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บทคัดย่อ 
Glyoxalase-1 (GLO1) เป็นเอนไซมท่ี์ส าคญัในการท าลายพิษของผลิตภณัฑข์ั้นสุดทา้ยจากปฏิกิริยา

ไกลเคชั่น (AGEs) ซ่ึงเป็นปัจจัยหน่ึงท่ีท าให้เกิดการพฒันาโรคเร้ือรังในระบบเมแทบอลิกของร่างกาย 
แอนโทไซยานินท่ีพบในมนัเทศสีม่วงมีฤทธ์ิตา้นอนุมูลอิสระและตา้นการอกัเสบท่ีมีประสิทธิภาพอาจช่วย
ยบัย ั้งปฏิกิริยาไกลเคชัน่ได ้วตัถุประสงคข์องงานวิจยัเพื่อศึกษาผลของสารสกดัจากมนัเทศสีม่วงต่อการยบัย ั้ง
ปฏิกิริยาไกลเคชัน่ผ่านการแสดงออกของยีน GLO1 ในแบบจ าลองแมลงหวี่ สกดัสารแอนโทไซยานินจาก
มนัเทศสีม่วงดว้ยกรดน ้ าส้ม 3% ในเอทานอล 80% ผลจากการวิเคราะห์โปรไฟล์แอนโทไซยานินด้วยวิธี 
โครมาโทกราฟีของเหลวสมรรถนะสูง พบว่าสารสกัดจากมนัเทศสีม่วงมีเพียงไซยานิดินและพีโอนิดิน
เท่านั้น สารสกดัแสดงฤทธ์ิตา้นอนุมูลอิสระในวิธี DPPH, FRAP และ ORAC ท่ีระดบั 46.22, 55.39 และ 
360.18 µmol TE/g DW ตามล าดับ ระดับของ AGEs และการแสดงออกของยีน GLO1 ถูกวดัโดยใช้ชุด
ทดสอบ AGEs ELISA kit  และเทคนิค qRT-PCR ตามล าดบั ในแบบจ าลองแมลงหวี่สารสกดัจากมนัเทศ 
สีม่วงท่ีความเขม้ขน้ 2 mg/mL ส่งผลให้การแสดงออกของยีน GLO1 เพิ่มขึ้นอย่างมีนัยส าคญั (p < 0.05) 
และมีแนวโนม้ลดระดบั AGEs การวิจยัน้ีช้ีให้เห็นว่ามนัเทศสีม่วงอาจเป็นอาหารท่ีช่วยลดการเกิดปฏิกิริยา
ไกลเคชัน่ อย่างไรก็ตามยงัคงจ าเป็นตอ้งมีการศึกษาต่อในสัตว์ทดลองและการวิจยัทางคลินิก เพื่อยืนยนั 
การใชม้นัเทศสีม่วงเป็นทางเลือกในการพฒันาอาหารเชิงหนา้ท่ีเพื่อป้องกนัและลดภาวะแทรกซ้อนจากโรค
เร้ือรังทางเมแทบอลิก 
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Abstract 

Glyoxalase-1 (GLO1) is an enzyme that plays an important role in the detoxification of 

advanced glycation end-products (AGEs), which are byproducts of glycation reactions and 

contribute to the development of various chronic metabolic disorders. Anthocyanins, found in 

purple sweet potatoes (PSP), are potent anti-inflammatory and antioxidant compounds that may 

also prevent glycation reactions. This study aims to investigate the effects of PSP extract on the 

inhibition of glycation reactions through the expression of the GLO1 gene in the Drosophila 

melanogaster model. Anthocyanins were extracted from PSP using 3% acetic acid in 80% 

ethanol. The analysis of anthocyanin profiles using high-performance liquid chromatography 

revealed that the PSP extract contained only cyanidin and peonidin. The antioxidant activities 

of PSP were quantified as follows: DPPH, 46.22 µmol TE/g DW; FRAP, 55.39 µmol TE/g DW; 

and ORAC, 360.18 µmol TE/g DW. The levels of AGEs and GLO1 gene expression were 

measured using ELISA kits and qRT-PCR, respectively. In the D. melanogaster model, PSP 

extracts at 2 mg/mL significantly upregulated GLO1 gene expression (p < 0.05) and showed a 

tendency to reduce AGE levels. This study indicates that PSP could help reduce glycation 

reactions. However, further research in animal models and clinical studies is needed to confirm 

the use of PSP as an alternative for the development of functional foods to prevent and reduce 

complications from chronic metabolic diseases. 
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Introduction 

