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ABSTRACT 

Background: The health benefits of edible plants have been widely investigated and disseminated. 

However, only polyphenols have been found to have sufficient therapeutic potential to be 

considered in clinical trials. Fewer manuscripts have other applications such as prospective health 

benefits and disease treatment. Other components of edible plants are responsible for a range of 

other benefits including antimalarial, burns, flu, cancer, inflammation, diabetes, glycation, 

antimicrobial, prevention of neurodegeneration, analgesic, antimigraine activity, sedative 

activities, etc. Accordingly, the public needs to be informed of the potential edible plants have to 

act on different targets and maintain better control over diabetes compared to commercial drugs 

which can be toxic, have side effects, do not have the capacity to maintain blood glucose at normal 

levels, and do not protect the patient from the complications of diabetes over time. Consequently, 

edible plants, such as Apium graveolen, which have therapeutic targets on AGEs formation, are 

potentially a better alternative treatment for diabetes. 
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Aim: To demonstrate if CM is capable of suppressing the formation of AGEs and protein oxidation 

in vitro. Also to investigate if A. graveolens is a potential functional food that can be used to 

prevent the development of diabetic complications. 

 

Methods: The leaves of celery were extracted with methanol (CM). Polyphenols contents in CM 

were investigated by liquid chromatography-electrospray ionization mass. The ability of the 

compounds to inhibit formation of AGEs was evaluated in vitro models using formation of AGE 

fluorescence intensity, level of fructosamine, Nε-(carboxymethyl)lysine (CML), methylglyoxal 

(MG)-derived protein, and formation of amyloid cross β structure. Protein-oxidation was 

determined by thiol group and protein carbonyl content. Inhibition of MG-derived AGEs and MG-

trapping ability were also measured. Additionally, insulin production was determined in 

methylglyoxal-treated pancreatic RINm5F cells assay. 

 

Results: Apigenin, kaempferol, apiin, rutin, caffeic acid, ferulic acid, chlorogenic acid, 

coumaroylquinic acid, and p-coumaric acid were the major polyphenols contained in CM. In all 

the model tests CM displayed potent AGE inhibitory activity, suggesting that CM delayed the 

three stages of glycation. Accordingly, the mechanisms of action of celery involving dicarbonyl 

trapping and breaking the crosslink structure in the AGEs formed may contribute to the protection 

of pancreatic RINm5F cells against MG conditions.  

 

Conclusion: These findings indicate that CM have an excellent anti-glycation effect which may 

be beneficial for future development of antiglycating agents for the treatment of diabetes. 

 

Keywords: Apium graveolens, anti-glycation, polyphenols methylglyoxal, insulin, pancreatic 

cells 

 

BACKGROUND 

Advanced glycation end products (AGEs) are irreversible and stable compounds produced in the 

glycation process, which is carried out by non-enzymatic reactions between free amino groups and 

reducing sugars. Then, AGEs react with other free amino groups that generate protein modification 

which are produced in order to change both their biochemical and physiochemical characteristics 

[1]. The accumulation of AGEs plays an important role in the pathology of diabetes complications 

[2]. The interaction of the receptor of advanced glycation endproducts (RAGE) with AGE form 

reactive oxygen species (ROS) generating oxidative stress and thereby causing vascular 

inflammation [3] and DNA damage with the induction of cell apoptosis [3]. Fructose and glucose 

are the most common reducing sugar in blood circulation which reacts with amino groups of 

proteins to produced AGEs. For example, in a fructose experiment, protein glycation reacted more 

quickly than glucose [4]. Due to the finding about the adverse effects of AGEs in diabetes, the use 

of anti-glycating agents have recently been associated with significant approaches in preventing 

age-related symptoms of this disease.  

An important dicarbonyl metabolite derived from glucose metabolism is methylglyoxal (MG), 

which forms advanced glycation end products (AGEs) after reacting with proteins, all of which 

are implicated in the pathogenesis of diabetes complications [5]. From previous studies, incubation 

of insulin in vitro with MG produced changes in the insulin molecule and impaired insulin-
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mediated glucose uptake in adipocytes [6]. The high concentration of carbohydrate caused 

production of MG to induce cumulative changes which increase development of type 2 diabetes 

and insulin resistance.  

