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中 文 摘 要 ： 探索與篩選更具潛力之高度醣化終產物 (advanced glycation
endproducts, AGEs)抑制劑 (anti-AGEs compounds)，以減緩醣化
壓力所衍生的負面效應，為防治慢性疾病的熱門策略。理想的抗醣
化因子應符合容易取得、吸收與代謝及無毒性副作用之特點，因此
取材自天然的可食性作物即具有開發為糖尿病併發症輔助劑之潛力
。薏仁為本土化的農產品，有關其保健機能性之研究已有相當的理
論基礎。薏仁籽實可分成四部分，由外到內分別為殼 (hull)、種皮
(testa)、麩皮 (bran)及精白薏仁 (polished adlay)。薏苡殼佔薏
苡籽實約36%的重量，過去多以廢棄物方式處理，本計畫之目的乃嘗
試從本土農產品中，發掘其抗醣化的新穎性功效。利用先前建立的
抗醣化篩選平台，我們由數十種市售農產品廢棄部位中篩選出薏苡
具優異之anti-AGEs潛力；再者，根據計畫審查委員之建議，本計畫
首先利用體外醣化篩選平台，快速測試薏苡不同部位及其次區分物
對醣化前、中、後期之抑制效應與其對醣化過程衍生自由基的影響
，找出薏苡中最具活性之部位，並利用溶劑萃取分離技術搭配液相
層析串聯式質譜儀 (UPLC-MSMS)，分析與鑑定薏苡中具抗糖化之活
性成分。結果顯示，薏苡種皮乙醇萃取物之正丁醇區分物的次區分
物 C 與 D (ATE-Bu-C, ATE-Bu-D)有最高的抗糖化活性。上述次區
分物經LC-MSMS可鑑定出槲皮素 (quercetin)、兒茶素
(catechin)及綠原酸 (chologenic acid)有最高的抗蛋白質糖化效
果。本研究所獲致之成果，將有助於確效薏苡開發為醣化抑制劑之
潛力，同時亦能釐清薏苡殼中之機能性成分保護生物體免於糖毒素
所引發之負面效應與分子機轉。此不僅具學術價值，在未來亦能作
為減緩老化或糖尿病患相關併發症之健康食品參考以增進人體健康
。

中文關鍵詞： 薏仁、高度醣化終產物、抗醣化作用、甲基乙二醛

英 文 摘 要 ： There is considerable interest in the discovery and
investigation of more potent anti-AGEs compounds to prevent
and treat diseases involving glycative stress.  Important
attributes of an ideal inhibitor involve ease of
obtainment, absorption and excretion, zero toxicity, and
the absence of serious side effects.  Naturally occurring
dietary plants should therefore be the ideal candidates for
diabetes supplementation.  Adlay (Coix lacryma-jobi L. var.
ma-yuen Stapf) is a Taiwanese farming product and
considered as a health food supplement with many biological
functions.  The adlay seed consists of four parts including
the hull, testa, bran, and polished adlay.  The present
research plan aimed to screen a series of Taiwanese farming
products, such as adlay hull, to evaluate their effects on
protein glycation and subsequent AGEs formation in vitro
and in vivo, with a hope to find promising candidates for
AGEs inhibitors for further investigation.  This study was
to monitor the protective adlay against glycation mediated
oxidative damage on the different stage (early, middle and
late) of protein glycation will be studied.  Based on in



vitro BSA-Glucose assay, which simulates the in vivo AGE
formation, ethanolic extract of adlay testa demonstrated a
high inhibitory effect against AGE formation, especially in
butanol subfractions C and D (ATE-Bu-C, ATE-Bu-D).  Amongst
all the compounds isolated from these subfractions up to
date, quercetin, catechin, chlorogenic acid demonstrated
high capabilities to inhibit AGE formation.  As adlay in a
similar fashion as aminoguanidine, the first AGEs inhibitor
explored in clinical trials, it shows great potential to be
developed as an agent to alleviate aging and diabetic
complications.

英文關鍵詞： Adlay, Advanced glycation endproducts, Anti-glycation,
methylglyoxal
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中文摘要 