Advanced glycation end products 

(AGEs) are compounds formed by the 

Maillard reaction, a non-enzymatic reaction 

between carbonyl groups of glucose or 

other reducing sugar and amino groups of 

protein or lipid. The AGE accumulation of 

AGEs in vivo activates many signaling 

pathways, producing reactive carbonyl 

species, oxidative stress molecules, free 

radicals, and inflammatory responses. 

Methylglyoxal (MG), the most reactive 

carbonyl molecule in the human body, can 

cause dicarbonyl stress and interfere with 

regular physiological processes. It has been 

connected to the development of several 

chronic metabolic diseases, including 

diabetes, atherosclerosis, and Alzheimer's 

disease1, 2. Reports have shown that patients 

with diabetes melli tus (DM) exhibit 

significantly higher blood concentrations 

of MG compared to non-DM patients3. The 

imbalance of the glyoxalase system, an 

antiglycation mechanism, may result from 

elevated accumulation of MG in the body. 

Glyoxalase-1 (GLO1) is an important 

glyoxalase enzyme detoxifying the reactive 

dicarbonyl metabolite MG. It is found in 

the cytoplasm4.  

Several studies have demonstrated 

t h a t  p o l y p h e n o l  c o m p o u n d s  h a v e 

antiglycation properties both in vivo and in 

vitro. These functional substances reduce 

the  progress ion  of  d iabetes  and  i t s 

associated effects by lowering the synthesis 

o f  c a r b o n y l  m o l e c u l e s  t h r o u g h 

antiglycation mechanisms5, 6. Previous 

research has found that anthocyanin-rich 

berry extracts can trap reactive carbonyl 

species, block glycation processes, and 

prevent MG-induced amyloid β (Aβ) 

fibrillation7. In addition, cyanidin has been 

shown to reduce AGE production by 

enhancing GLO1 activity and glutathione 

levels8.  

Purple sweet potato (PSP) extract is 

high in phytochemicals,  part icularly 

an thocyanins  such  as  cyanid in  and 

peonidin, which have anti-cancer, anti-

d i a b e t i c ,  a n t i o x i d a n t ,  a n d  a n t i -

inflammatory effects9. Indeed, a prior study 

found that PSPs contain fifteen phenolic 

compounds, the majority of which are 

a n t h o c y a n i n s .  A l l  t e n  i d e n t i f i e d 

anthocyanins were either cyanidin or 

peonidin10. Thus, PSP extract may suppress 

glycation reactions by targeting the GLO1 

enzyme pathway. Furthermore, researchers 

discovered that PSP (Ayamurasaki cultivar) 

extracts scavenge 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) free radicals more effectively than 

purple cabbage, elderberry, grape peel, and 

purple corn extracts 11.  However,  the 

inhibition of glycation reactions via the 

upregulation of the GLO1 gene by PSP 

extract has not yet been studied. Therefore, 

this work aims to evaluate the effects of PSP 
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extract on the suppression of glycation 

processes through the modulation of the 

GLO1 gene expression in the Drosophila 

melanogaster model. 

 

Materials and Methods  

Chemicals 

The primary chemicals used in this 

s t u d y  i n c l u d e d  L - c a r n o s i n e  ( 9 9 % 

crystalline) and TPTZ (≥99.0% purity) 

p u r c h a s e d  f r o m  S i g m a - A l d r i c h 

(Switzerland); cyanidin chloride (≥95% 

HPLC), gallic acid (≥98.5% purity), DPPH, 

Trolox, fluorescein, and AAPH obtained 

from Sigma-Aldrich (USA); ethanol 

(99.8% purity, J.T. Baker), acetic acid 

(glacial, 99.8% purity), Folin-Cioculteu’s 

phenol reagent, and iron (III) chloride 

hexahydrate (FeCl3·6H2O, 99.0–102% 

purity) purchased from Merck (Germany). 