Apium graveolens L. (Celery) is a biennial plant and a commercially important spice 

belonging to the family Apiaceae. Celery is used as a fresh plant, seeds, stalk, oleoresin, and oil to 

flavor foods. Celery extracts are reported to possess many pharmacological properties, such as 

attenuating liver enzymes and improving the lipid profile in cholesterol-fed diets [7]. In another 

study, the methanolic extract of A. graveolens seed demonstrated a protective effect on liver 

damage [8] and also inhibited the oxidant process due to the constituents derivatives of methoxy-

phenyl chromenone and L-tryptophan [9]. Nonpolar extract of root and bulbs of A. graveolens 

demonstrated a significant cytotoxicity effect [10]. Apiuman, a pectic polysaccharide isolated from 

A. graveolens, increased interleukin-10 production, decreased the interleukin-1β, and diminished 

the neutrophils migration, causing anti-inflammatory activity [11]. The antidiabetic, lipid profile, 

and antiglycation effect of the chloroform extract of the celery leaves was determined in previous 

studies [12]. In another study, we discovered that the hydroalcoholic extract of celery decreased 

low-density lipoprotein, triglycerides, and cholesterol [13]. The mechanism of this 

hypocholesterolemic effect is due to the content of compounds with sugar/amino acid moiety in 

the extract which causes an effect on bile acid secretion [14]. In the present study, we investigated 

the effects of CM on the production of AGEs through three stages: the early, intermediate, and late 

of formation of AGES [15]. 

 

METHODS  

Chemicals and reagents 

Cloruro de nitroblue tetrazolium (NBT), bovine serum albumin (BSA), aminoguanidine, glucose, 

methylglyoxal (MG), apigenin, luteolin, kaempferol, apiin, rutin, caffeic acid, ferulic acid, p-

coumaric acid, dimethylsulfoxide (DMSO), tricholoroacetic acid (TCA), guanidine hydrochloride, 

2,4-dinitrophenylhydrazine (DNPH), and 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) were 

obtained from Sigma (St. Louis, MO, USA). OxiSelect™ Nε-(carboxymethyl) lysine (CML) 

ELISA kit was purchased from Cell Biolabs (San Diego, CA, USA). Insulin-secreting β-cells line 

(RINm5F) were acquired from the American type culture collection (ATCC). RPMI médium 

(Difco, Mexico). All other chemicals used were of the analytical grade from Fermont (Los 

Angeles, CA, USA). 

 

Plant material 

Fresh celery was collected in Amecameca, Mexico State. Voucher specimen (6543) is kept in the 

Herbarium of Escuela Nacional de Ciencias Biologicas-IPN. Fresh materials for the celery (stalk 

and leaves) were cut into small pieces and dried at 50 ºC for 4 h and then plant materials were 

finely powdered and passed through a mesh #40-60 sieve prior to extraction [16].  

 

Plant extraction 

1 kg of the sample's powder was transferred into a 10-L reaction vessel and then 4 l of methanol 

was added. The mixture was refluxed for 3 h and filtered using Whatman filter paper [17, 18]. The 
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extraction was repeated twice. The filtrates were combined and concentrated into dryness using a 

rotary evaporator at 40-50°C. The crude extract (CM) was weighed, kept in tubes wrapped with 

aluminium foil to reduce the risk of oxidation, and stored in deep freeze. 

Characterization of phenolic by liquid chromatography-electrospray ionization mass  

(LC/ESI-MS) 

The methanol extract was subjected to Ultimate 3000 C18 semi prepared column (10 mm x 150 

mm; DIONEX, USA), and eluted with a gradient mobile phase of methanol:ethyl acetate(1: 9) → 

methanol:ethyl acetate (1:1) → methanol at a flow rate of 30 ml h-1, in the period of 60 minutes, 

being monitored at 215 nm. Fractions were checked by silica gel thin-layer chramatography (TLC) 

and eluted with ethyl acetate : methanol (9 : 1) after the TLC was visualized at UV 365 nm and 

sprayed with a solution of AlCl3 in ethanol.  

LC/ESI-MS (Agilent 1100 HPLC) was used for phenolic compounds identification using a 

reversed-phase BDS Hypersil C18 (3 urn particle size; 150 x 2.1 mm, i.d.) column. The solvent 

system was a mixture of water, acetonitrile (A), and formic acid (B), with the following gradient 

of A: 0 min, 20%; 10 min, 25%; 15 min, 100%. Elution was carried out with the solvent flow rate 

of 0.3 ml min-1. Mass spectra were acquired using electrospray ionization in the positive (PI) mode, 

at low (70 V) and high fragmentation voltages (250 V) for ionization mode. The mass spectra were 

recorded for the range of m/z 100-800.  

 

In Vitro Glycation of BSA 

The inhibition of protein glycation was measured by a spectrofluorometer (BIO-TEK, 

Synergy HT, USA). Before the assay, all the solutions were filters in sterile plastic-capped vials 

through 0.22 μm membrane filters to maintain sterility and strict asepsis during the entire process. 

