index.php/J2BR    116 

 

Analysis. Plants 12(21), 3783. DOI: 
10.3390/plants12213783. 

Umeno, A., Horie, M., Murotomi, K., Nakajima, Y., 

Yoshida, Y., 2016. Antioxidative and antidiabetic 

effects of natural polyphenols and isoflavones. 

Molecules 21(6), 708. DOI: 
10.3390/molecules21060708. 

Urbańska, N., Nartowska, J., Skorupska, A., Ruszkowski, 

D., Giebułtowicz, J., Olszowska, O., 2009. 

Determination and haemolytic activity of saponins 

in hairy root culture of Platycodon grandiforum A. 

DC. 

Wu, T., Luo, J., Xu, B., 2015. In vitro antidiabetic effects 

of selected fruits and vegetables against glycosidase 

and aldose reductase. Food science & nutrition 3(6), 

495-505. DOI: 10.1002/fsn3.243. 
Yang, D., Dunshea, F.R., Suleria, H.A., 2020. LC‐ESI‐

QTOF/MS characterization of Australian herb and 

spices (garlic, ginger, and onion) and potential 

antioxidant activity. Journal of Food Processing and 

Preservation 44(7), e14497. DOI: 
10.1111/jfpp.14497. 

Younas, J., Hussain, F., 2014. In vitro antidiabetic 

evaluation of allium sativum L. International Journal 

of Chemical and Biochemical Sciences 5, 22-25. 

Zejli, H., Metouekel, A., Zouirech, O., Maliki, I., El 

Moussaoui, A., Lfitat, A., Bousseraf, F.Z., Almaary, 

K.S., Nafidi, H.-A., Khallouki, F., 2024. 

Phytochemical Analysis, Antioxidant, Analgesic, 

Anti-Inflammatory, Hemagglutinin and Hemolytic 

Activities of Chemically Characterized Extracts 

from Origanum grosii (L.) and Thymus pallidus (L.). 

Plants 13(3), 385. DOI: 10.3390/plants13030385. 
Zhai, B., Zhang, C., Sheng, Y., Zhao, C., He, X., Xu, W., 

Huang, K., Luo, Y., 2018. Hypoglycemic and 

hypolipidemic effect of S-allyl-cysteine sulfoxide 

(alliin) in DIO mice. Scientific reports 8(1), 3527. 

DOI: 10.1038/s41598-018-21421-x. 
Zhu, W., Jia, Q., Wang, Y., Zhang, Y., Xia, M., 2012. The 

anthocyanin cyanidin-3-O-β-glucoside, a flavonoid, 

increases hepatic glutathione synthesis and protects 

hepatocytes against reactive oxygen species during 

hyperglycemia: Involvement of a cAMP–PKA-

dependent signaling pathway. Free Radical Biology 

and Medicine 52(2), 314-327. DOI: 
10.1016/j.freeradbiomed.2011.10.483. 

  

 

https://fmjpublishing.com/index.php/J2BR

