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Summary 

 Teucrium polium (Lamiaceae) is used both as a food to prevent health and as a drug to treat 
hyperglycemia in Iran. In this study, we isolated the high free radical scavenging and anti-
glycation compounds from T. polium and protective effect of both flavonoid compounds was 
evaluated on rat isolated islets in streptozotocin induced oxidative stress. Based on our 
results, rutin (quercetin-3-rutinoside) and apigenin isolated from T. polium exhibited high 
antioxidant activities compared to the other isolated compounds from T. polium. Regarding 
the link between glycation and oxidation, we proposed that the rutin and apigenin might 
possess significant in vitro antiglycation activities as well. These two flavonoids also showed 
strong inhibitory effects on the production of advanced glycation end products (AGEs) from 
bovine serum albumin in the presence of glucose in term of PCO formation and thiol 
oxidation. In addition, rutin as well as apigenin able to prevent oxidative stress condition 
induced by streptozotocin and increase insulin release in rat islets. It may be concluded that 
T. polium possess potent antiglycation and insulinotropic compounds, which can be of great 
value in the preventive glycation associated complications in diabetes.  
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Introduction 

Reactive oxygen species (ROS) including hydrogen peroxide, singlet oxygen, superoxide 
radicals, and hydroxyl radicals derived from the metabolism of oxygen in aerobic systems are 
produced in an imbalance conditions between generation and elimination of ROS (1).  ROS 
provide a wide potential condition for causing damages of cellular components such as DNA, 
protein and lipid. Accumulation of oxidative damages in intracellular macromolecules is an 
essential factor in pathogenesis of many diseases such as respiratory distress syndrome, 
ischemia/reperfusion injury, renal failure, rheumatoid arthritis, local or systemic 
inflammatory disorders, diabetes, atherosclerosis, cancer and neurodegenerative diseases (2, 
3). Several mechanism including autoxidation of glucose, protein glycation and advanced 
glycation end products (AGEs) formation may to be involved in hyperglycemia mediated 
oxidative stress (4). Non enzymatic protein glycation initiated by the reversible formation of 
a Schiff base which leads to formation of heterogeneous and toxic advanced glycation end 
products (AGEs) (5). The accumulation of the reaction products of protein glycation in living 
organisms leads to structural and functional modifications of tissue proteins (6). Regarding 
the significance of oxidative stress to diabetic pathology, numerous natural and synthetic 
ROS scavengers and antioxidants have been evaluated to inhibit the process of protein 
modifications against the attack of ROS and/or to suppress the resultant damages (7). Strong 
evidences from animal studies show that the glycation inhibitor, aminoguanidine, attenuates 
the development of a range of diabetic vascular complications. However, some toxicity 
problems have been encountered in clinical trials with aminoguanidine (8) Therefore, there 
has been an increasing interest in the use of plant compounds as antidiabetic compounds. In 
an attempt to find new antioxidants agents from plant materials as therapeutic agents, we are 
interested in the development of antioxidants that have potent anti-glycation activity.  
Teucrium polium was used as hypoglycemic plant in folk medicine in Iran. The biological 
activities of T. polium including anti-inflammatory, anti-nociceptive, anti-bacterial, anti-
hypertensive, hypolipidemic, anti-rheumatoid, and hypoglycemic widely reported (9-11). 
Recently, Esmaeili and Yazdanparast (12), showed the high insulinotropic and anti-
hyperglycemic activity of T. polium crude extract using both animal and/or isolated rat 
pancreatic islets.  There are also some data in literature about antioxidant activity of various 
crude extract of T. polium (13, 14). Based on these data, the present study was hence, 
undertaken to isolate and structural elucidate the high antioxidant flavonoid compound(s) 
from T. polium on glycation and oxidation dependent damages to albumin induced by 
glucose. In addition, the protective effect of these major compounds on pancreatic islets in 
streptozotocin induced oxidative stress was evaluated.  