探索與篩選更具潛力之高度醣化終產物 (advanced glycation endproducts, AGEs)抑制

劑 (anti-AGEs compounds)，以減緩醣化壓力所衍生的負面效應，為防治慢性疾病的

熱門策略。理想的抗醣化因子應符合容易取得、吸收與代謝及無毒性副作用之特點，

因此取材自天然的可食性作物即具有開發為糖尿病併發症輔助劑之潛力。薏仁為本土

化的農產品，有關其保健機能性之研究已有相當的理論基礎。薏仁籽實可分成四部

分，由外到內分別為殼 (hull)、種皮 (testa)、麩皮 (bran)及精白薏仁 (polished adlay)。

薏苡殼佔薏苡籽實約 36%的重量，過去多以廢棄物方式處理，本計畫之目的乃嘗試從

本土農產品中，發掘其抗醣化的新穎性功效。利用先前建立的抗醣化篩選平台，我們

由數十種市售農產品廢棄部位中篩選出薏苡具優異之 anti-AGEs 潛力；再者，根據計

畫審查委員之建議，本計畫首先利用體外醣化篩選平台，快速測試薏苡不同部位及其

次區分物對醣化前、中、後期之抑制效應與其對醣化過程衍生自由基的影響，找出薏

苡中最具活性之部位，並利用溶劑萃取分離技術搭配液相層析串聯式質譜儀 

(UPLC-MSMS)，分析與鑑定薏苡中具抗糖化之活性成分。結果顯示，薏苡種皮乙醇

萃取物之正丁醇區分物的次區分物 C 與 D (ATE-Bu-C, ATE-Bu-D)有最高的抗糖化活

性。上述次區分物經LC-MSMS 可鑑定出槲皮素 (quercetin)、兒茶素 (catechin)及綠

原酸 (chologenic acid)有最高的抗蛋白質糖化效果。本研究所獲致之成果，將有助

於確效薏苡開發為醣化抑制劑之潛力，同時亦能釐清薏苡殼中之機能性成分保護生物

體免於糖毒素所引發之負面效應與分子機轉。此不僅具學術價值，在未來亦能作為減

緩老化或糖尿病患相關併發症之健康食品參考以增進人體健康。 

關鍵字：薏仁、薏苡殼、高度醣化終產物、抗醣化作用、甲基乙二醛



Abstract  

There is considerable interest in the discovery and investigation of more potent anti-AGEs 

compounds to prevent and treat diseases involving glycative stress.  Important attributes 

of an ideal inhibitor involve ease of obtainment, absorption and excretion, zero toxicity, 

and the absence of serious side effects.  Naturally occurring dietary plants should 

therefore be the ideal candidates for diabetes supplementation.  Adlay (Coix lacryma-jobi 

L. var. ma-yuen Stapf) is a Taiwanese farming product and considered as a health food 

supplement with many biological functions.  The adlay seed consists of four parts 

including the hull, testa, bran, and polished adlay.  The present research plan aimed to 

screen a series of Taiwanese farming products, such as adlay hull, to evaluate their effects 

on protein glycation and subsequent AGEs formation in vitro and in vivo, with a hope to 

find promising candidates for AGEs inhibitors for further investigation.  This study was to 

monitor the protective adlay against glycation mediated oxidative damage on the different 

stage (early, middle and late) of protein glycation will be studied.  Based on in vitro 

BSA-Glucose assay, which simulates the in vivo AGE formation, ethanolic extract of adlay 

testa demonstrated a high inhibitory effect against AGE formation, especially in butanol 

subfractions C and D (ATE-Bu-C, ATE-Bu-D).  Amongst all the compounds isolated from 

these subfractions up to date, quercetin, catechin, chlorogenic acid demonstrated high 

capabilities to inhibit AGE formation.  As adlay in a similar fashion as aminoguanidine, 

the first AGEs inhibitor explored in clinical trials, it shows great potential to be developed 

as an agent to alleviate aging and diabetic complications. 

 

Keywords ： Adlay, Adlay hull, Advanced glycation endproducts, Anti-glycation, 

methylglyoxal



INTRODUCTION 

Advanced glycation end products (AGEs) are a heterogeneous group of reactive, 

crosslinking compounds that are produced from non-enzymatic glycation. The reaction 

occurs between reducing sugars and the amino groups of proteins, nucleic acid and 

phospholipids. This type of non-enzymatic glycation is referred as Maillard reaction. It 

will form Schiff bases followed by Amadori rearrangements and the reaction is reversible 

up to the formation of Amadori products. Amadori products are the initial products of 

AGE formation and they can further undergo glycoxidative modifications. The chemical 

details of the intermediate reactions are not fully understood yet. The end result of this 

complex series of reaction is the formation of advanced glycation end products. In addition 

to the above pathway, glucose and Schiff base can also undergo auto-oxidation to form 

reactive 1,2-dicarbonyl compounds such as methylglyoxal (MGO), 1-deoxyglucosone 

(1-DG) and 3-deoxyglucosone (3-DG). Amadori products also undergo glycoxidation to 

yield glyoxal and glucosone (14). Formation of AGE is relatively slow in normal 

physiological condition but greatly accelerated in hyperglycemia and thus it is important in 

the pathogenesis of diabetic complications. 

AGE adversely affect our body by several mechanisms. The first mechanism is the 

modification of intracellular proteins including, most importantly, proteins involved in the 

regulation of gene transcription. The second mechanism is that these AGE precursors can 

diffuse out of the cell and modify extracellular matrix molecules nearby. This modification 

changes signaling between the matrix and the cell and causes cellular dysfunction. Finally, 

the third mechanism is that these AGE precursors can diffuse out of the cell and modify 

circulating proteins in the blood such as albumin. These modified circulating proteins can 

then bind to AGE receptors and activate different signaling pathways, such as causing the 

production of inflammatory cytokines and growth factors (1). Glyoxalase I system is the 

most well known in vivo defense system against AGEs. Glyoxalase I system exists in the 

cytosol of cells and it catalyzes the conversion of RCS into the corresponding 

alpha-hydroxyacids. This system is critical in reducing the detrimental effects caused by 

RCS such as MGO, GO and 3-DG (11). Other researchers also found intracellular enzymes 



that have the ability to deglycate protein-bound Maillard reactions. These deglycating 

enzymes include fructosamine-3-kinase (16) and NADPH-dependent 2-oxoaldehyde 

reductase (5). 

