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Abstract 

Thymus algeriens Bioss & Reut is an Algerian native plant traditionally used for culinary and medicinal purposes. Biological 

activities varied with their chemical composition, which depends on the floral and geographical origin. This study was designed 

to screen the phenolic content of the n-BuOH extract of Thymus algeriensis (BETA), anti-lipid peroxidation and anti-diabetic 

properties on different in vitro models. The results showed that BETA reduced TBARS formation in a concentration-dependent 

manner; protected β-carotene from auto-oxidation and prevented oxidation of ferrous in the linoleic acid/ferric thiocyanate 

assay. Furthermore, BETA showed effective inhibitions of the key enzymes linked to type 2 diabetes; 𝛼-amylase and 𝛼-

glucosidase. BETA blocked also the formation of AGE as shown by the results of glucose-BSA (BSA-GLU), BSA-

Methylglyoxal system (BSA-MGO) and glycated hemoglobin. The effectiveness of BETA in combating diabetics might be 

influenced by the synergistic action of its phenolic compounds; mentioned by the phenolic content and LC/MS analysis; 

particularly their richness on the rosmarinic acid and ferulic acid, cafeic acid as well quercetin. This suggests the potential of 

BETA to mitigate multiple complications stemming from oxidative stress and protein glycation in diabetes. 
Keywords: Thymus algeriensis; LC-MS; Anti-glycation; Anti-lipid peroxidation; α-glucosidase; 𝛼-amylase  

1. Introduction 

Diabetes mellitus, a chronic metabolic disorder, is 

at present major worldwide health problem [1]. 

Multiple signaling pathways underlying 

hyperglycemic cellular damage in type 2 diabetes 

mellitus [2]. Elevated blood sugar levels have been 

implicated in the induction of oxidative stress via a 

number of mechanisms, viz., autoxidation of glucose 

[3] and advanced glycation products (AEG) formation. 

Several approaches of therapy were considered, the 

combat of oxidative stress is one of the therapeutic 

approaches in treating diabetic patients [4,5]. One 

promising approach for management of diabetes, 

particularly type 2 diabetes, is to decrease postprandial 

hyperglycemia by inhibiting carbohydrate-

hydrolyzing enzymes in gastrointestinal tract [6]. The 

Inhibition of AGE formation has been an effective way 

for retarding the full range of diabetes complications. 

Since all the existing ant-diabetic agents are having 

considerable unwanted effects [4,7], there is an urgent 

demand for new and non-toxic agent. Traditional plant 

medicines are used throughout the world for a range of 

diabetic presentations [8].  Indeed, inhabitants of the 

world, including Algerians, believed that eating and 

consuming fresh medicinal plants may treat illnesses 

and ailments [9,10]; among those plants was Thymus 

algeriensis, which belongs to the Lamiaceae family 

[11]. In fact, this family is among the largest families 

of flowering plants with about 400 genera and over 

7000 species distributed around the world [12].  

T. algeriensis is the most widespread North African 

species. It is endemic in Libya, Tunisia, Algeria and 

Morocco [13]. T. algeriensis is largely used, fresh or 

dried, mainly as a culinary herb, essentially used in 

Algeria both as a popular herb and as a spicy herb 

[14,15]. The plant is largely used as a culinary herb 

and as a traditional medicine to treat digestive and 

respiratory infections (e.g., gastrointestinal dysentery) 

[16]. In addition, it was used to enhance the immune 

system and help fight colds [17]. These properties 
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depend greatly on their chemical compositions and are 

mainly attributed to their richness on phenolic acids 

[16]. However, it has been reported that a differences 

among mentioned phenolic compounds levels can be 

related to environmental conditions, such geographic 

origin [18], genetic and extraction methods [19], could 

influence the variability of these chemical 

composition. T. algeriensis has been previously 

studied with an exclusive attention to ethanolic extract 

and the methanol extracts [16,20] whereas, few studies 

carried out on the n-BOH extract. In continuation of 

our research on the genus Thymus and taking into 

account that there was no information available in the 

literature about the anti-diabetic studies on T. 

algeriensis, our investigation seeking the in vitro 

antidiabetic activity of the n-BuOH extract of T. 

algeriensis (BETA). The present study also is an 

attempt to identify and enrich the knowledge on the 

variation of the chemical composition of T. algeriensis 

(MSila region; Algeria) by using LC/MS, analyses. 