 
 
 
 
 
 
 
 
 
 
 
 



Pharmacologyonline  2: 341-353 (2009)                             Esmaeili and Sadeghi 

 

 

343

 
 
 

Material and methods 
 

Plant material. Arial parts of Teucrium polium L. was collected from Sepidan area of Fars 
province, Iran during May 2004 and identified by Dr A. Sonboli, Medicinal Plants and Drug 
Research Institute, Shahid Beheshti University. A voucher herbarium specimen (No. 570) 
was deposited at the Herbarium of faculty of pharmacy, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran. The plant aerial parts were air-dried and grounded in to 
powder. The powder plant marterial (250 g) was extracted with methanol three times at room 
temperature. The plant extract was concentrated under reduced pressure on a rotary 
evaporator and fractionated by column chromatography on silica gel 60 (70–230 mesh, 
Merck; Darmstadt, Germany), using petroleum ether and petroleum ether: chloroform (9:1, 
8:2, 5:5, v/v), chloroform, and chloroform: ethyl-acetate (9:1, 8:2, 5:5, v/v), ethyl-acetate and 
ethyl-acetate: methanol (9:1, 8:2, 5:5, v/v) as eluents to afford nine fractions (F1-9). All the 
fractions obtained were used in antioxidant measurements. The Fraction 1 which showed the 
most antioxidant activity was purified by TLC on silica gel 230–400 mesh and eluted with 
ethyl-acetate: water: formic acid: glacial acetic acid (100:26:11:11, v/v/v/v) to obtained four 
fractions (1–3, 4–8, 9–13, and 14–18). The combined fractions of 14–18 and 9–13 (the most 
antioxidant activity) were purified on Sephadex LH-20 with methanol to obtained four 
compounds. Two compounds (Compound 1 and 2) which possess high antioxidant activity 
were performed for further studies.  By comparing the obtained spectral data (IR, NMR and 
UV) with literature, these two purified compounds were identified as rutin (quercetin-3-
rutinoside) and apigenin (Fig. 1).  
 
Rutin (Quercetin-3-rutinoside) (1): yellow-green amorphous powder. m.p. 208-212 0C; UV–vis 
(nm): λmax = 257, 351 nm. IR (KBr, cm−1): 3600-3200 (OH), 2920-2700 (CH), 1648 (C=O), 
1608-1550 (aromatic rings), 1435, 1321, 1294, 1265. 1H NMR (300.1 MHZ, CDCl3): 6.21(1H, 
d, J=2, C6-H), 6.40 (1H, d, J=2, C8-H),7.55 (1H, d, J=2.1,C2’-H),6.86 (1H, d J=9,C5’-H),7.56 
(1H, dd, J=9,2.1, C6’-H),9.71 (1H, s, C4’-OH), 9.21 (1H, s, C3’-OH), 12.62 (1H, s, C5-OH), 
10.86 (1H, s, C7-OH), 5.35 (1H, d, J=7.4, H1-G),5.12 (1H, d, J=1.9, H1-R), 1.00 (3H, d, 
J=6.1,CH3-R); 13C NMR (75.47 MHZ, CDCl3) 157.3 (C-2),134.1 (C-3), 178.2 (C-4), 157.5 (C-
5), 99.5 (C-6), 164.9 (C-7), 94.5 (C-8), 162.1 (C-9), 104.8 (C-10), 122.5 (C-1’), 116.1(C-2’), 
145.6 (C-3’), 149.3 (C-4’), 117.1 (C-5’), 122.0 (C-6’),101.6 (C1-G), 74.9 (C2-G), 77.3 (C3-G), 
72.7 (C4-G), 76.7 (C5-G), 67.9 (C6-G), 102.2 (C1-R), 70.8 (C2-R), 71.2 (C3-R), 71.4 (C4-R), 
69.1(C5-rhamnose), 18.6 (C6-glucose)  