There are at several known mechanisms of AGE inhibition (figure 1). First of all, AGE 

formation can be reduced by stringent control of blood glucose. AGE formation can be 

inhibited by carbonyl trapping agents which reduce the harmful effects of RCS. Metal ion 

chelators can also reduce glycoxidative stress due to suppressed reaction rate and finally 

AGE production can be reduced by cross-link breakers (13). Aminoguanidine, a prototype 

of AGE inhibitor, is often used as a positive control in AGE inhibition studies. It is an 

example of a nucleophilic agent which traps reactive carbonyl intermediates like MGO, 

GO and 3-DG by forming nontoxic stable adducts (12). On the other hand, phenolic 

antioxidants demonstrate antiglycative properties mostly by scavenging free radicals 

and/or chelating metal ion. Theoretically, if an inhibitor possesses more than one of the 

mechanisms mentioned above, it would make an ideal AGE inhibitor to mitigate diabetic 

complications and other chronic diseases (13). Thus, the experimental objective was to 

screen for antiglycative agents from fractions and subfractions of adlay and lotus leaf 

using in vitro experiments. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1 Potential mechanisms behind AGE inhibition (Coughlan et al., 2007) 



MATERIALS	AND	METHODS	

Preparation of Adlay Extracts 

The adlay utilized in this experiment was purchased from a local farmer in Taichung and the 

variety of adlay was Taichung Shuenyu no. 4 (TCS 4) of Coix lachrymal-jobi L. var. ma-yuen 

Stapf. 12 kg of adlay testa was extracted with 120L of ethanol for three times at room temperature 

for 24 hours and filtered through #1 filter paper (Whatman Inc., OR, USA). The filtrate was then 

concentrated to dryness to yield approximately 538g of dried ethanolic extract of adlay testa 

(Figure 2 and 3). The dried extracts were stored in -20oC until usage. ATE was then suspended 

in 10% methanol solution and partitioned with hexane to obtain the lipid-rich ATE-Hex fraction 

yielding approximately 144 g. The defatted ATE fraction was further partitioned with ethyl 

acetate to obtain around 160g of ATE-Ea. The remaining was again partitioned with butanol to 

obtain about 50g of ATE-Bu fraction. Finally, the residual extract was the ATE-H2O fraction. 

Fractions of ATE are further partitioned to obtain subfractions. ATE-Ea was dissolved in EA and 

subjected to column chromatography on silica gel to yield ATE-Ea subfractions A to H. The 

gradient used for elution is a Hexane/Ea/MeOH gradient with different percent compositions. 

Each subfraction was collected and then concentrated to dryness in vacuum condition at 60oC. 

Subfractions were stored in -20oC until usage. On the other hand, ATE-Bu was first dissolved in 

methanol and subjected to column chromatography on Diaion HP-20 resin to yield ATE-Bu 

subfractions A to F. The gradient used for elution is H2O/MeOH gradient with different percent 

compositions. Each subfraction was concentrated to dryness in vacuum at 60oC and stored in 

-20oC until usage. 

  



BSA‐glucose	Assay	

This	heat‐induced	BSA‐glucose	assay	was	devised	by	Matsuura	et al. in	2002	to	screen	

for	effective	AGE	inhibitors	from	natural	product	extract.	 50	 mL	 of	 50	 mM	 phosphate	

buffer	(pH	7.4)	and	200	mM	glucose	was	mixed	together	as	stock	solution.	 500	 μl of 

reaction	mixture	was	 prepared	 containing	 400	μg BSA and 200 mM	 glucose	with	 or	

without	10	μl of plant extracts in 50 mM	phosphate	buffer,	pH	7.4	in	an	eppendoft.	The	

reaction	 mixture	 was	 heated	 at	 60oC	 on	 a	 heat	 block	 for	 48	 hours.	 The	 sample	 of	

blank,	 unreacting	 solution	 without	 inhibitors	 was	 kept	 at	 4oC	 until	 measurement.	

Samples	 were	 cooled	 to room temperature.	 After cooling, aliquots of 100μl were 

transferred to new	1.5	ml	plastic	 tubes,	 and	10	μl of 100% (w/v 1:1)	TCA	was	added	

to	each	tube.	Tubes	were	centrifuged	for	15000	rpm	at	4oC	for	4	min.	The	supernatant	

containing	 glucose,	 inhibitor	 and	 the	 interfering	 substances	 was	 removed.	 The	

precipitate	 of	 AGE‐BSA	was	 dissolved	with	 800	 μl warm PBS to serve for screening.	