All other chemicals used in the study were 

analytical grade and obtained from standard 

commercial suppliers. 

 

Sample preparation 

P S P s  w e r e  o b t a i n e d  f r o m 

Pathommongkon Market  in  Nakhon 

Pathom. The roots were washed thoroughly, 

steamed for 40 minutes, and allowed to 

cool to room temperature (25°C). The peels 

were removed, and the flesh was cut into 

small pieces. The pieces were freeze-dried, 

ground into powder using a blender, packed 

in aluminum foil pouches, and stored at -20 

°C until further use. 

 

Sample extractions 

1) Sample extraction for antioxidant 

activity analyses 

Purple sweet potato extract (PSPE) 

samples were prepared according to the 

previous study12 with some modifications. 

One gram of freeze-dried PSP powder was 

extracted three t imes with 30 mL of 

acidified ethanol (3% acetic acid in 80% 

ethanol) using ultrasonication at 48 °C for 

20 minutes. The mixture was centrifuged at 

1,500 ×g  for 10 minutes and filtered with 

Whatman No.  541  f i l t e r  paper.  The 

supernatants were diluted to 100 mL with 

acidified ethanol (1 g per 100 mL extraction 

ratio) to a final concentration of 10 mg/mL. 

PSPE was stored at -20 °C until analysis. 

 

2) Sample extraction for high-performance 

liquid chromatography (HPLC) analysis 

 PSPE (5 mL) was evaporated to 

dryness at 37 °C using a rotary vacuum 

evaporator. The dried PSPE was dissolved 

in a methanol solution with 2 N HCl and 

hydrolyzed for 60 minutes at 100 ± 2 °C. 

The volume was then adjusted to 5 mL 

using the same methanol solution and 

filtered through a 0.2 µm PTFE filter. The 

filtrate was transferred to a vial for HPLC 

analysis. 
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3) Sample extraction for utilization in  

D. melanogaster culture medium 

 PSPE (1,000 mL) was evaporated 

to dryness at 37 °C using a rotary vacuum 

evaporator. The dried PSPE was dissolved in 

deionized water and adjusted to a final 

volume of 100 mL. The extract was stored at 

its highest concentration at -20 °C until used. 

 

Analysis method of phytochemical contents 

1) Anthocyanidin profiles assay 

  Anthocyanidin concentrations were 

measured using acid hydrolysis followed 

by HPLC quantification as previously 

described with slight modifications13. The 

Agilent 1260 Infinity II system equipped 

with a photodiode array detector and an 

Eclipse XDB-C18 column (4.6 × 150 mm, 

5 µm) was used. The mobile phases were 

0.1% trifluoroacetic acid (TFA) in water 

(18.2 MΩ·cm), 0.1% TFA in methanol 

(MeOH), and 0.1% TFA in acetonitrile 

(ACN). The column temperature was set to 

35 °C, with a flow rate of 0.6 mL/min and 

an injection volume of 10 µL. The standards 

included delphinidin, cyanidin, peonidin, 

pelargonidin, and malvidin. The detector 

was set to scan from 250 to 600 nm, with 

anthocyanidins were detected at 520 nm. 

 

2) Total anthocyanin contents (TACs) 

assay 

 The TACs of PSPE were determined 

using the pH differential method described 

in the AOAC Official Method14. In a 96-

well plate, 50 μL of PSPE was mixed with 

200 μL of pH 1.0 buffer (0.025 M potassium 

chloride) and pH 4.5 buffer (0.4 M sodium 

acetate). After 20-50 minutes of incubation, 

the absorbance at 520 and 700 nm was 

measured using a microplate reader. The 

TACs were calculated as milligrams of 

cyanidin-3-glucoside equivalents per 100 

grams of fresh and dry weight samples. 

