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Abstract 

Chronic hyperglycemia in diabetes causes non-enzymatic protein glycation by reducing sugars, 
leading to the formation of Advanced Glycation End Products (AGEs) and the production of 
oxidative stress; which results in complications of hemodialysis, amyloidosis, diabetes, 
Parkinson’s disease and Alzheimer’s disease. Much effort has been devoted into finding 
effective antiglycation compounds from dietary plants and fruits for prevention of diabetic 
complications. Pomelo, one of the Thailand’s largest citrus fruits, contains many citrus 
polyphenols and flavonoids which have been shown to benefit human health. The purpose of the 
present study was to determine the effect of pomelo (Kao Yai) against bovine serum albumin 
(BSA) in fructose-mediated non-enzymatic glycation and oxidation-dependent damages to BSA 
induced by fructose. The results showed that the total phenolic and flavonoid contents of pomelo 
extract were 105.88 ± 0.65 mg gallic acid equivalent/g extract, and 82.41±1.48 mg catechin 
equivalent/g extract, respectively. It was found that the pomelo extract (0.25-1 mg/ml) inhibited 
overall formation of AGEs in a concentration-dependent manner. In addition, pomelo extract 
reduced the level of fructosamines which was associated with the decreased formation of AGEs. 
Notably, our data clearly demonstrated that the pomelo extract had suppressed the formation of 
amyloid cross-linked �-structures of BSA, which might lead to reducing the risk of debilitating 
degenerative diseases developing in diabetic patients. Finally, the pomelo extract also decreased 
protein carbonyl formation, indicating the prevention of protein oxidation in BSA. These results 
indicated that pomelo extract may be a useful dietary supplement for preventing AGE-mediated 
diabetic complications. 
 
Keywords: Pomelo, Glycation, Flavonoids, Polyphenol, Antiglycation

Introduction 

 Glycation is a non-enzymatic reaction 
that occurs between a carbonyl group of a sugar 
and an amino group of an amino acid, leading to 
the formation of N-substituted glycosylamine 
and water [1] and, eventually, advanced 
glycation end-products (AGEs). AGEs are a 
diverse class of modified proteins whose 
activity can result in high levels of oxidative 
stress.   

Therapeutic strategies targeting on the 
alleviation of glycation have recently been of 
much interest. Common treatments are the use 
of antiglycation compounds such as 
aminoguanidine. Aminoguanidine acts by 
blocking   carbonyl groups on reducing sugars, 
and decrease the formation of cascade 
intermediates for the formation of AGES, 
Amadori products and 3-deoxyglucosones [2]. 
Furthermore, antioxidants and chelators have 
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been shown to prevent glycoxidation and 
remove transition metals. Antiglycation 
compounds inhibiting AGE formation via 
different modes of action are available, but the 
majority of these products are still under clinical 
trials. Alternative therapies for antiglycation are 
natural products such as nutrients and medicinal 
plant extracts, which have also shown potential 
to inhibit overall AGE formation. Nutrients with 
potential antiglycation properties are ascorbic 
acid, folic acid, zinc [3], vitamin E, vitamin B6 
and vitamin B3 [4].  

 Pomelo (Citrus grandis) is a native 
citrus fruit of Southeast Asia and a cash crop of 
Thailand. Common cultivars of pomelo include 
Kao Yai, Kao Nampueng, Tubtim Siam, Tar 
Koi, Kao Tang-Gwa and Tongdee. Pomelo 
contains large amounts of flavonoids; such as 
hesperidin, neohesperidin, kaempferol, rutin, 
apigenin, quercetin, narirutin, and naringin [5]. 
This citrus fruit also provides an ample supply 
of vitamin C, folic acid, potassium and pectin 
[6]. The flavonoids from pomelo are 
pharmacologically active [7], however, studies 
regarding their antiglycation properties have not 
yet been investigated. The objective of this 
study was to evaluate the antiglycation effects 
of pomelo extract (Citrus grandis) against 
bovine serum albumin (BSA) in fructose-
mediated non-enzymatic glycation. We also 
investigated the inhibitory effect of pomelo 
extract on oxidation-dependent damages to BSA 
induced by fructose. 

Methodology

1. Preparation of pomelo extract. The 
pomelo (Kao Yai) was obtained from Nakhon 
Phatom province and harvested at mature 
stage. The pomelo pulp was collected by 
manual peeling from the peel and then 
homogenized using a commercial blender. The 
pulped material was lyophilized for 
approximately 96 hours. The dried pomelo 
pulp was then exhaustedly extracted in a two 

step aqueous methanol process at 4 �C for 6 
consecutive days. The supernatant was 
evaporated in a rotary evaporator at 60�C for 
approximately 5 hours. The dried extract was 
stored in the dark under vacuum desiccation, 
at room temperature. Thereafter, the dried 
extract was purified to remove sugars and 
organic acids using a Sep-Pak C18 Cartridge 
[8]. 