Apigenin (2): yellow amorphous powder. m.p. 345-349 0C; UV–vis (nm): λmax = 265, 297 nm. 
IR (KBr, cm−1): 3297-3095 (OH), 2925-2617 (CH), 1655 (C=O), 1608-1520 (aromatic rings), 
1445, 1354, 1298, 1267. 1H NMR (300.1 MHZ, CDCl3):6.81(1H, s C2-H), 6.21(1H, d, J=2.1, 
C6-H),6.50 (1H, d, J=2.1,C8-H), 7.95 (2H, d, J=8.8,C2’, 6’-H), 6.94 (2H, d, J=8.8, C3’,5’-
H),10.39 (1H, s, C4’-OH), 12.94 (1H, s, C5-OH), 10.80 (1H, s, C7-OH); 13C NMR 
(75.47 MHZ, CDCl3) 165.0 (C-2),103.7 (C-3), 182.6 (C-4), 158.2 (C-5), 99.7 (C-6), 164.6 (C-
7), 94.8 (C-8), 162.3 (C-9),104.6 (C-10), 122.0 (C-1’), 129.4 (C-2’), 116.8 (C-3’), 162.0 (C-4’), 
116.8 (C5’), 129.4 (C-6’).  
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Fig.1. Chemical Structures of Compounds 1 (rutin) and 2 (apigenin).  
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DPPH free radicals scavenging activity assay. Radical scavenging capacity was determined 
according to the technique reported by Blois (15). An aliquot of 1.5 ml of 0.25 mM DPPH 
solution in ethanol and 1.5 ml of isolated compounds at various concentrations were mixed. 
The mixture was shaken vigorously and allowed to reach a steady state at room temperature 
for 30 min. Decolorization of DPPH was determined by measuring the absorbance at 517 nm 
with a Varian spectrophotometer. The DPPH radicals scavenging activity was calculated 
according to the following equation: 

Scavenging activity = [(A0-A1/A0)× 100] 

Where A0 is the absorbance of the control (blank, without extract) and A1 is the absorbance in 
the presence of the extract or standard sample. 

 

Trolox equivalent antioxidant capacity (TEAC) assay. A solution of ABTS.+ was prepared 
in 100 mM phosphate buffer saline (pH 7.4, 0.15 M sodium chloride) (PBS) (7 mM) and 
oxidized using potassium persulfate (2.45 mM) for at least 12 h in dark. The ABTS.+ solution 
was diluted to an absorbance of 0.7 ± 0.05 at 734 nm with PBS, pH 7.4. The ABTS.+ solution 
was used within 2 h because the absorbance of the radical itself depletes with time. For 
measuring antioxidant capacity, 10 µl of the sample was mixed with 990 µl of ABTS.+ 
solution. Absorbance of the above mixture was measured at 734 nm after 6 min. The decrease 
in absorption at 734 nm was used for calculating TEAC values. A standard curve was 
prepared by measuring the reduction in absorbance of ABTS.+ solution at different 
concentrations of Trolox (16). 
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Evaluation of various stages of protein glycation. BSA (50 mg/ml) was incubated with 
glucose (50 mM) and sodium azide (0.02%) with or without CuSO4 (100 µM) in 0.2 M 
phosphate buffer (pH 7.4). The rutin and/or apigenin were added to the reaction mixture, and 
the reaction mixture was incubated for 21 d at 37 °C (17). AG (10 mM) was used as a 
positive control. Fluorescence intensity of all samples was measured at the excitation and 
emission maxima of 370 and 440 nm, respectively. 
 

 Evaluation the protein carbonyl and thiol groups level. For determination of protein 
carbonyl content, 1 ml of DNPH (10 mM) was added to samples and after incubation for 30 
min at room temperature, 1 ml of cold TCA (10 %, w/v) was added to the samples and 
centrifuged at 3000 ×g for 10 min.  The protein pellet was washed three times with 2 ml of 
ethanol/ethyl acetate (1:1, v/v) and dissolved in 1 ml of guanidine hydrochloride (6 M, pH 
2.3). The absorbance of the sample was read at 370 nm. The data were expressed as nmol/mg 
protein. Thiol groups of native and glycated protein under effect of rutin were measured 
according to the Ellman's assay (18).   