 

3) Total phenolic contents (TPCs) assay 

 The Folin-Ciocalteu test was used to 

analyze TPCs in PSPE, as described in a 

recent study15. PSPE (25 μL) was mixed 

with 10% Folin-Ciocultue reagent (50 μL) 

and incubated at 25 °C for 5 min. Incubate 

7.5% sodium carbonate (200 μL) in the dark 

at 25 °C for 2 hours. The absorbance at 765 

nm was measured with a microplate reader. 

Gallic acid (10 to 200 μg/mL) was used as 

the standard. The TPCs were expressed as 

milligrams of gallic acid equivalents (GAE) 

per 100 grams of fresh or dry weight 

samples.  

 

Analysis method of antioxidant activities 

1) DPPH-radical scavenging activity 

(DPPH) assay 

 The DPPH-radical  scavenging 

activity in PSPE was measured using the 

previous study's method15. The PSPE (22 

μL) was combined with 200 μL of a 150 

μM DPPH free radical solution in 95% 
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ethanol and incubated in the dark at 25 °C 

for 30 minutes. The absorbance was then 

measured at 520 nm with a microplate 

reader. Trolox (0.01˗0.64 mM) was used as 

the standard.  

 

2) Ferric reducing antioxidant power 

(FRAP) assay  

The FRAP activity was measured in 

PSPE using the method from the previous 

study15 with minor modifications as 

follows. The PSPE (20 μL) was diluted 5X 

with deionized (DI) water, then added 150 

μL of FRAP reagent (acetate buffer pH 

3.50 (10): TPTZ (1): FeCl3· 6H2O (1)) and 

incubated in the dark at 25 °C for 8 min. 

The absorbance was measured at 595 nm at 

37 °C using a microplate reader. Trolox 

(7.81 to 500.00 µM) was used as the 

standard. 

 

3) Oxygen radical absorbance capacity 

(ORAC) assay 

The ORAC activity in PSPE was 

assessed using the method described in the 

previous study15. The PSPE (25 μL) was 

diluted 100X with ORAC buffer working 

solution, added with 150 μL of fluorescein 

reagent, and incubated in the dark at 37 °C 

for 30 min. Next, 25 μL of AAPH solution 

was added. The fluorescence mixture was 

measured using a fluorescent microplate 

reader with kinetic excitation at 485 nm and 

emission at 528 nm. Trolox (3.12 to 100.00 

µM) was used as the standard.  

Antioxidant activities, including 

DPPH, FRAP, and ORAC assays, were 

r ep o r t ed  i n  m i c r o m o l e s  o f  Tr o l o x 

equivalents (µmol TE) per gram of fresh 

and dry weight samples. 

 

In vivo anti-glycation capacity assay  

1) Animal model and culture condition 

 Canton-S (number 64349) is a wild-

type strain of D. melanogaster  from 

Bloomington Drosophila Stock Center, 

USA. It was maintained at a 12-hour 

light/dark cycle, 25 ± 1  °C, and 65% 

humidity.  The Drosophila  study was 

approved by the Institute of Nutrition, 

Mahidol University-Institute Animal Care 

and Use Committee (INMU-IACUC) 

(COA. No. INMU-IACUC 2023/04). 

 

2) D. melanogaster culture media 

 Standard (yeast -glucose-agar) 

D ro s o p h i l a  m ed i u m  w as  p r ep a r e d 

according to the previous study16, with 

minor modifications, as follows. In short, 

1000 mL of medium contained corn flour 

(125 g), sugar (100 g), yeast (30 g), agar 

(14 g), water (1000 mL), propionic acid (5 

mL), and methyl 4-hydroxybenzoate 

(nipagin) in 95% ethanol (10 mL). The 

medium was sterilized and stored at 4 °C 

until used. This medium was used to sustain 

the Drosophila stock, collect larvae, and set 

up the experiment. 
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3) Survival test and experimental medium 

The survival test medium included 

three groups comprising six treatments: the 

control  group (dis t i l led water,  DI) , 

experimental group (PSPE at 1, 2, and 4 

mg/mL), and the positive control group 

(carnosine 40 µM and cyanidin 5.88 µM). 