Fluorescence	 of	samples	was	measured	at	ex.	370	nm	and	em.	440	nm	and	inhibitory	

activity	was	 calculated	as	percentage	using	the	following	formula	(2):	

 

I % = [1-(Fluorescence BSA+glucose+inhibitor –Fluorescence BSA+inhibitor) / 

(Fluorescence BSA+glucose)-( Fluorescence BSA)] x 100% 

 

Hemoglobin‐δ‐gluconolactone	assay	

Samples were prepared by mixing 200 μL of fresh human blood with 50 μL of PBS (pH 

7.4) as the blank or 45 μL δ-Glu stock (50 mM) and 5 μL of PBS (pH 7.4) as the δ-Glu 

control. Test samples each contained 200 μL of blood plus 45 μL of δ-Glu stock and 5 μL 



of indicated natural product extract in a final concentration of 400 μM for pure 

compounds and 1 mg/mL for subfractions. AG was used at a final concentration of 10 

mM as a positive control. Samples were incubated at 37oC for 16 hours and a dedicated 

ion-exchange HPLC system (BIORAD DIASTAT) was used to measure the HbA1C values 

of samples. Blood samples were analyzed in triplicates. The % inhibition was calculated 

as followed: 

 

I % of HbA1C formation = [(HbA1C of δ-Glu control - HbA1C of the test group)/ 

( HbA1C of δ-Glu control- HbA1C of the blank)] x 100% 

 

BSA‐MGO	assay	

BSA (50 mg/mL) was incubated with 100 mM MGO under sterile conditions in 0.1 M 

phosphate buffer (pH 7.4) at 37oC for 9 days. Sample fractions, subfractions and pure 

compounds were added to the model system in the final concentration of 125 μg/mL, 250 

μg/mL for subfractions and 1 mM for pure compounds. Samples were kept in 4oC until 

measurement. After cooling, aliquots of 100 μl were transferred to new 1.5 ml plastic tubes, 

and 10 μl of 100% (w/v 1:1) TCA was added to each tube. Tubes were centrifuged for 

15000 rpm at 4oC for 4 min. The supernatant containing MGO, inhibitor and the 

interfering substances was removed. The precipitate of MGO-BSA was dissolved with 800 μl 

warm PBS to serve for screening. Fluorescence of samples was measured at the excitation and 

emission maxima of 330 and 410 nm, respectively, versus an unincubated blank containing 

the protein, MGO, and inhibitors. The percent inhibition was calculated as followed: 

 

 



I % = [1-(Fluorescence BSA+MGO+inhibitor – Fluorescence BSA+inhibitor) / 

(Fluorescence BSA+MGO)-( Fluorescence BSA)] x 100% 

 

Evaluation	of	direct	MGO	trapping	capacity	

Methyglyoxal (MGO, 40% aqueous solution), PD (derivatization agent) and 5-DG 

(internal standard) were prepared in phosphate buffer saline, pH 7.4. Subfractions of 

adlay testa and lotus leaf were dissolved in DMSO and diluted with PBS.  The final 

concentration of MGO, subfractions and pure compounds was 1.45 mM, 312.5 μg/mL/625 

μg/mL and 2.5 mM, respectively. After mixing, samples were incubated in a water bath at 

37oC for 1 hour at 40 rpm. Then, 1mL of derivatization agent and internal standard were 

added and vortexed. The mixtures were allowed to react for another hour in a water bath at 

37oC. Samples were centrifuge at 1,400 rpm for 5 minutes and the supernatant were 

removed for HPLC analysis. HPLC analysis was performed to quantify residual MGO 

based on the amount of derivatized product, 2-methylquinoxaline (2-MQ), formed in 

different samples. Gradient elution was performed with solvent A and solvent B at a 

constant flow rate of 1 mL/min and the total running time is 10 minutes. The UV-vis 

wavelength was set at emission of 313 nm. Unreacted MGO was calculated by dividing 

the peak area of 2-MQ by the peak area of 5-MQ. MGO decrease percentage was 

quantified using the following formula: 

 

MGO decrease percentage = [(amounts of MGO in control – amounts of MGO in sample 

with tested fraction or compound)/amounts of MGO in control]] x 100%. 

 



Quantification	of	flavonoids	in	the	selected	subfractions	via	HPLC	analysis	

HPLC analysis was carried out to confirm the presence of certain flavonoids and also to 

quantify the contents within certain subfractions. Pure flavonoids were purchased from 

Sigma-Aldrich as standard compounds. etention time and peak area of subfractions were 

compared with the retention time and peak area of the standard compounds for 

quantification. adient elution was performed with solvent A and solvent B at a constant 

flow rate of 1mL/min and the total running time is 1 hour. he UV-vis wavelength was set at 

emission of 280 nm. 

 

Statistics	

All experiments were performed in triplicates and values were expressed as average ± SD. 

tatistical analysis was done via one way analysis of variance (ANOVA) and multiple 

comparisons were performed utilizing Duncan’s multiple range test. All tatistical analysis 

was calculated by SPSS 12.0 computer software.  < 0.05 was considered statistically 

significant. 

 



RESULTS	AND	DISCUSSION	

Screening of adlay based on BSA-glucose assay 

In this assay, glucose was used as the glycating agent and BSA was to provide the amine 

source, which was the target of glycating agents. The principle of this assay was to see if 

food samples would be able to inhibit BSA from glycation based on fluorescence. Like 

mentioned earlier, AGEs are a heterogeneous group of compounds. Some AGEs are 

fluorescent and some are non-fluorescent and it was impossible for one assay to detect all 

AGEs produced. However, this assay was sufficiently indicative to be used as a 

screening tool for AGE formation inhibitors. Albumin was used as the protein because it is 

the most abundant protein in serum (18). Previous human experiments also pointed out that 

glycated serum albumins are two to three times higher in diabetic patients when compared 

with normal people (19). The amount of AGEs deposited in skin collagen is positively 

correlated with microvascular complications (17). Adlay was screened in the following 

order via BSA-glucose assay: ethanol extract of different parts of adlay (AHE, ATE, ABE, 

PAE), four fractions of the selected part(s) (H2O, Bu, Ea, and hex), subfraction of the 

selected fraction(s) (subfractions were named in alphabetical order) and finally pure 

compounds identified from the selected subfraction(s). Amongst the fractions and 

subfractions of adlay seeds, subfractions of adlay testa butanol fraction demonstrated the 

best antiglycative activities. Inhibitory percentages of ATE-Bu subfractions A to F against 

protein glycation were as followed: -7%, 0%, 88%, 85%, 56%, and 53%, respectively in 

250 μg/mL (Fgure 4). 