 

2. Materials and methods 

2.1. Chemicals 

The chemical products and reagents used were: β-

carotene, linoleic acid, galantamine,4-Nitrophenylα-

D-glucopyranoside (≥99%), α-Glucosidase from 

Saccharomyces cerevisiae (Type I, ≥10 units/mg 

protein), acarbose (≥95%), amylase, p-nitrophenyl-a-

D-glucopyranose (p-NPG), 3,5- dinitro-salicylic acid 

(DNS), serum albumin (BSA), methylglyoxal (MG), 

40% aqueous solution), bovine hemoglobin (Hb). All 

the chemicals used including the solvents, were of 

analytical grade were purchased from Sigma Chemical 

Co. (Sigma-Aldrich (St. Louis, MO, USA). 

2.2. Phytochemical studies  

2.2.1. Plant material  

Samples of full bloom plants were collected from 

wild population in MSila region (Coordinates: 35420 

N 4330 E), Algeria, identified by Professor Mohamed 

Kaabeche (Biology Department, University of Setif 1, 

Algeria). A voucher specimen has been deposited in 

the Herbarium of the VARENBIOMOL research unit, 

University Frères Mentouri Constantine1. Aerial parts 

were manually separated, dried at controlled 

temperature (40 °C) in the dark until constant weight. 

Then plant material was powdered to a uniform 

granulometry and stored in the dark at –20 °C, in 

vacuum bags, until extractions. 

2.2.2. Extraction 

The air-dried aerial parts (leaves and flowers, 2.0 

kg) of T. algeriensis were powdered and macerated at 

room temperature with EtOH–H2O 70:30, (v/v) (15 L) 

for 24 h, four times with fresh solvent. After filtration, 

and evaporation. The remaining aqueous solution was 

extracted successively with CH2Cl2, EtOAc, and n-

BuOH, giving CH2Cl2 (7.42 g), EtOAc (4.19 g) and n-

BuOH (BETA) (33.15 g) extracts. In our investigation, 

we are interested to BETA. 

2.2.3. Determination of total phenolic content (TPC) 

The total phenolic (TPC) was determined with the 

Folin–Ciocalteu reagent following the method of 

Singleton et al. [21] with a slight modification using 

Gallic acid as standard. Results were expressed as 

micrograms of gallic acid equivalents per milligrams 

of extract (µg GAE/mg). 

2.2.4.  Determination of total flavonoid content 

(TFC) 

The concentration of flavonoids was achieved using 

the method described Ordonez et al. al. [22] by using 

the aluminum chloride reagent results were expressed 

as µg quercetin equivalents (QE)/mg extract. 

2.2.5. LC-MS analysis  

The qualitative and quantitative analyses of 

polyphenolic compounds were performed by LC–MS. 

Thermo Scientific - Dionex Ultimate 3000 -TSQ 

Quantum with Thermo ODS Hypersil 250 × 4.6 mm, 

5 µm column were used for quantitative analysis. The 

injection volume was 20 µL. The mobile phase 

included eluent A, water with 0.1 % formic acid and 

B, methanol. The flow rate was 0.7 mL/min at 40 °C. 

The gradient program was fixed as follow: 0-1 min, 

100 % A, 5-20 min, 95 % A, 1-22 min, 5 % A, 25 min, 

5 % A, 30 min 0 % A. Total process time was 30 min. 

Extracts were prepared to be 1 mg/1 mL and analyzed. 

The relationship between peak area and concentration 

was found to be linear from 0.5 to 10 mg/L (ppb) for 

each compound. Linearity was assessed using linear 

regression analysis of six points for each compound. 

Linear plot consists of three replicates per point. For 

all analyses, the correlation coefficients (R2 values) 

were found to be ≥0.99. The limit of detection (LOD) 

and the limit of quantification (LOQ) values of 

compounds for LC-MS/MS method are given in 

Table. LOD and LOQ were determined by using 

measurements of reagent blanks spiked with low 

concentrations of analyte according to EURACHEM 

GUİDE. The blank solution was spiked to 0.1 ppm 

standard. Calculate LOD and LOQ as LOD = 3*S0 

and LOQ= 10*S0, where S0 is the standard deviation. 

The standards used for LC-MS/MS analysis were 

chlorogenic acid, naringenin, p-hydroxybenzoic acid, 

kaempferol, gentisic acid, p-coumaric acid, quercetin, 

gallic acid, rosmarinic acid, ferulic acid and caffeic 

acid. 