The medium was prepared by combining 3 

g of Formula 4-24 Instant Drosophila 

medium with 10 mL of each treatment 

solution. The same medium was used in the 

experiment, based on the survival test 

r e su l t s .  PSPE concen t ra t ions  were 

determined using data from a previous 

study16. Pure cyanidin at 5.88 µM (positive 

c o n t r o l )  c o r r e s p o n d e d  t o  a  P S P E 

concentration of 2 mg/mL. The cyanidin 

concent ra t ions  in  the  exper imenta l 

treatments were 2.94 µM for 1 mg/mL 

PSPE and 11.76 µM for 4 mg/mL PSPE. 

 

4) Survival test of D. melanogaster 

The D. melanogaster survival test 

was conducted to evaluate the effects of 

PSPE and positive control substances on the 

flies' growth and survival rate. The test 

employed the larvae survival method17, in 

which third-instar larvae were maintained 

in a survival test medium consisting of three 

groups (six treatments) until they reached 

the adult stage. A survival rate of at least 

80% was used as a screening-level endpoint 

to determine appropriate concentrations for 

subsequent experiments. Each treatment 

used 100 larvae and was conducted in 

triplicate. The results indicated that all 

treatments achieved a growth rate 

exceeding 80%, suggesting that the tested 

substances did not adversely affect the 

survival of D. melanogaster. 

 

5) Experimental procedure for AGEs and 

GLO1 gene assay 

One-day-old adult male and female 

D. melanogaster were maintained in an 

experimental medium of three groups (six 

treatments) for 30 days. The flies were 

transferred to fresh medium every three 

days. Afterward, flies from each 

experimental group were collected and 

stored at -80 °C. Subsequently, the stored 

Drosophila were analyzed for AGEs levels 

and GLO1 gene expression using AGEs 

ELISA kit and qRT-PCR assay, 

respectively. The experiment used 100 flies 

per treatment and was conducted in 

triplicate. 

 

Analysis method of outcome In vivo anti-

glycation capacity 

1) Confirmation and identification of 

AGEs formation by ELISA Kit 

 Each  t r ea tmen t  i nvo lved  the 

placement of five flies into labeled, empty 

1.5 mL Eppendorf tubes. The tubes were 

placed in an ice bath to extract protein, and 

50 µL of T-PER (Tissue Protein Extraction 

Reagent) was added before homogenization. 
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The homogenates were collected on ice and 

centrifuged at 2490 ×g at 4 °C for 15 

minutes. The supernatants were collected 

into empty Eppendorf tubes and stored on 

ice until use. The protein concentration was 

then evaluated using a bicinchoninic acid 

(BCA) protein assay kit, with all samples 

adjusted to a final protein concentration of 

1  mg/mL. Furthermore ,  AGEs were 

quantified using an AGEs ELISA kit 

(Advanced Glycation End Products Assay 

K i t ,  a b 2 3 8 5 3 9 ,  A b c a m ,  U K ) .  T h e 

concentration of AGEs was determined 

using an AGE-BSA standard calibration 

curve. 

 

2) Confirmation and identification of 

GLO1 gene expression by quantitative 

real-time reverse-transcription PCR (qRT-

PCR) 

To t a l  m R N A f r o m  f l i e s  w a s 

extracted using TRIzol reagent. A Nanodrop 

spectrophotometer was used to quantify 

total RNA and its purity. Complementary 

DNA (cDNA) was synthesized from mRNA 

using the Reverse Transcription Kit 

(ReverTra AceTM qPCR RT Master Mix 

with gDNA Remover, FSQ-301, TOYOBO 

CO., LTD, Osaka, Japan), and all samples 

w e r e  a d j u s t e d  t o  a  f i n a l  c D N A 

concentration of 200 ng/mL. Furthermore, 

qRT-PCR was carried out using primer 

pairs (DmGLO1 self: Primer sequence 5ˊ- 

3ˊ / Forward = TCCAGCAAACCATGTACC 

GC / Reverse = CCAGTTTCACCAGCAA 

GGTC). The gene expression of alphaTub-

84B was used as an internal control . 

(alphaTub84B self: Primer sequence 5ˊ- 

3ˊ/Forward = CCGCTATTGCCACCATC 

AAG / Reverse = AAATCACCTCCAGGC 

ACCAC). 