 
Rat pancreatic islets isolation. To evaluate the effect of isolated compounds, pancreatic 
islets were isolated from 5 male Wistar Albino rats (body weight, 200 g purchased from 
Institute Pasteur, Tehran, Iran) using a collagenase digestion methods (19). Briefly, under 
ether anesthesia, the common bile duct was clamped at the opening to the duodenum and 
cannulated. The pancreas was distended by the infusion of 10 ml of Hank balanced salt 
solution containing 1 mg/ml collagenase (type V). The distened pancreas was taken out and 
incubated in 37 0C water bath for 50 minutes and the reaction was stopped by adding cold 
Hank balanced salt solution with 5 % fetal bovine serum. The mixture of islets was 
centrifuged at 1000× g to obtained individual islets. After centrifugation, the remainder of 
pellets was suspended in Hank balanced salt solution three times to remove collagenase and 
connective tissues. The isolated islets were cultured for 24 h in RPMI 1640 medium (Gibco 
Life Technologies), containing 5 mM glucose supplemented with 10 % FBS, 100 IU/ml 
penicillin, and 0.1 mg/ml streptomycin at a CO2 incubator (95 % air: 5 % CO2). After 
overnight recovery in RPMI 1640 media, islets were perincubated for 30 min at 37 0C in 
Krebs-Ringer Bicarbonate (KRB) buffer containing 5 mM glucose and/or STZ (5 mM) to 
evaluate insulin concentration.  
 

Flavonoids treatments. To investigation whether isolated compound exerts direct effect on 
the insulin release batches of 100 islets were established as followed: control, flavonoid 
treated, STZ treated and flavonoid and STZ treated islets. Each group was incubated in KBR 
buffer containing 5 or 11.1 mM glucose for 1 hour at CO2 incubator to maintain constant pH 
and oxygenation. The concentration of isolated compounds was (0.5-8 mM). For comparison, 
batches of islets were also incubated with a standard stimulating agent of insulin release, 0.15 
mM tolbutamide. The concentration of STZ used in this experiment was 5 mM.  

 

Measurements of insulin release and protein carbonyl formation. Aliquots of the medium 
were analyzed for insulin content by an enzyme-linked immunosorbent assay using a 
commercial kit (Rat insulin ELISA; DRG Instruments Gmbh, Germany), based on direct 
sandwich technique in which two monoclonal antibodies are directed against separate 
antigenic determinants on the insulin molecule.  
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The amount of carbonyl group present in isolate rat islets proteins after treatment with STZ 
and/or flavonoids was determined calorimetrically. The detection of PCO involved derivation 
of the carbonyl group with DNPH, which lead to formation of stable 2, 4-dinitrophenyl 
(DNP) hydrazone product as described by Levine et al (20).  

 

Statistical analysis. The results have been expressed as mean ± standard error of mean 
(S.E.M). Difference in means were compared using one way analysis of variance (ANOVA) 
followed by  Tukey Kramer’s post hoc test . P<0.05 were considered statistically significant. 

Results 

Antioxidant activity of isolated compounds from T. polium using different in vitro assay 

systems 

Regarding the antioxidant and free radical scavenging activity of T. polium, in this study we 
aim to isolate and evaluate the high antioxidant and anti-glycation compound(s) from 
methanol extract of T. polium. Fractionation of the methanol extract yielded four major 
flavonoids. The isolated compounds were screened for their antioxidant and free radical 
scavenging activities using two different antioxidant approaches including DPPH radical 
scavenging and TEAC methods. A rapid, simple and inexpensive method to measure 
antioxidant capacity of food involves the use of the free radical, 2, 2-Diphenyl-1-
picrylhydrazyl (DPPH). DPPH is widely used to test the ability of compounds to act as free 
radical scavengers or hydrogen donors, and to evaluate antioxidant activity of foods. It has 
also been used to quantify antioxidants in complex biological systems in recent years. The 
IC50 values (defined as the concentration of test compound required to produce 50% 
inhibition) for DPPH scavenging by various isolated compound(s) from T. polium was shown 
in Table 1. According to the findings presented in the table 1, the highest scavenging activity 
was found for isolated compound 1 of (22.6 ± 1.05 µg /ml), followed by isolated compound 2 
(26.14 ± 1.52 µg /ml) and compound 3 (33.20 ± 2.01 µg /ml). Compound 4 exhibited the 
weakest antioxidant activity in this test system of which IC50 value is ~38.11 ± 2.90 µg /ml. 
In addition, the antioxidant ability of each compounds to scavenge the blue-green colored 
ABTS.+ radical cation was measured relative to the radical scavenging ability of Trolox. All 
compounds showed free radical scavenging activity with different potencies. The highest 
activity was observed for the compound 1, with a TEAC value of 210 mg Trolox 
equivalents/g compound, followed by the compound 2, compound 3 and compound 4 with 
the TEAC values of 180, 102 and 87 Trolox equivalents/g compound, respectively (Table 1). 
Based on these cumulative data, it is clear that the compound 1 and compound 2 isolated 
from T. polium possess high antioxidant activites. Thus these two flavonoid compounds were 
used in further examinations in this study. 
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Table. 1 Antioxidant activity determined by the scavenging of 1,1-diphenyl-2-picrylhydrazyl 
(DPPH), and Trolox equivalent antioxidant capacity (TEAC) of different isolated compounds 
from T. polium 