2.3.  In vitro antioxidant effect  

2.3.1. Lipid peroxidation (LPO) inhibition induced by 

Fe2+/ascorbic acid system 

The reaction mixture containing rat liver 

homogenate (0.1 mL, 25 % w/v) in Tris-HCl (30 mM), 

ferrous ammonium sulfate (0.16 mM), ascorbic acid 

(0.06 mM) and different concentrations of the extract 

was incubated for 1hr at 37 °C and the resulting 
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thiobarbituric reacting substance (TBARS) was 

measured at 532 nm [23]. 

2.3.2. β-carotene/linoleic acid bleaching assay 

The antioxidant activity was evaluated using the β-

carotene-linoleic acid model system [24]. BHA and 

trolox were used as standards. Antioxidant activities 

(inhibition percentage) of the samples were calculated 

using the following equation: Inhibtion % = 

(Absorbance of β-carotene at 120 min /Initial 

absorbance of β-carotene) × 100. 

2.3.3. Peroxidation inhibition of linoilic acid ferric 

thiocyanate assay 

The peroxy radical scavenging activity was 

determined by thiocyanate method [25]. BHA and 

trolox were used as standards. Antioxidant activities 

(inhibition percentage) of the samples were calculated 

using the following equation:  

Inhibtion % = (Absorbance at 72 hr-initial 

absorbance/Absorbance at 72 hr) × 100 

2.4.  Antidiabetic studies 

2.4.1. α-amylase inhibitory activity 

α-amylase inhibitory activity of extract was carried 

out according to the method of [26] with minor 

modification. The absorbance was read at 580 nm and 

the percentage inhibition was calculated using the 

equation: inhibition of enzyme activity was calculated 

as follows: Inhibitory effect (%) = (Absorbance of 

control – Absorbance of sample) / Absorbance of 

control × 100. 

2.4.2. α-glucosidase inhibitory activity 

The α-glucosidase inhibitory assay was performed 

by applying the literature procedure with minor 

modifications according to Matsuura et al. [27]. 

Absorbance of the resulting p-nitro phenol (pNP) was 

determined at 405 nm using spectrophotometer and 

was considered directly proportional to the activity of 

the enzyme acarbose was used as a positive control. 

Inhibitory effect (%) = (Absorbance of control – 

Absorbance of sample)/Absorbance of control × 100. 

2.4.3. Anti-glycation (anti-AGE) Activity 

2.4.3.1. In-vitro BSA-glucose assay  

The anti-AGE of BETA, metformin and 

aminoguanidine were performed by using BSA-

glucose assay [27]. After the incubation for 7 days at 

37 °C in dark, the samples were measured at 

fluorescence intensity (excitation wave length of 370 

nm and emission wave length of 440 nm) using Omega 

micro plate reader. The percent inhibition was 

calculated by using equation: AGE inhibition = [(F0-

Ft)/F0 x 100], where Ft and F0 represent the 

fluorescence intensity of the sample and the control 

mixtures, respectively. 

2.4.3.2.  In-vitro BSA-methylglyoxal (MGO) model 

The BSA- MGO reaction mixture was incubated at 

37 °C for 7 days, aminoguanidine an inhibitor of 

glycation of proteins was used as a positive control the 

fluorescence intensity of the samples was measured at 

an excitation wavelength of 370 nm and an emission 

wavelength of 440 nm, using an Omega microplate 

reader [28]. The percentage of inhibition was 

calculated by using the above formula. 

2.4.3.3.  Anti-hemoglobin glycation 

  Glycation of hemoglobin was performed 

according to the methodology described by Gutierrez 

et al. [29] and Liu et al [30]. The concentrations of 

glycated hemoglobin were measured after the 

incubation period of 72 hr at a wavelength of 443 nm. 

The test the inhibition of glycated hemoglobin was 

calculated using above equation.  

2.5. Statistical analysis 

Statistical analysis was performed using Microsoft 

Office Excel 2016. All the results were expressed as 

mean value ± SD of three measurements. IC50-value 

(µg/mL) is the effective concentration, which proves 

50 % of activity, was calculated for each assay. 

Significant differences between means were 

determined by Student’s t-test, differences between 

groups were carried out by analysis of variance 

(ANOVA) followed by Tukey test. p values <0.05 

were considered as significant. 

 

3. Results and discussion  

3.1. Polyphenol and flavonoid contents 

Table 1 

Polyphenol and flavonoid contents of BETA 

extract 

Extract TPC (µg GAE/ 

mg extract)* 

TFC (µg QE/ mg 

extract)** 

BETA 299. 48 ± 1.38 168.17 ± 0.80 

Results are expressed as means± SD deviation of three 

measures. 