Glycated samples were prepared by incubating 10 mg/ml of bovine serum albumin (BSA) with 

glucose (250 mM/ml) in 1 ml of phosphate buffer (PBS), pH 7.4 containing 0.02% sodium azide 

(NaN3) for 4 weeks at 37 °C in the absence or presence of CM (1.0, 1.5, 2.0, 2.5, 3.0 mg/ml) or 

aminoguanidine (AG, 1.0 mg/ml). Positive control (BSA + glucose) was maintained under similar 

conditions and all the incubations were performed in triplicates. Dimethylsulfoxide (DMSO, 4%) 

was used as a solvent for this study. At the end of the incubation period, all the samples were 

verified to be free of microbiological contamination. The appraisal of the anti-bacterial effect was 

performed using the Agar well diffusion method [19]. The unbound glucose from all of the samples 

was removed by dialysis against the phosphate buffer (200 mM, pH 7.4). Aliquots of the reaction 

mixtures were then assayed on a spectrofluorometric detector at excitation and emission 

wavelengths of 350 and 450 nm respectively [20]. The antiglycation potential of CM was 

determined by estimation of seven parameters from dialysates such as fructosamines, AGEs, 

protein carbonyls, Nε-(carboxymethyl) Lysine (CML), Thioflavin T (Th, T), binding of congo red, 

and protein thiols.  

 

Formation of Fructosamine Adduct 

The levels of fructosamine adduct was measured by nitro blue tetrazolium (NBT) assay [21]. 

For this purpose, 10 µl of glycated BSA and positive control in carbonate buffer (pH 10.3) was 

added to 90 µl of 2.5 mM NBT reagent. After 30 min of incubation at 37°C, the mixture was 
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measured at 530 nm. Pyridoxamine (Pyr) was used as a positive standard. The concentration of 

fructosamine was calculated using the following equation: 

 

Inhibitory activity (%) = [(A0− A1)/A0] × 100 

A0 is the absorbance value of the positive control at 530 nm 

 

A1 is absorbance of the glycated albumin samples coincubated with triterpenes at 530 nm. 

 

Determination of Nε-(carboxymethyl) lysine (CML) 

Nε-(carboxymethyl) lysine (CML), a major antigenic AGE structure, was determined using an 

enzyme linked immunosorbant assay ELISA kit (Cell Biolabs, San Diego, CA, USA) according 

to the manufacturer´s protocol. The absorbance of dialysates samples was compared with the 

CML-BSA standard provided in the assay kit. 

 

Determination of Protein Carbonyl Content 

The carbonyl group in glycated BSA, a marker for protein oxidative damage, was estimated 

according to the method of Levine et al. [22]. Briefly, 400 μl of 10 mM DNPH in 2.5 M HCl was 

added to 100 μL of glycated samples. After 1 h incubation in the dark, 500 μl of tricholoroacetic 

acid (TCA) to the 20% (w/v) was used for protein precipitation (5 min on ice) and then centrifuged 

at 10,000 g for 10 min at 4 °C. The protein pellet was washed with 500 μl of ethanol/ethyl acetate 

(1:1) mixture three times and resuspended in 250 μl of 6 M guanidine hydrochloride. The 

absorbance was measured at 370 nm. The carbonyl content of each sample was calculated based 

on the extinction coefficient for DNPH (ε = 22,000 M−1cm−1). The results were expressed as nmol 

carbonyl/mg protein. 

 

Thiol Group Estimation 

The free thiols in glycated albumin samples were measured according to Ellman’s assay using 

DTNB [23]. Briefly, 70 μl of glycated samples were incubated with 5 mM of 5,5'-dithiobis-(2-

nitrobenzoic acid) (DTNB) in 0.1 M PBS, pH 7.4, at 25 °C for 15 min. The absorbance of samples 

was measured at 410 nm. The free thiol concentration was measured using a standard curve carried 

out with standard BSA concentrations (0.8 to 4 mg/ml, corresponding to 19–96 nmol total thiols). 

The results were expressed as % protection to protein thiols by comparison with the positive 

control. 

 

Thioflavin T (Th, T) Assay 

Thioflavin T, a marker for the amyloid cross-β structure, was assayed according to the method of 

Tupe et al. [24]. For this purpose, glycated samples (10 μl) was added to 100 μl of 64 µM thioflavin 

T in 0.1 M PBS, pH 7.4 and incubated at 25 °C for 1 h at room temperature. The fluorescence 

intensity was measured at excitation wavelength of 435 nm and emission wavelength of 485 nm 

with correction for back ground signals without Th.T. The results were expressed as % inhibition 

measured by the formula:  
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Inhibition % = [(F0−F1)/ F0]×100 

 

F0 is the florescence of the positive control 

 

F1 is the florescence of the glycated albumin samples coincubated with MC 

 

Binding of Congo Red 

Congo red assay is a marker for the amyloid cross β structure that was also estimated by measuring 

absorbance at 530 nm [25]. Briefly, 500 μl of glycated samples were incubated with 100 μl of 

Congo red (100 μM in phosphate buffer saline (PBS) in ethanol (10 % v/v) for 20 min at 25 °C. 