 

Statistical Analysis 

 All data are depicted as the mean ± 

standard deviation. The concentrations of 

anthocyanidin in PSPE were calculated 

using a linear regression equation derived 

from respective standard curves. AGEs 

levels among various concentrations of 

PSPE and the control group were compared 

using a one-way analysis of variance 

(ANOVA), followed by Bonferroni’s 

multiple comparison test. The GLO1 gene 

expression between the PSPE and control 

groups was compared using an independent 

t-test. Statistical analyses were performed 

using SPSS (PASW Statistics 18 software). 

A p - v a l u e  <  0 . 0 5  w a s  c o n s i d e r e d 

statistically significant. 
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Results and Discussion 

Phytochemicals content of PSPE 

The phytochemical contents of 

PSPE, including anthocyanidin profiles, 

total anthocyanin content (TACs), and total 

phenolic content (TPCs), are shown in 

Table 1. The analysis revealed that PSPE 

contained only peonidin and cyanidin 

(Table 1). Nevertheless, the presence of 

additional anthocyanins is likely, and 

further in-depth profiling is recommended 

for complete characterization. The TACs of 

PSPE were  measured  a t  194 .49  mg 

CGE/100 g  DW (Table  1) ,  which  is 

c o m p a r a b l e  t o  t h e  f i n d i n g s  o f 

Kurnianingsih et al. (2021), who reported 

150 mg CGE/100 g DW18. The TPCs in 

PSPE were determined to be 541.11 mg 

and 1668.03 GAE/100 g FW and DW, 

respectively (Table 1), aligning with 

previous research that identified the purple-

flesh sweet potato variety as having the 

highest TPC among ten varieties (492.89 

mg GAE/100 g FW)19. Additionally, Im et 

al. (2021) examined the TPC of five Korean 

PSP varieties, reporting values ranging 

from 180 to 737 mg GAE/100 g DW20. The 

phytochemical contents of PSPE in this 

study are generally consistent with prior 

research, with minor variations.  These 

differences can be attributed to factors such 

as PSP variety21,  sample preparation 

methods (e.g., steaming)22, and extraction 

condi t ions  ( e .g . ,  so lvent  type ,  pH, 

extraction time, and temperature)23, 24.  

Table 1. Phytochemical contents of Purple Sweet Potato extracts. 

Phytochemicals 
Purple Sweet Potato extract (PSPE) 

mg/100 g FW mg/100 g DW 

Anthocyanidin contents 

Peonidin 21.72 ± 1.67 66.96 ± 5.15 

Cyanidin 15.02 ± 0.67 46.30 ± 2.08 

TACs1 63.09 ± 2.72 194.49 ± 8.39 

TPCs2 541.11 ± 5.97 1668.03 ± 18.42 

All data are expressed as Mean ± SD of triplicate experiments (n=3). TACs; total anthocyanin contents, 

TPCs; total phenolic contents. 1Expressed as mg cyanidin-3-glucoside equivalents (CGE)/100 g FW or 

DW. 2Expressed as mg gallic acid equivalents (GAE) /100 g FW or DW. 
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Antioxidant activities of PSPE 

The antioxidant activities, including 

DPPH radical scavenging, FRAP, and 

ORAC assays, are shown in Table 2. The 

DPPH assay indicated that PSPE had an 

antioxidant activity of 46.22 µmol TE/g 

DW (11.57 mg TEAC/g DW.) (Table 2), 

which is comparable to previous studies on 

five Korean PSP varieties (11.63–12.23 

mmol TE/g DW or 46.47- 48.86 µmol TE/g 

DW)20. The FRAP assay indicated a 

reducing power of 55.39 µmol TE/g DW 

(Table 2), aligning with prior findings that 

the raw deep PSP variety exhibits the 

highest FRAP values (274.0 mmol FE/g)25. 