Five pure compounds have previously been identified in ATE-Bu-C and ATE-Bu-D and 

they were syringaldehyde, ferulic acid, chlorogenic acid, 6-methoxy-2-benzoxazolinone 

and caffeic acid based on previous studies performed by senior colleagues. The 



corresponding inhibitory percentages of these pure compounds were 8%, 26%, 101%, 8% 

and 101% in the concentration of 1 mM as shown in figure 6. Obviously, chlorogenic acid 

and caffeic acid were the most effective and therefore were the selected inhibitors based on 

BSA-glucose assay. The equivalent antiglycative activities in chlorogenic acid and caffeic 

acid did not come in as a surprise since chlorogenic acid is a caffeic acid linked to a quinic 

acid with an ester linkage. 

 

 

The	 selected	 effective	 inhibitors	 based	 on	 results	 obtained	 from	 BSA‐glucose	

assay	

Based on the results obtained from BSA-glucose assay, the following effective 

glycation inhibitors were selected from adlay and lotus leaf: ATE-Bu-C, ATE-Bu-D, 

LLMB 4, LLMB 5, LLMB 6, quercetin, catechin, chlorogenic acid and caffeic acid. The 

effective subfractions exhibited an inhibitory percentage of greater than 85% at 250 μg/mL 

while the effective pure compounds exhibited an inhibitory percentage of greater than 90% 

at 1 mM. Much literature pointed out that purified antioxidative phenolic compounds 

including flavones, flavanones, flavonols, isoflavones, proanthocyanidins and other 

phenolics demonstrate strong antiglycation activities in this bioassay (9). Much literature 

also drew attention to the positive correlation between free radical scavenging capacity 

and antiglycation activity which may be contributed by the interruption of the autoxidation 

pathway of AGE formation (9) (21) (19) (20) (2).  Glycation of proteins is accompanied 

with the production of ROS and ROS are also known to stimulate AGE production by 

auto-oxidation (18). Therefore, free radical scavengers interrupt this viscous cycle of ROS 

production. 



Polyphenolic flavonoids have a diphenylpropane (C6C3C6) skeleton and are 

consisted of flavanols, flavanones, anthocyanidins, flavones, and flavonols (15). Quercetin 

and catechin have an identical number of hydroxyl groups in the same positions but 

quercetin contains an additional 2,3-double bond in the C ring and a 4-oxo structure. The 

unsaturation in the C-ring allows electron delocalization across the molecule which 

stabilizes radicals (15). Quercetin demonstrated a slightly better antiglycative effect under 

the BSA-glucose assay considering that it is a slightly better radical scavenger compared to 

catechin. Effective  radical scavengers require the 3-OH group attached to the 2,3-double 

bond and adjacent to the 4-carbonyl in the C-ring and catechin lacks the 2,3-double bound 

adjacent to a 4-carbonyl in the C-ring (15). Thus, it also makes sense that glycosylation of 

flavonoids, which included quercetin-3-O-glucoside, quercetin-3-O-glucuronide and 

quercetin-3-O-galactoside in our study, showed weaker antiglycative capacities because the 

3-hydroxyl group in their C rings were blocked (15). On the other hand, the antioxidant 

capacity of phenolic acids such as caffeic acid and chlorogenic acid depends on the 

number of hydroxyl groups in the molecule that would be strengthened by steric hindrance 

(15). 

Matsuda et al. suggested some of the structural requirements for flavonoids to exhibit 

antiglycation capacity. For compounds to exhibit strong antiglycative capacity, they should 

have hydroxyl groups on the 3’-, 4’-, 5- and 7-positions and as hydroxyl groups increase in 

number, so does their anitglycative capacity. Flavones have better antiglycative activities 

than flavonols, flavanones, and isoflavones. Finally, they suggested that glucosylation and 

methylation on the 4’-hydroxyl group tends to decrease antiglycative capacity and 

methylation and glycosylation on the 3-hydroxyl group of flavonols tends to decrease the 

antiglycative capacity (9). Quercetin and catechin do have the characteristic of having their 



hydroxyl groups on the 3’-, 4’-, 5-, and 6-positions. In correspondence to Matsuda et al.’s 

findings, glycosylation on the 3-hydroxyl group of flavonol, which is quercetin, also 

decreased its antiglycative capacities.  