 

 

 

 

Effect of rutin and apigenin on fluorescence intensity of glycated BSA in terms of total 

AGEs. 

The formation of total AGEs was assessed by monitoring the production of fluorescent 
products at excitation and emission maxima of 370 and 440 nm, respectively, as previously 
explained (17). The fluorescence intensity of this glycophore which is characteristic of AGEs 
was highly increased through incubation of BSA with glucose. Fig. 2 shows the effect of 
glucose on the total AGEs formation during 21 days of BSA incubation at 37 °C. Compared 
to the control values, the fluorescence intensity was significantly higher in samples with 
glucose. As it is evident in Fig. 2 rutin and apigenin at different concentrations (10–
100 µg/ml) has significantly quenched the fluorescence. The rutin and apigenin at the 
concentration of (50 and 75 µg/ml, respectively) exhibited 85 % and 70% of inhibitory 
activity, respectively. The ability of AG to inhibit AGE generation was about 90 %. These 
results indicated that rutin are effective in the prevention of high-glucose mediated protein 
glycation.  

 

 

 

 

TEAC DPPH (IC50) Sample 

250.25 ± 8.40 20.54 ± 1.62 Methanolic extract 

210.23 ± 5.40 22.60 ± 1.05 Compound 1 

180.51 ± 2.80 26.14 ± 1.52 Compound 2 

102.30 ± 4.30 33.20 ± 2.01 Compound 3 

87.10 ± 3.40 38.11 ± 2.90 Compound 4 

- 18.42± 1.21 BHT 
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Fig. 2. Effect of rutin (a) and apigenin (b) at concentration of (10–100 µg/ml) isolated from T. 

polium and aminoguanidine (AG, 1 mM) on fluorescent AGEs formation in the BSA/glucose 
system. The fluorescence intensity was measured at excitation and emission 370 and 440 nm, 
respectively. Each value represents the mean ± SD (n = 3). All values statistically different 
(P < 0.05) except those marked with the *. 

 

 

 

 

 

 

 

 

 

 

 

Inhibitory effect of rutin and apigenin on glycation-induced oxidative modification of 

BSA. 

In addition, the present study demonstrated that exposure of BSA to high-glucose level could 
enhance protein oxidation levels in terms of protein carbonyl (PCO) formation and loss of 
protein thiols. Rutin and apigenin inhibited high glucose-induced oxidative damages to 
protein by decreasing PCO formation and preserving protein thiols from oxidation (Table 2). 
This indicates that rutin and apigenin by decreasing oxidative stress may be effective in 
preventing oxidative protein damages which are believed to occur under the glycoxidation 
processes. The determination of free thiol groups in BSA was performed according to 
Ellman’s method (18) (Table 2). The results showed a significant decrease in the number of 
free thiol groups when BSA is incubate with glucose. The incubation of BSA solution (pH 
7.4) at 37 °C for a period of 21 days is sufficient to decrease the number of reduced thiol 
groups in albumin by 61% in the presence of glucose. However, rutin as well as apigenin in 
the presence of glucose significantly inhibited the oxidation of these thiol groups (Table 2). 
In this study, AG, as a positive standard, moderately inhibited PCO formation and the loss of 
thiol groups.  
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Table 2. Effect of rutin and apigenin isolated from T. polium and AG on protein carbonyl 
(PCO) formation and thiol groups content of glucose-glycated BSA 

 

 

 

 

 

 

 

 

Each value represents the mean ± SD (n = 3). Significantly different from control sample       
contained glucose (*p < 0.001). 

             a Reaction mixture with out glucose 

     b Reaction mixture in the presence of glucose 

 

 

Protective of flavonoids on pancreatic β-cell and increase insulin secretion. 