*Total phenolic is expressed as µg Gallic acid equivalents/mg 
of extract; **Total flavonoids are expressed as µg Quercetin 

equivalents/ mg of extract. 

T. algeriensis has been reported for its richness in 

secondary metabolites particularly flavonoids and 

phenolic acids [18]. In our present results a high 

phenolic and flavonoid contents were found in the of 

n-BuOH plant extract of T. algeriensis with values of 

299.48±1.38 µg GAE/mg extract and 168.17±0.80 µg 

QE /mg extract. That it seems that they belong to the 

interval of values reported in the literature between 

18.73 µg GAE/mg and 318.07 ± 0.88 µg GAE /mg 

[31,32]. Our results are in accordance with the findings 

obtained from other studies carried out on T. 

algeriensis, for the same fraction. Mokhtari et al. [32] 

revealed a value of 318.07 0.88 µg GAE/mg and 

198.17±0.12 µg QE/mg for TPC and TFC values 

respectively, more or less similar to our results. In 

addition, Righi et al. [33] reported that the crude 

hydromethanolic extract of T. algeriensis exhibited a 

TPC of approximately 300 µg GAE/mg, consisting of 

flavonoids (16 µg QE/mg). However, Hazzit and 

Baaliouamer. [14] found that T. algeriensis from 

Algeria showed a chemical polymorphism, even for 

samples from the same location. From the semi-arid 

area surrounding Bechar, in the south- west of Algeria, 
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different results (18.73 mg GAE/g extract) were 

obtained by the authors [31,34], TPC was detected at 

81.5 mg GAE/g of T. algeriensis. While at the 

flowering stage of T. algeriensis in the Algerian 

Saharan Atlas zone (Laghouat region), TPC and TFC 

values were recorded respectively at 125±1 mg/g 

extract and 118±1 mg/g of ethanolic extract [20]. 

Numerous studies conducted have established that 

Thymus species are rich and promising sources of 

phenolic compounds and flavonoids. The amounts of 

phenolic and flavonoid compounds in crude extracts 

can also vary due to environmental factors, cultivation 

practices, growing locations and storage [35]. It should 

be mentioned that an increase of the phenolic 

metabolism in these plants may be related to the hard 

climate conditions (hot temperature, height solar 

exposure, dryness, short growing season) [36].   

3.2. LC-MS analysis 

It has been reported that Thymus species showed a 

great variability in the contents of the phenolic 

compounds [37]. Several phytochemical studies were 

performed on Thymus algeriensis, differences among 

phenolic compounds levels can be related to 

environmental conditions [20]. Many factors can be 

responsible for this variability in the chemical 

composition of thyme extracts. The most important are 

the climate, the soil, the harvest period and the method 

of preservation and extraction [19,38]. The chemical 

compositions of this species of thyme found in the 

literature relating to different countries (Libya, 

Algeria, Tunisia and Morocco) are characterized by 

different chemotypes and a great variability [39]. In 

our results, the LC-MS profile of the n-BuOH fraction 

of the T. algeriensis (BETA) is illustrated in Fig.1. 

Several compounds were detected; only eleven 

phenolic compounds were identified in the BETA by 

comparing their retention times with those of available 

commercial standards (Table 2 and Fig.1). 

 
Figure 1 : LC-MS analysis of the phenolic 

constituents of BETA

 