Absorbance was recorded for the congo red incubated samples in addition to the congo red 

background. The date were expressed as % inhibition calculated by the following formula: 

 

Inhibition % = [(A0−A1)/A0] × 100 

    

Ao is the absorbance at 530 nm of positive control  

  

A1 is the absorbance at 530 nm of the glycated albumin samples coincubated with MC 

 

The Formation of Methylglyoxal-derived AGE 

In the investigation of an inhibitor on the middle stage of the glycation of protein, the MG trapping 

capacity was estimated according to the method described by Peng et al. [26]. For this purpose, 

0.5 ml of BSA (20 mg/ml) was incubated with 0.4 ml of 2.5 mM MG and 0.5 ml of CM (0.5-2.0 

mg/ml) or AG (1.0 mg/ml) as a positive control in 0.1 M phosphate buffer saline (PBS), pH 7.4 at 

37°C for 7 days. After incubation, the fluorescence intensity was measured at the excitation 

wavelength of 370 nm and an emission wavelength of 420 nm. The percentage inhibition of MG-

derived AGE formation was calculated as the following formula:  

 

Inhibition of MG‐derived AGEs (%) = [(( FC‐ FCB) ‐ FS‐ FSB)) / (FC‐ FCB)] X 100 FC  

 

FCB were the fluorescent intensity of control with MG and blank of control without MG.  

 

FS and FSB were the fluorescent intensity of sample with MGO and blank of sample without MG. 

 

Assay for methylglyoxal-trapping ability by high performance liquid chromatography  

(HPLC) 

MG (1 mM) was mixed with CM (1 mg/mL) or aminoguanidine (1 mg/mL) in the phosphate buffer 

solution (pH 7.4) and was incubated at 37 °C for 1 day. Quantification of MG was founded on the 

measure of its derivative compound, 2-methylquinoxaline (2-MQ) using 5-methylquinoxaline (5-

MQ) as the internal standard in HPLC. The mixture containing 5 mM 5-MQ (100 μL) and 20 mM 

o-phenylenediamine (100 μL) was added immediately after incubation into the sample vials. After 

30 min, the samples were filtered at room temperature and ready for HPLC analysis. The remaining 

MG in the samples was quantified by HPLC (Shimadzu Corp., Kyoto, Japan) equipped with a 

SPD-10A UV–vis detector, LC-10 AD pump, and LC-Solution software. AC 18 column (250×4.6 

mm i.d.; 5-μm particle size) (Inertsil ODS 3 V) was used for 2-MQ analysis. The column 

temperature was kept at room temperature. The mobile phase for the HPLC consisted of HPLC 
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grade methanol (solvent A) and water (solvent B) with a constant flow rate set at 1.3 mL/min. 

Subsequently, aliquots of 10 μL were subjected to HPLC assay. An isocratic program was 

performed with 70 % solvent A and 12-min running time per sample. The 2 and 5-MQ was 

monitored at 315 nm. Peak integrality ratios of 2-MQ to 5-MQ were used for quantitative analysis. 

Using the standard curve of 2-MQ/5-MQ was calculated the amount of MG [27]. The percentage 

of MG trapping was determined using the equation:  

 

% MG trapping = Amount of MG in control–MG in CM /Amount of MG in control X 100  

 

Cell culture 

RINm5F cells were grown under standard cell culture conditions humidified atmosphere with 5% 

CO2 at 37 ˚C) in a RPMI medium containing 100 lg/mL streptomycin, 100 U/ml penicillin, and 

10% fetal bovine serum (FBS).  

 

Assay MG on cell viability of RINm5F cells 

 RINm5F cells (3 x 104 cells/well) were seeded on 24-well plates and treated with CM (100, 250, 

and 500 µg/mL) or MG (10 µg/ml) for 24 h. Afterwards, the medium was removed, washed with 

phosphate-buffered saline (PBS), and stained with crystal violet (200 mg/ 100 ml) for 20 min in 

phosphate-buffered formaldehyde. The crystal violet bound to the cells was dissolved in 20 g/l 

sodium dodecylsulfate (SDS) solution, and its absorbance was measured at 570 nm [28]. 

 

Insulin production in methylglyoxal-treated pancreatic RINm5F cells 

RINm5F cells were treated MG (10 µM) without or with CM (100, 250, 500 µg/ml) and stained 

using an anti-insulin antibody for 1 h, followed by incubation with a secondary anti-rabbit FITC 

antibody for another 1 h. The insulin levels in RINm5F cells were then measured using flow 

cytometry. 

 

Statistical Analysis 

Data were expressed as means ± standard error of mean (S.E.M), N=3. Data were analyzed using 

one way ANOVA followed by Tukey’s HSD post hoc test. A p-value <0.05 was considered to be 

statistically significant.  