In this assay, rutin and apigenin, alone did not affect insulin release in the presence of either 5 
mM and/or 11.1 mM D-glucose compared with that of control tests. However, tolbutamide at 
0.15 mM concentration stimulated insulin secretion near 1.5 fold at both used glucose 
concentrations (5 and 11.1 mM). In addition, in STZ treated rat islets, the insulin release was 
significantly reduced compared with that of the other groups (data not shown). This 
phenomenon might be due to the destruction of β-cells by STZ (21).  Mean while, in the 
treated islets with all used compounds before STZ treatment, especially rutin, there was no 
statistical difference in basal insulin release (5 mM glucose) compared with the normal 
control (Fig. 3). However, the insulin release in flavonoids and STZ treated islets at high 
glucose concentration (11.1 mM glucose) was statistically greater than that in STZ-treated 
islets, although, it did not affect the level of insulin release in normal control islets (Fig. 3). In 
addition, in the presence of rutin and/or apigenin at concentration of 50 and 75µg/ml, 
respectively) a distinct inhibition of carbonyl groups in islets proteins occurred (about 73   
and 65 %, respectively) (data not shown). These observations may be related to their 
protective effect on pancreatic islets. 

 

 

Thiol group (pmol/mg protein) 
 

PCO (nmol/mg protein) 

 

Sample 

 

11.14 ± 1.01 0.40 ± 0.05 Control a 
 

4.45 ± 0.78 ± 0.13 2.98 Control b 
 

7.12 ± 0.46* 1.18 ± 0.07* AG 
 

9.71 ± 0.21* 

 

9.45± 0.35* 

0.87 ± 0.04* 
 
0.78 ±0.02* 

Rutin 
 
Apigenin         
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Figure 3.  Stimulation of rat islets release by rutin and apigenin isolated from T.polium. Rutin 
(a), and apigenin (b) induced at 50 and 75 µg/ml, respectively initiation of basal (5 mM 
glucose) and stimulated (11.1 mM glucose) insulin secretion at various conditions.  The 
insulin released by STZ treated islets with out any additive compound was 8 ± 1.2 µg/l. 
Tolbutamide at 0.15 mM concentration stimulated insulin secretion at both used glucose 
concentrations (5 and 11.1 mM) with 30 and 60 µg/l, respectively. The data present the mean 
±SD. statistically significances of the observed differences in insulin release compared to the  
appropriate controls are *P < 0.001. 
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Discussion 

Regarding the presence of free radicals and oxidative steps in the glycoxidation process, 
supplementation with antioxidants such as lipoic acid, vitamin E or flavonoids could 
indirectly strengthen the anti-glycation defence system. Natural flavonoids are known for 
their significant scavenging properties on oxygen radical in both conditions in vivo and in 

vitro (7). Fractionation of the methanol extract yielded four major flavonoids. The isolated 
compounds were screened for their antioxidant and free radical scavenging activities. Our 
data clearly established that the isolated compound 1 and 2 (rutin and apigenin, respectively) 
from T. polium possesses potent antioxidant properties. The relationship between the 
chemical structure of flavonoids and their radical-scavenging activities was evaluated. In 
general, antioxidant activity of flavonoids depends on the structure and substitution pattern of 
hydroxyl groups. The essential requirement for effective radical scavenging is the 3′, 4′-
orthodihydroxy configuration in ring B and 4-carbonyl group in ring C. The presence of 3-
OH group or 3- and 5-OH groups, giving a catechol-like structure in ring C, is also beneficial 
for the antioxidant activity of flavonoids and make them 10-fold more potent than the 
corresponding catechol and 3-OH free flavonoids (22). The presence of the C2–C3 double 
bond configured with a 4-keto arrangement is known to be responsible for electron 
delocalisation from ring B and it increases the radical-scavenging activity. Rutin has a 
catechol structure in ring B, as well as a 2, 3-double bond in conjunction with a 4-carbonyl 
group in ring C, allowing for delocalisation of the phenoxyl radical electron to the flavonoid 
nucleus. Flavonols have a hydroxyl group at position 3, which suggests a structurally 
important role of the 3-OH group of the chroman ring responsible for enhancement of 
antioxidant activity. The unsaturation in the C ring of flavonoids allows electron 
delocalization across the molecule for stabilization of the aryloxyl radical (23).  