The most abundant molecule was the ferulic acid 

(59826.860 mg/kg extract), followed by rosmarinic 

acid (54228.711 mg/kg extract), cafeic acid (3404.063 

mg/kg extract), chlorogenic acid (916.221 mg/kg 

extract), p-hydroxybenzoicacid (755.211 mg/kg 

extract), p-cumaric acid (715.134 mg/kg extract), 

gentisic acid (272.822 mg/kg extract), gallic acid 

(102.786 mg/kg extract), 4-OH benzaldehyde (29.089 

mg/kg extract) and the flavonoids, naringenin 

Table 2 : LC-MS of phenolic compounds  from BETA 

N° Name 
MS/MS Ions studied 

LOD LOQ RT 
mg phenolic/Kg 

Extract Parent Product CE Polarity 

1 Gallic acid  169.7 
80.5 

126.2 

25 

16 

- 

- 
0.058 0.091 10.1 102,786 

2 Gentisic acid 153.7 109.5 21 - 0.026 0.039 13.87 272,822 

3 Chlorogenicacid 353.4 
86.5 

192.1 

43 

21 

- 

- 
0.051 0.072 14.25 916,221 

4 p-Hydroxybenzoicacid 137.9 
66.6 

94.6 

38 

17 

- 

- 
0.243 0.519 14.64 755,211 

5 Cafeicacid 179.7 
135.2 

136.2 

27 

18 

- 

- 
0.042 0.058 15.26 3404,063 

6 p-Cumaricacid 163.9 
94.3 

120.2 

33 

17 

- 

- 
0.069 0.109 16.97 715,134 

7 Rosmarinicacid 359.2 
134.3 

162.2 

44 

20 

- 

- 
0.029 0.050 17.86 54228,711 

8 Ferulicacid 195.4 
89.4 

177.4 

30 

7 

+ 

+ 
0.063 0.118 17.88 59826,860 

9 Naringenin 273 
147.1 

153 

20 

24 

+ 

+ 
0.052 0.068 20.46 141,739 

10 Quercetin 301 
152.1 

179.9 

23 

20 

- 

- 
0.141 0.181 20.51 639,517 

11 4-OH benzaldehyde 121.9 
93.5 

121.1 

25 

20 

+ 

+ 
0.032 0.059 15.32 29,089 
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(141.739 mg/Kg), quercetin (639.517 mg/kg extract). 

The results obtained by Boutaoui et al. [40] on the 

same fraction, reported the presence of three 3 

common products and other different compounds in 

which epicatechin had the highest concentration. 

Rezzoug et al. [20], reported that the ethanolic extract 

of T. algeriensis from the Algerian Saharan Atlas 

(Laghouat), contains six different compounds, in 

which epicatechin was also found to be the major 

compound. The current investigation has shown that 

the main constituents of T. algeriensis are rosmarinic 

acid and ferulic acid followed by caffeic acid. Our 

results are in agreement with results obtained from 

other studies which reported the major constituent of 

T. algeriensis is rosmarinic acid. Mansour et al. [41] 

revealed that from the methanol extract of the T. 

algeriensis (Ain Dem- AIN Defla” region; Algeria), 

thirty-five secondary metabolites were characterized 

phenolic acids, mainly rosmarinic acid and its 

derivatives, dominated the T. algeriensi sextract. 

Righi et al. [33], also revealed the presence of 

rosmarinic acid in the methnolic extract from 

flowering T. algeriensis (Taglait, Bordj BouArreridj 

region; Algeria). Mokhtari et al. [32] revealed the 

presence of ten compounds including rosmarinic acid 

in the n-BuOH extract of T. algeriensis (Chelia 

mountain, Banta; Algeria). The different mentioned 

results show that the chemical composition of thyme 

extract can vary depending on the geographic location. 

In addition, the phenol content of the plant extract 

depends on various parameters such as genetic and 

ecological factors, the part of the plant used, the 

extraction method used and the same age of the plant 

[18,42]. In agreement with our findings, several 

studies note that despite the fact that Thymus plants are 

generally known for their richness in rosmarinic acid, 

the specific phenolic composition of thyme extracts is 

dependent on several factors [19,38]. 

3.3. LPO inhibitory activity of BETA 

Table 3:Lipid peroxidation inhibition of BETA 

extract (IC50 value: µg/mL). 
Extract/ 
Standard 

FeCl2/ 

Ascorbate 

β-Carotene/ 

Linoleic acid 

Linoleic acid 
ferric/ 

thyiocyanate 

BETA 177.20±2.87 234.71±9.25 201.63±8.97 

Troloxa 62.06±1.368  64.63±18.42 47.58±8.47 

BHAa 68.94±12.22  45,77±7.66 38.73±8.7 

IC50 values is defined as the concentration of 50% inhibition 

percentages and calculated by semi logarithmic regression analysis 

and expressed as Mean ±SD (n=3).  
a: reference compounds, BHA (butylatedhydroxyanisole) and 

Trolox 

3.3.1. LPO inhibition ( Fe2+/ascorbic acid system ) 

Lipid peroxidation is thought to be an important 

factor in the pathophysiology of a number of diseases 

[43]. Lipid peroxidation is probably the most 

extensively investigated free radical-induced process 

[44]. Table 3 showed that BETA extract reduced 

TBARS format ion in a concentration-dependent 

manner. BETA reduces (63.54±0.90 %) the MDA 

generated by Fe3+/ascorbate at a concentration 400 

µg/mL with an IC50 value: 177.20±2.87 µg/mL. This 

effect was comparable to the two standard references 

trolox and BHA which achieved 80.65±1.55 %; and 

83.09±0.74 % respectively only at 200 µg/mL, with an 

IC50: 62.06±1.368 µg/mL and 68.94±12.22 µg/mL 

values respectively. 