In support of the previous statement, Chen also indicated that although the phenolic 

compound content of the water extract of Tian-Hua-Fen (Trichosanthis kirilowii) was half 

of that contained in the water extract of Ze-Xie (Alisma plantago-aquatica L. var. Orientale 

Sam.), the antiglycative activity of Tian-Hua-Fen was better than Ze-Xie. In addition, 

although Ze-Xie and Huang-Chi (Astragalus membranaceus Bge) contained similar 

amount of phenolic compounds and radical scavenging activities, their antiglycative 

activities differed in nearly 40% (2). In addition to radical scavenging capability, there 

must be additional mechanisms underlying antiglycative activities yet to be discovered. 

The selected effective inhibitors thus were further examined in 

hemoglobin-δ-gluconolactone assay and BSA-MGO assay in hope to discover which stage 

of AGE formation they exerted their inhibitory effects at.Hemoglobin-δ-gluconolactone  

assay. In this assay, δ-gluconolactone was used as the glycating agent and hemoglobin was 

used as the amine source, which was also the target for glycating agent. This assay was 

specific for the investigation of inhibitors against early glycation product, which was 

glycated hemoglobin. HbA1C is a blood test used to monitor blood glucose concentration 

in the long term. The lifespan of red blood cells is around 120 days then the red blood cells 

disintegrate and release the free glucose attached, which is an example of reversible 

Amadori products (4). The concentration of pure compounds tested was 400 μM and the 

concentration of subfractions tested was 1 mg/mL. According to the result obtained from 

this assay (figure 7), chlorogenic acid and catechin were the better early glycation 

inhibitors with inhibitory percentage of 25% and 23%, which were comparable to the 



inhibitory effect of the positive control aminoguanidine. There were no significant 

differences between chlorogenic acid, caffeic acid and aminoguanidine but they were 

significantly different from the others. 

Amongst the subfractions, LLMB 4 and LLMB 6 demonstrated better inhibitory 

activities with inhibitory percentages at 14% and 12%. Having a 25% inhibitory 

percentage against early glycation, which was the formation of glycated hemoglobin, 

approximately lowered the HbA1C value from 9 to 8 with a control HbA1C value of 5. 

Having a 1% decrease in HbA1C value is a reflection of an average decease of 30mg/dl of 

blood glucose. A clinical drug named Daflon, which is composed of natural flavonoids, 

was shown to attenuate increase in HbA1C in 28 Type I diabetic patients (8). 

 

BSA-MGO assay 

After evaluating whether the selected effective inhibitors exerted their preventative actions 

on the early stage of protein glycation, we continued to examine if these inhibitors could 

prevent the deleterious actions made by RCS. RCS were produced during the middle stage 

of AGE formation and MGO was the representative RCS used in this assay. MGO was 

used as the glycating agent and BSA provided the amine source targeted by glycating 

agents. MGO can readily react with the proteins that contain lysine and produce products 

with high molecular weight and crosslinking accompanied by ROS production (6) (19). 

MGO is considered very toxic due to its rapid reaction rate and its detoxification requires 

glyoxalase system. If damage done by MGO can be prevented, less BSA would be lost and 

less high molecular weight products would be formed. The modified MGO-BSA was 

detected by fluorescence at em. 330nm and ex. 410 nm. In this assay, subfractions 

ATE-Bu-C, ATE-Bu-D, LLMB 4, LLMB 5, LLMB 6 demonstrated inhibitory percentages 

of 26%, 30%, 33%, 38% and 27%, respectively at 250 μg/mL (figure 8). Pure compounds 

quercetin, catechin, caffeic acid and chlorogenic acid had corresponding inhibitory 



percentages of 64%, 31%, 82%, and 75% at 1 mM as seen in figure 9. Hence, caffeic acid was 

the most effective inhibitor in preventing BSA glycation induced by MGO. 

The mechanisms underlying the inhibition of MGO modification could be different. 

Compounds may directly remove MGOs by forming stable adducts with MGO or 

compounds could decrease the amount of MGO from further reacting with proteins by 

interrupting the glycoxidation pathways (7) (12) (13). Thus, the selected compounds and 

subfractions were further examined on their inhibitory mechanism against MGO. 

 
 
 
 



Evaluation of MGO trapping abilities 

The principle of this method was based on the reaction between MGO and OPD to form 2MQ.

 5-MQ was used as the internal standard which eluted at a slightly later time point. Table 2 

showed the final inhibitory percentages calculated based on these HPLC chromatograms. At a 

concentration of 625 μg/mL, LLMB 4, LLMB 5, LLMB 6, ATE-Bu-C, and ATE-Bu-D 

exhibited inhibitory percentages of 21%, 28%, 23%, 2% and -3% respectively. Amongst the pure 

compounds, catechin had the best MGO trapping ability at 85% while chlorogenic acid had 

the worst MGO trapping ability at  0% at a concentration of 2.5 mM. This assay may 

have underestimated the trapping ability of quercetin. Quercetin was found to precipitate in 

this system because it was not soluble in PBS. The effective MGO trapping ability of catechin 

found in this study also agreed with a previous study done by Peng et al. in 2008. The 

MGO decrease percentage of catechin found in Peng’s study was approximately 93% at a 

concentration	 of	5mM.	Catechin	 may	 directly	 trap	 MGO	 by	 forming	 isomeric	 adducts	 at	

the	C8	 position	of	its	A‐ring	similar	to	the	mechanism	of	EGCG	since	they	are	structurally	

similar	 (7) (13).	 In	 order	 to	 find	 out	 whether	 the	 MGO	 trapping	 abilities	 of	 LLMB	

subfractions	 came	 solely	 from	 the	 presence	 of	 catechin,	 additional	 HPLC	 analysis	 was	

done	to	quantify	the	catechin	contained	in	each	LLMB	subfraction.	 If	catechin	was	not	

the	 primary	 constituent	 contained	 in	 these	 subfractions,	 then	 there	 must	 be	 other	

effective	 constituents	 contained	 in	 these	 subfractions	 that	 exhibited	 the	 abilities	 to	 trap	

MGO	directly	(see	next	section).	