2. Total phenolic content. The total phenolic 
content in pomelo extract was determined with 
the Folin-Ciocalteu’s reagent. A sample of 
purified extract (50 �l) was mixed with 1.5 ml 
of Folin-Ciocalteu’s reagent (previously 
diluted 10- fold with distilled water), followed 
by 50 �L of aqueous Na2CO3 (60 g/l). The 
absorbance was then measured at 725 nm after 
incubation for 90 min. The results were 
expressed as mg gallic acid equivalent/g dry 
weight of extract. [9] 

3. Total flavonoid content. The total 
flavonoid was determined using the aluminum 
chloride colorimetric assay. Amounts of total 
flavonoid were quantified as mg catechin 
equivalents (CE)/g dry weight. [9] 

4. Preparation of AGEs. The induction of 
advanced glycation end-products was 
achieved by the incubation of BSA with 0.5 M 
fructose. A solution of BSA (10 mg/ml) and 
1.1 M aqueous fructose were prepared in 0.1 
M phosphate-buffered saline (PBS, pH 7.4) 
and the purified pomelo extract (0.25-1 
mg/ml) in DMSO 10 % (v/v). For comparison, 
instead of the addition of purified pomelo 
extract, aminoguanidine at concentrations of 
0.5 and 1 mg/ml were used as a positive 
control. For the negative control, DMSO 4% 
(v/v) was used instead of adding 
aminoguanidine or purified pomelo extract. 
The glycated BSA was incubated at 37 �C for 
7, 14, 21, and 28 days. After each incubation 
period, the glycated BSA and blank BSA 
solutions were assessed for the formation of 
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advanced glycation end-products formation 
using spectrofluorometry. The fluorescence 
intensity was recorded at an excitation 
wavelength of 355 nm and emission 
wavelength of 460 nm  [10].  
 
5. Carbonyl content estimation. For the 
assessment of the extent of protein oxidation, 
the protein carbonyl content was measured 
[11]. To quantify the protein carbonyl content, 
the sample was reacted with 2, 4-
dinitrophenylhydrazine (DNPH) and the 
absorbance was measured at 370 nm. The 
protein carbonyl group concentration was 
calculated by the absorption coefficient (� = 
22,000 M-1cm-1). The results were expressed 
as nmol carbonyl/mg protein.  
 
6. Determination of fructosamine. The 
measurement of fructosamine was carried out 
by a nitroblue tetrazolium (NBT) colorimetric 
assay [12]. The absorbance was measured at 
530 nm. The concentration of fructosamine 
was determined using the different absorbance 
at the time point of 10 and 15 min. The level 
of fructosamine was calculated by using 1-
deoxy-1-morpholino-fructose (1-DMF) as a 
standard.

7. Identification of �-amyloid structures. 
The formation of amyloid fibrils resulting 
from protein crosslinks during glycation was 
quantified using the Thioflavin T dye (ThT 
assay) [3]. Thioflavin T dye is a benzothiazole 
dye that exhibits enhanced fluorescence upon 
binding to amyloid fibrils. The fluorescence 
intensity was recorded at excitation 
wavelength 435 nm and emission wavelength 
485 nm. The ThT fluorescence emission gives 
a direct quantitative assessment of the �-
amyloid structures contents. 

Statistical analysis. Data was expressed as 
mean � S.E.M for all experimental 
measurements, based on triplicate results 
(n=3). Significant differences were determined 
using the one way analysis of variance 

(ANOVA) followed by a post-hoc test with 
the Fisher Least Significance Difference test. 
Significant differences were considered at 
p<0.05. 

Results

The total phenolic and flavonoid content of the 
pomelo extract was found to be 105.88±0.65 
mg gallic acid equivalent/g extract and 
82.41±1.48 mg catechin equivalent/g extract, 
respectively. Incubation of BSA with high 
fructose for 7, 14, 21, and 28 days, resulted in 
a progressive accumulation of AGE formation 
over time. The results showed that the pomelo 
extract exerted inhibitory effects against the 
formation of AGEs in a concentration 
dependent manner (Figure 1). After 28 days of 
incubation, the pomelo extract (0.75 and 1.0 
mg/ml) significantly inhibited the AGEs 
formation (85.75±0.91% and 87.6±0.48% 
inhibition, respectively) compared to 
aminoguanidine (0.5 mg/ml) which also 
promotes AGE inhibition (82±1.20%). These 
results indicated that pomelo extract was able 
to prevent fructose mediated protein 
modification. 

Figure 1. The effects of pomelo extract (PE) 
and aminoguanidine (AG) on AGE formation.  
Data are expressed as mean±S.E.M, n=3. *P < 
0.05 compared to aminoguanidine. 
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The inhibitory effects of pomelo extract on the 
formation of fructosamine products after 14 
and 28 days are shown in Table 1. The pomelo 
extract exhibited over 20% inhibitory effects 
when compared to the BSA+fructose. At the 
same concentration (0.5 mg/ml), pomelo 
extracts exerted higher inhibition than that of 
AG. In addition, the pomelo extract also 
showed inhibitory effects against the 
formation of fructosamine in a concentration 
dependent manner. The level of fructosamine 
suppression by the pomelo extract, suggest the 
ability of the extract to inhibit the formation of 
Amadori products. 
 