  

RESULTS 

Identification of phenolic compounds  

Data from the LC-DAD-ESI/MS were used to identify the five phenolic compounds and five 

flavonoids that were the most abundant in CM . A comparison of the UV, Rt, and MS data with 

those known standards established that apigenin, luteolin, kaempferol, apiin, rutin, caffeic acid, 

ferulic acid, chlorogenic acid, coumaroylquinic acid, and p-coumaric acid are the major phenolic 

acids and flavonoids contained in celery [29]. After, verification was carried out by spiking each 

of the standards with the extract. The identification was verified in each case. The date obtained 

are similar to those compounds from celery [30].  
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AGEs inhibition activity 

The formation of AGEs was measured by the fluorescence intensity of the BSA-glucose solutions. 

As shown in Figure 1, when concentrations of CM at 1.0, 1.5, 2.0, 2.5, 3.0 mg/ml was added to 

the BSA/glucose system, a significant reduction in the fluorescence intensity to concentration-

dependent was observed at the end of week 4 of incubation. The percentage inhibition of AGEs 

formation by CM at the concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 mg/ml was 40, 48.9, 56.2, 66, 

79.3 % respectively. However, aminoguanidine (1 mg/ml) inhibited the formation of AGEs in 

BSA/glucose system by 79.9%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The effects of CM at concentrations of 1-3.0 mg/ml on formation of fluorescent AGE at 

4 weeks of incubation. The results are expressed as mean ± SEM (n = 4). ap< 0.01 when compared to BSA and 
bp< 0.05 when compared to BSA/Glu. Aminoguanidine (AG). 

 

Effect of CM on formation of fructosamine 

Schiff’s bases are formed in early stages of glycation and transformed to Amadori products as 

fructosamine. Glycation of BSA with a monosaccharide significantly increased the level of 

fructosamine after four weeks of study. At concentrations of CM at 1.0, 1.5, 2.0, 2.5, and 3 mg/mL 

the formation of fructosamine was inhibited in BSA/Glucose by 52%, 60%, 68%, 72% and 77%, 

respectively, compared with pyridoxamine as the positive control (58.3%). Phenolic compound 

like pyridoxamine, may inhibit multiple stages of AGEs formation. This is in contrast with other 

inhibitors, such as aminoguanidine, which completely inhibited AGEs but not Amadori formation. 

Inhibition of the formation of Amadori product is shown in Figure 2. 
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Figure 2. The effects of CM at concentrations of 1-3.0 mg/ml on formation of fructosamine at 4 

weeks of incubation. The results are expressed as mean ± SEM (n = 4). ap< 0.01 when compared to BSA and bp< 

0.05 when compared to BSA/Glu. Pyridoxamine (Pyr) 

Effect of CM extract on the level of Nε‑(carboxymethyl) lysine (CML) 

The level of Nε-(carboxymethyl)lysine (Nɛ-CML) has been used as a indicator for the formation 

of non-fluorescent AGEs generated from the oxidative breakdown of Amodori product [31]. Nɛ-

CML is a glyco-oxidation product which is not fluorescent and not reactive, and is also an indicator 

of the advanced stages of the Maillard reaction. Glucose-induced glycated BSA demonstrated an 

increase in Nɛ-CML formation, when compared to non-glycated BSA. The results revealed that 

CM at a concentration of 1, 1.5, 2.0, 2.5, and 3 mg/mL significantly (p<0.05) inhibited the level 

of Nɛ-CML in glycated BSA with 26.6, 33.89, 39.85, 45.59, and 51.54% respectively after 4 weeks 

of incubation. In contrast, AG (1.0 mg/mL) inhibited Nε-CML formation about 45.1% in glucose-

glycated BSA. These results of the level of Nε-CML are presented in Fig 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The effects of CM at concentrations of 1-3.0 mg/ml on level of Nɛ-

(carboxymethyl)lysine (CML) at 4 weeks of incubation. The results are expressed as mean ± SEM (n = 4). 

ap< 0.01 when compared to BSA and bp< 0.05 when compared to BSA/Glu. Aminoguanidine (AG). 

 



Functional Foods in Health and Disease 2018; 8(3): 193-211                                                           Page 202 of 211 
 

Effect of CM on the level of protein thiol groups and protein carbonyl content  

The level of thiol groups and carbonyl content were used to determine the protein oxidation 

generated by glycation process. Date indicated that in the glucose-glycated BSA system, the level 

of thiol groups had been reduced at week 4. The level of thiol groups were significantly increased 

after the addition of CM (1–3.0 mg/mL) as well as AG (1.0 mg/mL). The results displayed in 

Figure 4 that the percentage of prevention of depleting thiol group by CM were in the rank of 64.4 

to 86.2% in glucose-glycated BSA. However, AG (1.0 mg/mL) only prevents the depletion of 

protein thiol groups in glucose-glycated BSA by 8.5% after 4 weeks of incubation. Date indicated 

that in glucose-glycated BSA system the carbonyl content significantly increased after 4 weeks of 

incubation. As shown in Figure 4, at week 4 a significant decrease in carbonyl content was 

observed in glycated BSA plus CM. Our findings demonstrated that CM at concentrations of 1, 

1.5, 2.0, 2.5, and 3 mg/mL significantly (p<0.05) inhibited the protein carbonyl formation in a 

range of 21.4 to 64.3% as compared with glycated BSA. Additionally, a significant reduction of 

AG (1 mg/mL) on protein carbonyl content of 88% for glucose glycated BSA) was observed at the 

same week. 