No	previous	reports	have	studied	the	MGO	trapping	effects	of	chlorogenic	acid	and	 caffeic	

acid	within	my	knowledge.	 Although	 chlorogenic	 acid	 and	 caffeic	 acid	 showed	 efficacy	

against	 protein	 glycation	 based	 on	 fluorescence	 assays,	 they	 failed	 to	 directly	 trap	RCS.

	 The	result	suggested	that	their	inhibitory	mechanism	against	protein	 glycation	may	



be	primarily	based	on	their	free	radical	scavenging	capacities.	

CONCLUSION 

Adlay	 and	 lotus	 leaf	 exhibit	 potent	 antiglycative	 activities	 that	 may	 attenuate	 the	

development	of	diabetic	complications	and	other	chronic	diseases.	Adlay	inhibits	 glycation	

perhaps	mainly	 via	 its	 radical	 scavenging	 effects	whereas	 lotus	 leaf	 exerts	 its	 inhibitory	

effects	both	by	its	radical	scavenging	effects	and	MGO	trapping	abilities. 

Therefore, lotus leaf and adlay are potential candidates for future development of alternative 

therapeutics for diabetes mellitus. 
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Figure 2. Partition and purification of adlay seed extract. 
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Figure 3. Schematic for the preparation of adlay testa fraction and subfraction.
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Figure 4. Inhibitory effects of subfractions A to F of ATE-Bu on the formation of 

AGEs. The concentration of each extract is 125 μg/mL in (□) and 250 μg/mL in (■). 

Results are means ± SD for n = 3. Duncan’s multiple rangetest was performed to 

examine the differences between samples. Groups with different letter superscripts 

are significantly different (p <0.05). 
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Figure 5. Inhibitory effects of subfractions 1 to 6 of LLMB on the formation of 

AGEs. Results are means ± SD for n = 3. Duncan’s multiple range test was 

performed to examine the differences between samples. Groups with different letter 

superscripts are significantly different (p <0.05). 
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Figure 6. Inhibitory effects of identified pure compounds from ATE-Bu-C and 

ATE-Bu-D on the formation of AGEs. The concentration of each pure compound is 

1 mM in (■). Various concentration (63 μM, 125 μM, 250 μM, 500 μM,1 mM, 2 mM) 

of quercetin was used as a positive control for comparative purpose. Results are 

means ± SD for n = 3. Duncan’s multiple range test was performed to examine the 

differences between samples. Groups with different letter superscripts are significantly 

different (p <0.05). 
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Figure 7. Results for Hemoglobin-δ-gluconolactone assay. Inhibitory effects of 

identified pure compounds and subfractions ATE-Bu-C and ATE-Bu-D on early 

stage of protein glycation. The concentration of each pure compound is 400 μM and 

the concentration of subfractions is 1 mg/mL. The concentration of the positive 

control aminoguanidine is 10 mM. 200 μL of whole blood was incubated with 40 μL 

of δ-gluconolactone (50 mM) in PBS (pH 7.4) for 16 h in the absence and presence of 

the selected inhibitors. Results are expressed as means ± SD for n = 3. Duncan’s 

multiple range test was performed to examine the differences between samples. 

Groups with different letter superscripts are significantly different (p < 0.05). 
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Figure 8. Inhibitory effects of subfractions LLMB, ATE-Bu-C and ATE-Bu-D on 

middle stage of protein glycation. The concentration of each  extract is 125 μg/mL 

in (□) and 250 μg/mL in (■). BSA (50 mg/mL) was incubated with 100 mM MGO 

under sterile condition at 37oC for 9 days. Fluorescence of samples was taken at ex. 

330 nm and em. 410 nm. Results are expressed as means ± SD for n = 3. Duncan’s 

multiple range test was performed to examine the differences between samples. 

Groups with different letter superscripts are significantly different (p  < 0.05). 
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Figure 9. Inhibitory effects of the selected pure compounds  from LLMB, 

ATE-Bu-C and ATE-Bu-D on middle stage of protein glycation. The concentration 

of each extract is 125 μg/mL in (□) and 250 μg/mL in (■). BSA (50 mg/mL) was 

incubated with 100 mM MGO under sterile condition at 37oC for 9 days. 

Fluorescence of samples was taken at ex. 330 nm and em. 410 nm. Results are 

expressed as means ± SD for n = 3. Results are expressed as means ± SD for n = 3. 