The ORAC assay demonstrated that PSPE 

had a free radical scavenging effect of 

116.84 µmol TE/g FW (Table 2), supporting 

earlier research where purple-flesh varieties 

consistently showed the highest ORAC 

values (7.38 mmol TE/100 g FW or 73.8 

µmol TE/g FW)19. Additionally, previous 

studies19, 21 confirm that PSP with higher 

TPCs exhibits stronger antioxidant 

properties, suggesting that TPC serves as a 

key indicator of antioxidant potential in 

sweet potatoes. Specifically, anthocyanins 

and anthocyanidins, the major phenolic 

compounds in PSP, exhibit antioxidant 

activity through multiple mechanisms: they 

can donate hydrogen atoms to neutralize 

free radicals (DPPH assay), chelate 

transition metal ions (FRAP assay), and 

scavenge peroxyl radicals (ORAC assay). 

The antioxidant activities of PSPE 

demonstrate a similar trend to those 

reported in earlier studies, with minor 

differences. These variations can be 

attributed to differences in sweet potato 

cultivars, sample preparation methods 

(including thermal processing), and 

variations in TPC, all of which significantly 

influence antioxidant capacity19, 21, 25. 

Table 2. Antioxidant activity of Purple Sweet Potato extracts. 

Antioxidant activities 
Purple Sweet Potato extract (PSPE) 

µmol TE/g FW µmol TE/g DW 

DPPH Radical Scavenging Assay 14.99 ± 0.27 46.22 ± 0.82 

FRAP Assay 17.97 ± 0.94 55.39 ± 0.94 

ORAC Assay 116.84 ± 0.82 360.18 ± 2.52 

All data are expressed as Mean ± SD of triplicate experiments (n=3)  

µmol TE/g FW: μmol of Trolox equivalents (TE) per gram of fresh weight (FW) samples 

µmol TE/g DW: μmol of Trolox equivalents (TE) per gram of dry weight (DW) samples 
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Anti-glycation capacity 

GLO1 is the key enzyme of the 

glyoxalase system and is essential for the 

d e t o x i f i c a t i o n  o f  A G E s .  E l ev a t e d 

expression of GLO1 leads to a reduction in 

AGE levels5. Therefore, the results of the 

study in AGE levels were compared with 

those in GLO1 gene expression. 

 

The effects of PSPE on AGEs in the 

Drosophila model 

The inhibition of AGE formation by 

PSPE was tested using an AGE ELISA kit, 

which measures the end products of the 

glycation process. In Figure 1A, the results 

indicate that the AGE adduct levels from all 

treatments show no significant differences 

compared to the control group or among the 

groups. The study suggests that the 

inhibition of AGEs was most effective at 2 

mg/mL of PSPE, which was comparable to 

the inhibition achieved by cyanidin, the 

positive control. However, at 1 mg/mL and 

4 mg/mL of PSPE, the inhibition of AGEs 

was less pronounced.  

According to the study results, at 2 

mg/mL of PSPE (containing cyanidin at 

5.88 µM), the inhibition of AGEs was 

nearly equivalent to that observed with pure 

cyanidin at 5.88 µM, suggesting that this 

effect may be partly attributed to cyanidin. 

This observation aligns with prior research 

by Jang et al. (2019) and Xu et al. (2015), 

which noted that cyanidin and other 

anthocyanins found in PSP possess potent 

antioxidant properties capable of mitigating 

oxidative stress, a significant contributor to 

AGE formation26, 27. Furthermore, a study 

by Suantawee et al. (2016) demonstrated 

that cyanidin effectively combats glycative 

stress and inhibits the formation of AGEs 

induced by glucose and MG. The study 

elucidated that cyanidin inhibits glycation 

by preventing oxidative DNA damage 

mediated by lysine/MG, regardless of the 

presence of copper ions. These results 

indicate that cyanidin possesses the ability 

to directly trap MG and additionally reduce 

the generation of superoxide anions and 

hydroxyl radicals in the lysine/MG 

system28. However, PSPE at 4 mg/mL 

tended to increase AGE levels, possibly due 

to its higher dosage, which could lead to a 

pro-oxidant effect inducing oxidative stress. 