 

Figure 4. The effects of CM at concentrations of 1-3.0 mg/ml on carbonyl content and (A) and on 

thiol group (B), at 4 weeks. The results are expressed as mean ± SEM (n = 4). ap< 0.01 when compared to BSA 

and bp< 0.05 when compared to BSA/Glu. Aminoguanidine (AG). 

 

Effect of CM on amyloid cross β structure 

The ability of CM to reduce aggregation of glycated albumin was investigated by using two 

amyloid markers, i.e. Th. T. and congo Red (Fig 5). BSA incubated with glucose throughout four 

weeks of period increase the level of amyloid cross β structure. In glycated albumin samples (Th. 

T. and congo Red) co-incubated with CM (1.0, 1.5, 2.0, 2.5, and 3.0 mg/mL) similar results were 

exhibited demonstrated a significant attenuation to the elevated level of amyloid cross β structure 

in both assays.  
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Figure 5. The effect of CM on level of β aggregation on Congo red (A) and ThT assays (B) in 

glucose-glycated BSA system are expressed in percent (n = 4).      

Inhibition of MG-derived AGEs  

AGEs are well-known to be produced from carbohydrates like glucose and fructose leading to the 

formation of carbonyl species, such as MG, which is a crucial intermediary formed during the 

glycation of proteins by glucose. Consequently, MG should be considered a target. CM was 

evaluated for their inhibitory effects on the MG-derived AGEs formation by using BSA–MG 

antiglycation model. MC was added in various concentrations (0.5, 1.0, 1.5, 2.0, 3.0 mg/ml) for 

incubation with MG and BSA (Fig. 6). All concentrations of CM used markedly inhibited the 

formation of MG-derived AGEs in BSA with a percentage inhibition in a range of 18.6 to 58.7% 

(Fig 6). However, a significant reduction of AG (1 mg/mL) on the formation of MG-derived AGEs 

of 75.12% in BSA was observed at the same week. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Percentage of inhibition of CM at concentrations of 1.0-3.0 mg/ml on the formation of 

MGO-derived AGEs in BSA. Results are represented as mean±SEM (n=3). 
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Methylglyoxal-trapping capacity  

MG-trapping ability was carried out in order to investigate whether CM could directly scavenge 

MG. At the concentration of 1 mg/ mL, CM was significant scavenge MG with a percentage 

inhibition of 49.10%. Whereas AG had the highest potent MG-trapping ability with a percentage 

inhibition of 98.51%. However, CM was less potent than AG when compared at same 

concentration of 1 mg/mL. 

 

RINm5F cell viability and insulin secretion 

The results shown in Fig. 7A indicate that treating cells with MG at 10 µM for 24 h decreased 

RINm5F cell viability. However, CM treatment at concentrations of 100 to 500 µg/mL 12 h before 

the addition of MG at 10 µM significantly protected against MG induced cell death to recover 

insulin production. Without MG treatment, CM did not affect cell viability in RINm5F (Fig. 7A). 

However, when RINm5F cells were pretreated with CM at concentrations of 100, 250, and 500 

µg/mL 12 h before the addition of MG at 10 µM founding that CM stimulating insulin secretion 

protecting against MG-induced cell death (Fig 7B). 

 

 

Figure 7. The effects of cell viability on RINm5F cells with CM (100, 250, and 500 µg/mL), with 

or without MG (10 µM) for 24 h (A). Insulin production was measured in RINm5F cells which were co-treated 

with MG (10 µM) with or without CM (100, 250, and 500 µg/mL), for 24 h (B). Data were shown as mean ± SD (n = 

3). Different letter was shown significant difference p < 0.05).       

 

DISCUSSION 

The results indicated that the content of polyphenolic compounds in MC extract using LC-DAD-

ESI/MS was consistent with previous studies [32]. Numerous studies have been published 

evaluating the antioxidant capacity of flavonoids, which have the ability to chelate transition 

metals, quench free radicals through the donation of hydrogen atoms and electrons, or inhibit lipid 

peroxidation [33]. Glycation is a major source of oxygen species and of reactive carbonyl which 

are generated by non-oxidative and oxidative pathways [34]. The increase of free radical 

production is associated with AGE formation. Therefore, compounds with an antioxidant effect 

may be able to inhibit the formation of AGE [35]. Celery revealed the presence of bioactive 
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compounds such as apigenin [35] lutein [36, 37], kaempferol [37], and rutin [38] are associated 

with antiglycation agents for having a double bond between C-2 and C-3, an OH group at C-5 on 

the A ring [39]. Additionally, polyphenol acid as caffeic acid [40], chlorogenic acid [40], ferulic 

acid [41] and p-coumaric acid [42] demonstrates a high antiglycation effect. Previous findings on 

celery revealed that these polyphenols have a high antioxidant effect [43]. Furthermore, our 

findings suggested that these compounds, the major flavonoids and phenolic acids contained in 

celery, contribute to the anti-glycation activity of celery. 