Duncan’s multiple range test was performed to examine the differences between 

samples. Groups with different letters superscripts are significantly different (p < 

0.05). 
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科技部補助專題研究計畫出席國際學術會議心得報告 

                                     日期：107 年 07 月 24 日 

一、參加會議經過 

第 21 屆國際營養大會 (Interational Congress of Nutrition, ICN)於 2017 年 10 月 15 日至 20 日，在阿

根廷布宜諾斯艾利斯舉行。ICN 為世界營養學領域的盛事，由知名的拉丁美洲科學家 Pedro Escudero

教授於 1941 年創辦。本次年會以“從科學到營養安全 (From Sciences to Nutrition Security)”為主題，

宗旨在於鼓勵知識交流，實現營養安全的改善。本次年會希望在多元文化環境中，能透過以下議

題關注與解決當今的營養問題，重點議題如下：(1) 營養研究進展；(2)營養生活課程；(3) 公共衛

生營養與環境；(4) 疾病的營養與管理；(5) 營養素和營養評估；(6) 功能性食品和生物活性化合

物；(7) 飲食文化實踐和營養教育，以及(8)農業、食品科學與安全。筆者本次即以”Neuroprotective 

effects of vitamin D via the modulation of NLRP3 inflammasome activation”參與第大會六項主題之研

究論文發表。 

本次研討會共舉行六天 (10/15-10/20)，筆者於 14 號會議前一天抵達布宜諾斯艾利斯，當天即前往

會場辦理註冊報到與拿取會議資料。會場總共有 11 個演講廳，分上午兩場(0800-1000; 1130-1330)

與下午三場 (1430-1500; 1500-1630; 1700-1900)不同的研究主題演講。筆者本次發表之壁報論文大

會安排於 10/18 AM 0800-0900 進行發表，會場中與其它國際學者就研究內容進行意見交換與討論。

10/20 (五)上午於會場聆聽完演講後，即驅車前往機場返台。 
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(英文)  Neuroprotective effects of vitamin D via the modulation of 

NLRP3 inflammasome activation 
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二、與會心得 

有鑑於流病調查結果顯示，缺乏 Vitamin D 可能為罹患中風的危險因子。體內 25-(OH)-D3 濃度低

之族群有較高罹患缺血性中風的風險；因此，補充 Vitamin D 對於降低中風罹患率及改善其預後程

度應有正面的生理效益。發炎體 (inflammasome)為一群胞內可溶性受器，主要功能為監控病原體

及危險信號，進而啟動轉譯因子造成發炎反應的發生，進而將未活化態 pro-IL-1β 轉化為成熟的發

炎激素 IL-1β。中風時小膠質細胞和星狀膠細胞活化，增加發炎激素進可導致發炎反應。另研究指

出，缺血性中風可藉由發炎體刺激發炎反應造成神經元細胞死亡。此顯示抑制中風過程之發炎體

活化可能具有減緩缺血性損傷的潛力。本次付研討會發表之主題即以此為出發點，探討 Vitamin D

減緩中風神經損傷之機轉是否與調控發炎體活化有關。 

本次年會有幸與同系沈老師與大葉大學宋老師一同參加。除參觀營養品展覽會場，蒐集最膳食療

養配方之 guideline 外，筆者同時也參加雀巢公司以基因轉殖技術用於嬰兒配方之產品開發等相有

趣主題。同時，筆者一行人亦參觀與會廠商所陳列之最新體脂肪儀器功能展示，受益良多。 

 

三、發表論文全文或摘要 

Ischemic stroke (IS) accounts for approximately 70% of the total cases of strokes.  Accumulating 

evidence suggests that inflammasome is involved in the pathogenesis of IR by regulating 

proinflammatory cytokine interleukin-1β (IL-1β) secretion following tissue ischemia.  According to the 

link between stroke severity and vitamin D status has been clinically proven in studies.  The object of 

this study was to investigate the neuroprotective effect of vitamin D on cerebral ischemia-reperfusion (IR) 

injury and the possible mechanism of action.  Eight-weeks-old male Sprague-Dawley rats were assigned 

to (1) control group (sham), (2) ischemia/reperfusion group (I/R) (3) vitamin D deficiency group (VDD), 

and (4) vitamin D supplements group (VDS).  Transient cerebral ischemia was induced in rats by middle 

cerebral artery occlusion (MCAO) for 1 h followed by reperfusion to investigate the effect of vitamin D 

on brain IR injury.  Cerebral infarct volume, and the levels of oxidative stress and inflammatory markers 

were evaluated.  Results showed that vitamin D deficiency exacerbated the severity of brain damage, 

and the levels of IL-1β and lipid peroxidation.  By contrast, intraperitoneal administration of vitamin D 

improved the brain injury and these results were accompanied by attenuated NLRP3 inflammasome 

signaling.  In conclusion, vitamin D might reduce cerebral ischemic-reperfusion injury, possibly via it 

anti-inflammatory activity. 

 

Keywords：Ischemic stroke, vitamin D, inflammasome, oxidative stress, IL-1β 

 

四、建議 

感謝科技會補助出席國際學術會議之經費，因本次會議拓展國際視野，並於會場中接觸與 vitamin D

相關之最新研究進展，對於下階段之之實驗內容設計大有助益。 

 

五、攜回資料名稱及內容 

大會手冊、會場電腦所列印之論文壁報摘要等。 

 

六、其他 

無 
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