 Table 1. Fructosamine levels in the presence 
of Aminoguanidine (AG) and pomelo extract 
(PE). Data are expressed as mean ± S.E.M, n 
=3. * P < 0.01 compared to AG and #P < 0.01  
compared to BSA+fructose.   

 
 
The level of � aggregation was determined at 
14 and 28 days (Figure 2).  All concentrations 
of the pomelo extract showed significant 
decreases in the fluorescent intensity when 
compared to BSA + fructose, suggesting that 
the pomelo extract was able to marginally 

reduce the level �-amyloid structures. 
Moreover, 0.5 mg/ml of pomelo extract also 
showed a 15% higher inhibitory effect of �-
aggregation than that of 0.5 mg/ml of AG.

Figure 2. The effect of pomelo extract on the 
formation of �-amyloid structure. Data are 
expressed as mean ± S.E.M, n =3. *P < 0.01 
compared to AG and #P < 0.01 compared to 
BSA+fructose. 

The formation of carbonyl content, 
representing the formation of reactive 
carbonyl intermediates, was determined by the 
level of carbonyl content at days 14 and 28 
(Table 2). Each concentration of the pomelo 
extract exhibited over 45% inhibitory effects 
compared to the BSA+fructose. The results
showed that the pomelo extract significantly 
reduced the formation of carbonyl content 
compared to those of BSA+fructose, and AG.  

Discussion 

It has been reported that the pulp of pomelo 
contained flavonoids such as hesperidin, 
naringin, narirutin, neohesperidin and 
kaempferol [13]. These flavonoids have 
shown antioxidant activity which is directly 
related to their ability to inhibit radical 
formation, anti-lipoperoxidation [14]. Citrus 
flavonoids have also shown antiglycation 
properties [15,16]. For instance, naringin has 
shown high trapping efficacy of 
methylglyoxal, one an AGE precursor, which 

Fructosamine(mg/ml)

Day 14 Day 28 

BSA + Fructose 2.19 ± 0.06 2.72 ± 0.02 

BSA + Fructose 
+ Ag 0.5 mg/ml 

1.88 ± 0.16# 2.58 ± 0.09# 

BSA + Fructose 
+ PE 1 mg/ml 

1.44 ± 0.03*# 2.25 ± 0.01*# 

BSA + Fructose 
+ PE 0.75 mg/ml 

1.57 ± 0.01*# 2.39 ± 0.18*# 

BSA + Fructose 
+ PE 0.5 mg/ml 

1.70 ± 0.03*# 2.46 ± 0.02*# 

BSA + Fructose 
+ PE 0.25 mg/ml 

1.80 ± 0.04*# 2.63 ± 0.02*# 
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can suppress or inhibit the overall formation of 
AGEs [15]. Furthermore, hesperidin showed 
the ability to decrease the formation of 
fructosamine resulting in inhibition of AGE 
formation [16].

Table 2. Carbonyl content levels in the 
presence of AG and pomelo extract (PE). 
Data are expressed as mean ± S.E.M, n =3. *P 
< 0.01 compared to AG and #P < 0.01 
compared to BSA+fructose.   

 

The formation of AGEs is a diverse class of 
protein modifications formed by various 
reactions. Amadori product is an early 
glycation product which undergoes complex 
cascades that cause proteins to be oxidatively 
attacked. This reaction leads to the formation 
of reactive carbonyl intermediaries, which in 
turn cause the development of cross-linked 
proteins [17]. The synthesis of cross-linked 
proteins or cross �-amyloid structures results 
in insoluble �-amyloid, �-sheet fibrils and 
high oxidative stress [17]. Glycation is a key 
mechanism to induce the conformational 
changes of protein by increasing the level of 
amyloid cross �-structure, which plays a 

fundamental role in the protein aggregation. 
Studies reveal that the deposition of protein 
aggregation has been associated with the 
progression of several debilitating 
degenerative diseases including hemodialysis 
amyloidosis, diabetes, Parkinson’s disease and 
Alzheimer’s disease [18]. 

In general, glycation and AGE-induced 
toxicity are known to be associated with 
increased free radical production [19]. 
Especially, the process of oxidative 
degradation of Amadori intermediates can 
generate free radical, causing oxidation of 
protein damage [20]. Major molecular 
modifications of protein structural changes can 
be investigated by protein carbonyl 
formations. The marked increase in protein 
carbonyl formation in BSA was observed 
when it was incubated with fructose. Our 
findings showed that the pomelo extract 
significantly suppressed the protein carbonyl 
formation during AGEs induction by fructose. 
There is considerable evidence to support that 
the trapping free radicals and reactive 
carbonyl group formation by antioxidant 
compounds is a strategy for the inhibition of 
protein glycation [17]. It can be assumed that 
the mechanism of pomelo extract for lowering 
protein glycation may be related to their 
antioxidant activity.  

Conclusion 

The results obtain from this study indicate that 
the pomelo extract exhibits antiglycative 
activity. This effect correlates to reduce the 
level of fructosamine, �-amyloid structures, 
and protein oxidation. These findings may be 
applied for developing a nutraceutical product 
in order to prevent AGE-mediated diabetic 
complications.  
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