Some polyphenolic compounds and their conjugated metabolites were quantified in the blood 

samples of adults consuming freeze dried fruits powder for 90 days. Results indicated that 

anthocyanins were present in the highest concentration (85.7 ± 9.0 nmol/L, t=2 h, day 90) [44]. 

However, some phenolic acid metabolites in circulation were persistently in lower concentrations 

(25.7 ± 5.0 μmol/L), which suggests they are extensively metabolized and can persist in circulation 

[45]. This may be the result of metabolic recycling (enteric and enterohepatic) of anthocyanins, 

which can prolong systemic exposure to various metabolites [46] or changes in the activities of 

efflux transporters to maintain equilibrium and changes in the gut microbiome or changes in 

metabolic processes which are altered with prolonged exposure to polyphenols, such as the 

upregulation of key metabolizing enzymes (phase I and II) [47]. Polyphenol degradation is carried 

out in fruits, vegetables, and in certain microorganisms by polyphenol oxidase, while being scarce 

in animal tissues and not producing degradation of polyphenolic compounds in animals blood. 

Protein glycation is a spontaneous modification of amino acids and proteins by reducing 

monosaccharides. This reaction generates AGEs which are implicated in the development of 

diabetes complications among others [34]. The formation of AGEs contains three stages: early, 

intermediate, and late. In the early stage of glycation, reducing sugars reacts with proteins, 

generating the formation of Schiff base and eventually a rearrangement producing an Amadori 

product [48]. In the intermediate stage of glycation degradation of Amadori products and 

autoxidation of glucose generated reactive dicarbonyls as methylglyoxal and 3-deoxyglucosone. 

Consequently, in the late stage of glycation AGEs are formed by degradation of Schiff bases, and 

Amadori products, dicarbonyl compounds also produce protein modification (crosslinking) and 

reactions between AGE precursors and Amadori products. 

According to our findings, CM prevented the formation of AGEs in BSA-glucose system at 

the initial stage of glycation delaying conversion of the initial glycated product to AGEs. 

Glycation-induced modifications in BSA which are related to alteration in its conformation. The 

different degree of CM activities against various glycation products can reveal their mechanism of 

action.  

Fructosamines in the BSA/glucose system are early glycation products which were inhibited 

by CM. Similar to pyridoxamine, fructosamines may inhibit multiple stages of AGEs formation. 

In contrast, other inhibitors like aminoguanidine completely inhibited AGEs but not Amadori 

albumin formation. Consequently, in the early stages of glycation, after the reaction between the 

free amino group from protein and carbonyl group from reducing sugar, the reversible Schiff’s 

bases are formed and transformed to more stable Amadori products/fructosamine. Subsequently, 

through reactive oxygen the Amadori product undergoes fragmentation to generate carbohydrate 

intermediates of short-chain which alter arginine and lysine residues to produce AGEs. As a result, 

the inhibition of fructosamine plays an important role in reducing vascular complication [49]. The 

addition of CM has inhibitory effects on the early stages of glycation. However, these results 
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demonstrated that the antiglycation actions of CM during the early stage of glycation is not entirely 

due to the inhibition of Amadori products. 

The level of Nε-(carboxymethyl)lysine (Nɛ-CML), has been used as a indicator for the 

formation of the non-fluorescent AGEs generated from oxidative breakdown of Amodori product 

[50]. Nɛ-CML is a glyco-oxidation product which is not fluorescent and not reactive, and is also 

an indicator of the advanced stages of the Maillard reaction. Glucose-induced glycated BSA 

demonstraed an increase in Nɛ-CML formation when compared to non-glycated BSA. The 

Amadori products react with amino acids to produce Nɛ-CML, which is the most abundant in 

AGEs. Addtionally, the degradation of Amadori products led to reduced Nɛ-CML, dicarbonyl 

intermediate formation, and protein oxidation. CM significantly reduced the formation of Nɛ-CML 

in glycated BSA with a decrease in the formation of AGEs. These results suggested CM inhibited 

AGEs production predominantly by inhibiting dicarbonyl generation, while only one part was 

inhibited by fructosamine adduct formation. According to our findings, compounds may be 

inhibited at multiple stages, as they may be involved in these three stages. 

Glycation is an important mechanism to generate conformational changes of proteins by 

increasing the level of amyloid cross β structure, which plays a important role in protein 

aggregation [51]. Amyloid cross-β structure is aggregated of protein which can accumulate in the 

brain, pancreas, and other organs. Significantly, the accumulation of amyloid cross-β structure 

aggregation produces pancreatic islet amyloidosis, which impairs insulin secretion and damages 

β-cell [52]. Our results demonstrate CM can reduce the formation of amyloid cross-β structure, 

thereby decreasing the risk of the development of pathologic lesions in pancreatic β-cells of type 

2 diabetic patients.  