Regarding the link between glycation and protein oxidation, antioxidant flavonoids might 
possess anti-glycation properties. In diabetic patients, the concentration of Schiff's base and 
AGEs is higher than those in normal human (5). Thus, it could be of great interest to propose 
the usage of natural flavonoids for the prevention of protein glycation. For example, Daidzein 
(an isoflavonoid) has been shown to interfere with AGEs mediated oxidative DNA damage in 
hypertensive rats (24). In addition, flavones glycosides isolated from Zea mays, showed the 
glycation inhibitory activity like to that of AG (25). The present study demonstrated that 
exposure of BSA to high-glucose level could enhance protein oxidation levels in terms of 
protein carbonyl (PCO) formation and loss of protein thiols. Rutin and/or apigenin inhibited 
high glucose-induced oxidative damages to protein by decreasing PCO formation and 
preserving protein thiols from oxidation. This indicates that these flavonoids by decreasing 
oxidative stress may be effective in preventing oxidative protein damages which are believed 
to occur under the glycoxidation processes. Our results suggested that the inhibitory activity 
of flavonoids was not only due to their antioxidant properties, but also some other 
mechanisms needed to be clarified in future. Since the ability of T. polium extract on 
scavenging of reactive forms of oxygen has been studied (26), it may be concluded that the 
inhibition of glycation by this plant could also be attributed to its overall antioxidant 
properties. Our findings clearly support not only the view that oxidative reactions have 
significant influence on AGEs formation but also on the possibility that antioxidants could be 
effective AGEs inhibitors. 

Previous studies of Esmaeili and Yazdanparast (27), showed that T. polium crude extract is 
able to reduce the blood glucose by increasing the insulin release due to prevent destruction 
of pancreatic β-cells in a model of streptozotocin (STZ) induced diabetes.  
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In addition, based on our unpublished data, the flavonoid rich fraction of methanol extract of 
T. polium is able to protect pancreatic β-cells against STZ-induced damages in experimental 
animals. At a high concentration of (300 mg/kg body weight for one month) this fraction 
reduced serum glucose levels and increased serum insulin levels in STZ-diabetic rats. At the 
same time, it improved cellular oxidative damages and decreasing lipid peroxides. There fore, 
it concluded that some flavonoids in T. polium crude extract might prevent β-cell destruction 
in oxidative stress conditions, and this could be attributed at least in part, to their antioxidant 
properties. Thus, in our studies, we focused the effects of rutin and apigenin (high antioxidant 
agents from plant) on insulin release using isolated rat islets. However, the insulin release in 
flavonoids and STZ treated islets at high glucose concentration was statistically greater than 
that in STZ-treated islets, although, it did not affect the level of insulin release in normal 
control islets. These finding are in agreement with Kim et al studies (21) which showed that 
the increased insulin release in epicatechin (a flavonoid isolated from tea) and STZ treated 
islets, might have resulted from the remaining β-cell mass rich in intact insulin granules and 
did not form the stimulatory effect of epicatechin on insulin secretion. Our results also 
confirmed the Kamalakkannan and stanely studies (28) on antioxidant effect of rutin in STZ 
diabetic rats. This is the first report on the preventive effect of major flavonoids from T. 

polium on β-cells destruction in a model of STZ-induced diabetes (mimicking human type 1 
diabetes). In summary, we found that flavonoids are responsible for the insulinotropic and 
hypoglycemic activity of T. polium. However, these compounds and other compounds should 
be assay in additional biological examination to evaluate their mechanism of action on insulin 
release and protective pancreatic β-cells from oxidative stress induced by streptozotocin to 
find therapeutic drugs for diabetes complication and related disease.                           
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