This is similar to findings from previous 

research by Cai et al. (2018), which 

demonstrated that high doses of purple 

sweet potato anthocyanins (PSPA) could 

induce liver injury through a pro-oxidant 

mechanism, as evidenced by elevated 

malondialdehyde (MDA) levels and 

reduced glutathione (GSH) levels in models 

of alcohol-induced liver injury29. 
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The effects of PSPE on GLO1 gene 

expression in the Drosophila model 

The expression of the GLO1 gene in 

PSPE was evaluated using qRT-PCR. As 

shown in  Figure 1B, the results indicate that 

the expression of the GLO1 gene 

significantly increased in the PSPE 2 

mg/mL group (p < 0.05), the cyanidin group 

(p < 0.05), and the carnosine (positive 

control) group (p < 0.001) compared with 

the control group. No significant changes 

were observed for PSPE at 1 mg/mL or 4 

mg/mL.  

According to the study results, 

carnosine, cyanidin, and PSPE at 2 mg/mL 

upregulate the GLO1  gene. The gene 

expression levels in the group treated with 

PSPE at 2 mg/mL (containing cyanidin at 

5.88 µM) and the group treated with pure 

cyanidin at 5.88 µM were comparable, 

suggesting that the cyanidin in PSPE may 

contribute to the increased gene expression. 

Previous studies indicate that cyanidin 

elevates glutathione levels and GLO1 

activity, thereby reducing oxidative stress 

and MG-induced apoptosis8. Additionally, 

cyanidin chloride activates the nuclear 

factor erythroid 2-related factor 2 (Nrf2) 

pathway in colon cancer cells, which is 

i nduced  by  TNF -α 3 0 .  Fu r the rmore , 

Sukprasansap et al. (2020) demonstrated 

that  cyanid in-3-O-glucoside  (C3G) 

activates the Nrf2-antioxidant response 

e lement  (ARE) pathway 31 and  Nrf2 

regulates the transcription of various 

detoxification and antioxidant enzyme 

genes, including GLO1  and SOD-232. 

Moreover, Nrf2 decreases intracellular MG 

stress and elevates GLO1 activity33. 

Aragonès et al. (2021) explain that under 

normal conditions,  Nrf2 is l inked to 

KEAP1, which directs its degradation via 

the ubiquitin-proteasome system (UPS). 

However,  when Nrf2 is activated by 

compounds such as cyanidin, it translocates 

to the nucleus and binds to the antioxidant 

response (ARE) in the GLO1 promoter, 

increasing GLO1 expression34.  

However, gene expression in PSPE 

at 1 and 4 mg/mL was relatively similar, 

mirroring the levels of AGE shown in 

Figure 1 (A). The lack of gene upregulation 

at 1 mg/mL may be due to an insufficient 

dose. In contrast, at 4 mg/mL, the high dose 

of PSPE acts as a pro-oxidant, inducing 

oxidative stress and leading to a reduction 

in GSH levels29. Since GLO1 levels are 

directly proportional to GSH concentration, 

GLO1 activity decreases when GSH is 

depleted34. 
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Figure 1. The anti-glycation effects of Drosophila melanogaster after 30-day treatment 

(A) Effects of PSPE on AGEs: Data are expressed as Mean ± SD of duplicate experiments. AGEs adduct 

was evaluated, and statistical significance was analyzed by one-way analysis of variance (ANOVA) and 

Bonferroni multiple comparison test (p < 0.05). (B) Effects of PSPE on GLO1 gene expression: Data 

are expressed as Mean ± SD of duplicate experiments. The quantitative gene expression was evaluated, 

and statistical significance was analyzed by t-test against the control group. Significant values; *; p < 

0.05, ***; p < 0.001 and ns; non-significant. 

 

Conclusion 

In conclusion, this study demon-

strated that PSPE at a concentration of 2 

mg/mL, containing cyanidin at 5.88 µM, 

has the potential to inhibit glycation 

reactions by significantly upregulating the 

expression of the GLO1 gene in the D. 

melanogaster model and its effectiveness 

appears to be dose-dependent. However, 

the reduction in AGE levels was not 

statistically significant, possibly due to the 

low AGE levels detected in this study.  

Future research should induce higher AGE 

levels in Drosophila, such as through H2O2 

exposure or a high-sugar diet, to better 

evaluate the effects of PSPE on glycation 

inhibition. 
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