3.3.2. β-Carotene/linoleic acid bleaching inhibition 

of BETA 

The oxidation of linoleic acid produces 

hydroperoxides derived free radicals that attack the 

chromophore of β-carotene resulting in bleaching of 

the reaction emulsion [24]. Table 3 showed that there 

was a decrease in absorbance value due to the 

oxidation of β-carotene at 400 µg/mL, the n-BuOH 

exhibited high antioxidant activity (76.811.60 %; IC50: 

234.71±9.25 µg/mL) as compared to standards 

substances BHA and trolox (93.36±0.11 %; IC50 

:45.77±7.66 µg/mL and 84.43±1.19 %; IC50: 

64.63±18.42 µg/mL) respectively. The presence of 

varying amount of antioxidant compounds in BETA 

can hinder the extent of β-carotene bleaching by 

neutralizing the linoleate free radicals and other free 

radicals formed in the system [45]. 

3.3.3. Peroxidation inhibition of linoilic acid ferric 

thiocyanate assay 

In this system, the ferrous ion is oxidized by 

linoleate radicals such as hydroperoxides to form the 

ferric ion which is monitored as a thiocyanate complex 

at 500 nm. The antioxidant compounds in the plant 

extract prevent oxidation of ferrous ion inhibiting the 

linoleate radicals in system [25]. The oxidation of 

linoleic acid was effectively inhibited by BETA. The 

BETA showed high antioxidant activity with 

75.27±0.81 % at 400 µg/mL with IC50: 201.63±8.97 

µg/mL; by inhibiting the formation of ferric ion. This 

inhibition was clearly compared to the two standard 

references trolox and BHA (83.55±0.46 %; IC50: 

47,58±8,47 µg/mL and 87.44±0,82 %; IC50: 38.73±8.7 

µg/mL) respectively. According to our finding, the 

beneficial effect of BETA may be attributed to the 

presence of high amounts of polyphenols. Our 

phytochemical studies on BETA revealed its richness 

in polyphenols such as ferulic acid, rosmarinic acid, 

cafeic acid, chlorogenic acid and quercetin mentioned 

in our work have been revealed antioxidant agents 

[46]. Our antioxidant findings are in good agreement 

with several studies in the literature, which show that 

Thymus species are candidate as potential antioxidant 

agents, their richness in rosmarinic acid and its 

derivatives have been previously reported for their 

antioxidant properties [47]. This potentiality could be 

attributed to its unsaturated double bound and the 

presence of dihydroxyphenol or catechol structure that 
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facilitates the delocalization of the resulting quinones 

[48]. The presence of catechol structure in the C11 and 

C12 position is also an important element in the 

antioxidant activity of romarinic acid. The presence of 

a carboxylic group in a phenolic acid dimer like 

rosmarinic acid enhances the antioxidant activity of 

this compound [47]. Increased oxidative stress is 

widely accepted as a participating in the development 

and progression of diabetes [3]. 

3.4. Antidiabetic activities of BETA 

3.4.1.  Anti-𝛼-amylase and anti-𝛼-glucosidase 

activity

 

Table 4:% α-amylase inhibitory effect and  α-glucosidase inhibitory  effect of BETA 

α-Amylase α-Glucosidase 

Concentration (µg/mL)  BETA acarbosea BETA acarbosea 

50 33.43±1.14 48.96±2.75 26.04±0.69 43.99±0.90 

100 43.23±1.83 67.21±3.08 34.33±2.04 47.91±1.38 

200 61.03±1.45 86.37±4.75 45.65±0.69 64.35±1.20 

400 66.16±1.81 92.70±1.45 60.43±1.14 88.18±5.77 

600 76.57±0.45 93.46±0.94 64.80±1.20 90.89±0.69 

IC50 132.53±5.24 41.64±4.94 237.79±15.20 85.24±6.69 

IC50 values is defined as the concentration of 50% inhibition percentages, expressed as Mean±SD (n=3). a : 

reference compounds. 

 

The inhibition of 𝛼-amylase and 𝛼-glucosidase 

activities is one of the primary approaches to manage 

hyperglycemic conditions of T2D patients [49]. 