The albumin in plasma is a major source for thiol groups being able to form intermolecular 

aggregates and disulfide bonds. Glycation produces a change in the structure of protein, leading to 

a loss of protein thiol groups, which is reflected in the generation of free radicals [53]. Fructose 

and glucose increased significantly oxidized thiol groups and protein carbonyl formation than in 

the native BSA, which formed under the glycoxidation process. Additionally, CM is able to reduce 

the content of protein carbonyl and protected thiol groups from oxidation, demonstrating strong 

reduction potential. 

MG is a reactive carbonyl species which is a crucial intermediary formed during the glycation 

of proteins by glucose. Consequently, MG should be considered a target. The reaction of lysine 

residues with MG form MG-derived lysine dimer and Nε-(1-carboxyethyl)lysine. Furthermore, 

protein glycation by MG reacts with arginine residues to produce methylglyoxal-derived 

hydroimidazolone which is the most abundant MG-derived AGE in human blood that contributes 

to several diseases, including diabetes [54]. The processes of glucose autoxidation and protein 

glycation may produce reactive carbonyl species including glyoxal and MG. Subsequently, both 

protein carbonyl derivatives and reactive carbonyl intermediaries in AGE formation are 

susceptible to oxidative reaction to amino acids as cysteine (thiol side chain). During glycoxidation 

and glycation, reactive nitrogen species and reactive oxygen species are generated which are able 

to oxidize chains of amino acid to form a carbonyl derivative and to the eliminate thiols groups 

decreases the oxidative defense of protein. In the present study, it has been demonstrated that CM 

has the ability inhibit MG-derived AGEs and the MG-trapping ability which may be used in the 

prevention and management of AGE-mediated diabetic complication. 
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Rutin contained in the CM extract forming the mono-MG adduct had the MG-trapping ability, 

which was reported by Yoon et al. [55], a study that demonstrated how neighboring hydroxyl 

groups in the rutin are an active site which forms mono or di-MG adducts for the trapping of MG. 

Several studies have demonstrated the structure-activity relationships of flavonoids in trapping 

MG, indicating that the presence of more hydroxyl groups on the phenyl ring result in a increase 

in the trapping MG [56]. Consequently, the inhibition of MG-derived AGEs could be an important 

strategy for treatment of diabetes. 

The results demonstrated total insulin levels within RINm5F cells decreased under MG 

conditions and increased in cells treated with MC. These results suggest that CM contains anti-

AGEs effects which protect pancreatic β-cells against the increased mitochondrial ROS and the 

loss of insulin in MG conditions. 

CM significant decrease in glucose-BSA system, it significantly delay these processes. The 

blockage of the carbonyls during glycation, the carbonyl group in reducing sugars in addition to 

breaking the crosslinking structure which plays an important role in the development of 

antiglycating agents [57].  

Celery is a promising antiglycation agent worthy of further studies for their in vivo 

antiglycation effect in STZ-induced diabetic mice to determine AGEs/RAGE/ROS interaction. 

The characterization of protein glycation was accomplished using electrophoresis and Tanden 

mass spectroscopy. 

 

CONCLUSION 

In this study, using different in vitro glycation models, we find that CM extract from Apium 

graveolens have inhibitory activity at multiple stages of glycation as Amadori products, AGEs-

specific fluorescence, late glycation products and protein-AGEs crosslinking. Additionally, CM 

preventing mainly carbonyl formation, inhibit the formation of MG-derived AGEs and MG-

trapping ability, oxidative protein damages and thiol oxidation which are formed under the 

glycoxidation process. Furthermore, CM protects the function and survival of pancreatic RINm5F 

cells lines under MG condition. These results demonstrate that CM is capable of suppressing the 

formation of AGEs and protein oxidation in vitro. As a result, A. graveolens is a potential 

functional food in preventing the development of diabetic complications. 

 

List of Abbreviations: AG, aminoguanidine; BSA, bovine serum albumin; CM, MeOH extract; 

CML, Nε-(carboxymethyl) lysine DMSO, dimethylsulfoxide; DNPH, guanidine hydrochloride, 

2,4-dinitrophenylhydrazine; glu, glucose; DTNB, 5,5'-dithiobis-(2-nitrobenzoic acid); LC/ESI-

MS, liquid chromatography-electrospray ionization mass, MG, methylglyoxal; NBT, cloruro de 

nitroblue tetrazolium; PBS, phosphate-buffered saline; Pyr, Pyridoxamine; RINm5F, Insulin-

secreting β-cells line; RPMI, medium; SDS, sodium dodecylsulfate; TCA, tricholoroacetic acid. 
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