According to current opinions, it is believed that 

inhibitory effects against the two key enzymes, 

namely 𝛼-amylase and 𝛼-glucosidase, may from the 

present results, BETA effectively inhibits the action of 

both 𝛼-amylase and 𝛼-glucosidase enzyme in a 

concentration dependent manner. The percentage 

inhibition of the two enzymes varied from 33.43±1.14 

% to 76.57±0.45 % and from 26.04±0.69 % to 

64.80±1.20 % respectively at a concentration ranging 

from 50 to 600 µg/mL compared to acarbose (from 

43.99±0.90 % to 90.89±0.69 %) in the same range of 

concentration. The IC50 values of BETA for 𝛼-amylase 

and for the enzyme 𝛼-glucosidase inhibition were 

respectively (132.53±10.24 µg/mL and 237.79±15.20 

µg/mL) comparable to that of acarbose (IC50: 

41.64±4.94 µg/mL and 85.24±1.69 µg/mL) 

respectively (Table 4). Acarbose is widely used in the 

treatment of patients with type 2 diabetes via 

inhibiting the upper gastrointestinal glucosidases that 

convert complex polysaccharides into 

monosaccharides [51]. Dietary polyphenols, in 

addition to their antioxidant, have been reported to 

exert anti-hyperglycemic by binding to glucose 

transporters [52] and competitively inhibiting 

digestive enzymes [53]. In the present study, the 

polyphenol-rich BETA extract showed high inhibitory 

effects against both 𝛼-glucosidase and  

𝛼-amylase (Table 4), revealing that it could implement 

a potential anti-diabetes function by inhibiting the two 

enzymes. In addition, many herbs rich in phenolic 

compounds have been reported to exhibit strong 

interaction with proteins and can inhibit their 

enzymatic activities by forming complexes and 

changing conformation [26]. This inhibitory activity 

of the T. algeriensis extract could be due to the 

presence of several phytochemicals such as rosmarinic 

acid [54-56]. Many flavonoids, such as rutin, 

myricetin, kaempferol and quercetin, have been 

previously reported to inhibit 𝛼-glucosidase and 𝛼-

amylase, these flavonoids exhibit both hypoglycemic 

and antioxidant effects in diabetic [57]. Collectively, 

our findings based on the refined and their roles could 

be directly associated with their specific structural 

characteristics, such as the position and number of 

hydroxyls and the number of double bonds on 

aromatic rings A and B as well as the heterocyclic ring 

C [58]. 

3.4.2. Anti-glycation activity of BETA 

 

Table 5  

Anti-aglycation of BETA extract (IC50 value : µg/mL). 
Extract/Satandards BSA- 

glucose 
BSA-
MGO 

Hb-glygation 

BETA 284.9±19.53 203.65±5.7 254.35±12.43 

Aminoguanidinea 75.72±7.12 70.16±2.72 190.15±9.26 

Metforminea 111.18±7.71 76.20±3.83 154.72±6.48 

IC50 values is defined as the concentration of 50% inhibition 

percentages, expressed as Mean ± SD (n=3). a: reference 

compounds. 

Formation of AGEs that leads to the glycation reaction 

of proteins is a hallmark of long-standing 

hyperglycemia [59]. It has been revealed that AGEs 

play key role in the development of diabetic 

complications [60]. Despite glycation inhibitors; 

metformin and aminoguanidine; which inhibit the 

crosslinking of AGE-BSA in glucose- BSA or free 

methylglyoxal scavenger respectively, they have been 

limited, due to their cytotoxicity, or because they are 

not effective enough to inhibit the glycation process in 

chronic hyperglycemia and other side effects [7]. 
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Thus, there is an urgent demand for new and non-toxic 

agent. In the present study, the inhibitory activity of 

BETA on the AGE was evaluated using glucose-BSA 

and MGO-BSA glycation protein and Hb glycation 

model. Table5 showed that BETA proved dose 

dependent antiglycation activity when used glucose-

BSA glycation model. At 600 µg/mL, BETA exhibited 

(75.56±2.04 %) inhibition of glucose-BSA glycation 

with an IC50: 284.9±19.53 µg/mL. The two standard 

drugs, metformin and aminoguanidine, revealed 

(80.98±2.30 %; 85.178±3.56 %) inhibition of AGEs 

only at 300 µg/mL with IC50: 111.18±7.71 µg/mL and 

75.72±7.12 µg/mL respectively. 3-methylglyoxal 

(MGO) is considered to be one of the most reactive 

precursors of AGEs and is the reactive capable of 

causing dicarbonyl stress, influencing normal 

physiological functions [61]. In our study, BETA also 

had an inhibitory effect on AGEs’ formation when 

tested on MGO-BSA glycation at 600 µg/ mL 

(76.8±0.48%; IC50: 203.65±0,70 µg/mL). Inhibition of 

MGO-BSA glycation for metformin and 

aminoguanidine were found to be 84.71±2.41 %; IC50: 

76.20±3.83 % and 88.71±2.41 %; IC50: 70.16±2.72 

µg/mL respectively. Autoxidation and disruption of 

the electron transport chain protein glycation is a key 

molecular basis of diabetic complications resulting 

from chronic hyperglycemia [61]. It is believed that 

the formation of AGEs over a prolonged period in vivo 

especially affects long-lived proteins such as 

hemoglobin, hemoglobin A1c, a well-known non-

enzymatic glycation product. Hemoglobin A1c is a 

clinical index for diabetes mellitus, where in the N-

terminal amino group of valine is glycated [30]. BETA 

succeeded in restricting hemoglobin glycation upon 

exposure to 2 % glucose over a 72 hours period and 

was able to reach 77.82±2.36 % at 600 µg/mL with an 

IC50 value of 254.35±2.43 µg/mL, compared to 

metformin and aminoguanidine (90.30±1.39 %; IC50: 

154.72±6.48 µg/mL and 87.27±2.91 %; IC50: 

190.15±3.26 µg/mL) respectively (Table 5). It has 

been reported that the early stage of the Maillard 

reaction is accompanied by the production of a large 

amount of free radicals [27,62]. Therefore, we 

considered the anti-lipid peroxidation and free radical 

scavenging which has been demonstrated by BETA 

may have an effective effect on reducing AGEs at the 

early stage of glycation. Interestingly, the anti-AGE 

effect of BETA could be due to its richness in 

polyphenols identified by LC/MS analysis. The most 

abundant and potent agents reported were ferulic acid 

and rosmanic acid, followed by caffeic acid and 

chlorogenic acid. The possible synergistic interactions 

of these phenolic compounds have shown antioxidant 

properties, which may be beneficial for the anti-AGE 

effect [63]. Ferulic acid and chlorogenic acid have 

been reported to all significantly inhibit glucose-

mediated protein modification [64], and all can 

significantly inhibit glucose-mediated protein 

modification [65]. Caffeic and chlorogenic have been 

reported to be the major inhibitors of AGE generation 

by methylglyoxal in model proteins [58] and could 

inhibit AGE production and the subsequent 

crosslinking of proteins activity [66,67]. Quercetin 

was shown to be effective at the late stage of protein 

glycation in the BSA-glucose model and significantly 

reduced the production of Amadori hemoglobin. 

HbAlc, at the start of the glycation phase [48] 

Aminoguanidine, an AGE inhibitor, has been found to 

be able to inhibit AGE production by scavenging MG 

and ethanedial [57]. The basic structure of phenolic 

acid has many hydroxyl groups; therefore, it may have 

excellent antiglycative and MG trapping functions 

when a benzene ring has one to twoOH groups. The 

compound 2,4,6-trihydroxybenzoic acid compound is 

believed to have good MG scavenging structure [64]. 

LC/MS analysis revealed that BETA possesses several 

antioxidants such as phenols and flavonoids, which 

have been suggested to inhibit the formation of AGEs, 

these properties, have been attributed to the structure 

of these compounds. 

4. Conclusion 

Based on these findings; it can be concluded that 

BETA exhibited a good inhibition of lipid 

peroxidation on different in vitro models 

(Fe2+/ascorbic acid system; β-carotene-linoleic acid 

model system and linoleic acid ferric thiocyanate 

assay). The effectiveness of BETA in combating 

diabetics was clarified on several in vitro studies (α-

amylase and 𝛼-glucosidase inhibition activity, anti-

AGE activity (MGO-BSA; MGO-BSA; hemoglobin 

glycated). The antidiabetic activities of BETA could 

be due to its richness in polyphenols identified by 

LC/MS analysis, mainly the potent agents, ferulic 

acid, rosmanic acid cafeic acid. Synergistic 

interactions between all their compounds; can qualify 

BETA as an effective agent against diabetic 

complications linked to oxidative stress. In addition, 

these effects need to be confirmed using in vivo 

models for its effective use as therapeutic agents. 
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