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Abstract: The goal of this study was to determine the rat lens aldose reductase-inhibitory 

effects of 95% ethanol extracts from the leaves of C. esculenta and, its organic solvent 

soluble fractions, including the dichloromethane (CH2Cl2), ethyl acetate (EtOAc),  

n-butanol (BuOH) and water (H2O) layers, using DL-glyceraldehyde as a substrate. Ten 

compounds, namely tryptophan (1), orientin (2), isoorientin (3), vitexin (4), isovitexin (5), 

luteolin-7-O-glucoside (6), luteolin-7-O-rutinoside (7), rosmarinic acid (8), 1-O-feruloyl-D-

glucoside (9) and 1-O-caffeoyl-D-glucoside (10) were isolated from the EtOAc and BuOH 

fractions of C. esculenta. The structures of compounds 1–10 were elucidated by 

spectroscopic methods and comparison with previous reports. All the isolates were 

subjected to an in vitro bioassay to evaluate their inhibitory activity against rat lens aldose 

reductase. Among tested compounds, compounds 2 and 3 significantly inhibited rat lens 

aldose reductase, with IC50 values of 1.65 and 1.92 μM, respectively. Notably, the 

inhibitory activity of orientin was 3.9 times greater than that of the positive control, 

quercetin (4.12 μM). However, the isolated compounds showed only moderate ABTS+  

[2,29-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] activity. These results suggest that 

flavonoid derivatives from Colocasia esculenta (L.) Schott represent potential compounds 

for the prevention and/or treatment of diabetic complications.  
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1. Introduction 

According to the World Health Organization (WHO), approximately 200 million people worldwide 

suffer from diabetes, and it is estimated that this disease will have a severe impact on human health by 

2025 [1]. Aldose reductase (AR) is a key enzyme in the polyol pathway that plays important roles in 

cataract formation and the pathogenesis of diabetic complications such as neuropathy, nephropathy, 

and retinopathy [2]. Therefore, there is a growing interest in searching for drugs to alleviate the 

symptoms of diabetic complications. AR is an NADPH-dependent oxidoreductase and it is an 

important enzyme in the polyol pathway, which catalyses the reduction of glucose to sorbitol, which is 

further metabolized to fructose by sorbitol dehydrogenase [3]. Thus, AR inhibition represents a key 

point for the prevention and attention of long-term diabetic complications [4].  

As an abundant source of bioactive chemicals plants are an important resource for the development 

of new drugs [5]. Many flavonoids and polyphenols effectively inhibit AR [6–8], and in most cases, 

herbal medicines lack toxicity and side effects [9–11]. Oxidative stress contributes to the progression 

of diabetes and its complications. Diabetes is usually accompanied by free radical production and 

impaired antioxidant defenses [12]. 

Colocasia esculenta (L.) Schott, commonly known as taro, is a tropical perennial plant that is native 

to Asia and the Pacific, and widely distributed in tropical latitudes [13]. It is a starchy root crop  

with wide leaves, that are edible. Taro is the main food source for approximately 500 million  

people living in Asia, Africa, Middle America, and the Pacific Islands [14]. C. esculenta is reported to 

display anti-diabetic, anti-inflammatory, anti-oxidant and anti-cancer activities [15]. Studies on  

the chemical constituents of C. esculenta have reported the presence of pelargonidin-3-glucoside, 

cyanindin-3-rhamnoside, cyanidin-3-glucoside, orientin, isoorientin, vitexin, isovitexin and  

luteoin-7-O-sophoroside [16]. However, no studies have investigated the AR inhibitory activity 

constituents from C. esculenta leaves. 

The aim of this study was to investigate the in vitro inhibitory effects of Colocasia esculenta (L.) 

Schott extract and its isolated constituent on AR enzyme activity. We assessed the ability of the major 

compounds to decrease galactitol accumulation in the lens of a galactosemic rat model ex vivo and 

their antioxidant effects.  

2. Results and Discussion 

In most cases, natural herbal medicines lack toxic and side effects, so there is growing interest in 

natural products as sources of new drugs [17]. For years, many medicinal plants and their extracts have 

been demonstrated to effectively treat diabetes [18]. The purpose of this study was to identify new AR 

inhibitors (ARI) from Colocasia esculenta (L.) Schott for the treatment of diabetic complications. 

A 95% ethanol extract of C. esculenta leaves was found to exhibited inhibitory activity against 

crude rat lense aldose reductase (rAR). Consequently, the 95% ethanol extract of C. esculenta leaves 
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was further partitioned by systematic fractionation. Among the resulting fractions, the ethyl acetate 

(EtOAc) and n-butanol (BuOH) soluble fractions exhibited potent inhibitory activity against rAR with 

IC50 values of 2.07 and 5.05 μg/mL, respectively, compared with the positive control quercetin  

IC50 = 1.09 μg/mL (Table 1). Therefore, this study focused on the isolation of ARI compounds from 

these fractions. 

Table 1. Inhibitory effects of the Colocasia esculenta (L.) Schott on rat lens aldose 

reductase (rAR).  

Extract and Fraction 
Concentration 

(µg/mL) 
Aldose Reductase Inhibition 

(%) 
IC50  

(μg/mL) 

95% EtOH extract 10 43.66 ± 0.41 - 

Hexane fr. 10 29.11 ± 0.31 - 

CHCl3 fr. 10 13.05 ± 0.12 - 

EtOAc fr. 

5 74.89 ± 1.17 

2.07 ± 0.02 2.5 54.83 ± 1.27 

1 30.78 ± 0.64 

n-BuOH fr. 

10 84.02 ± 0.97 

5.05 ± 0.55 5 51.57 ± 0.53 

1 20.33 ± 1.15 

Water fr. 10 24.3 ± 0.64 - 

Quercetin a 

2.5 69.64 ± 0.72 

1.09 ± 0.01 1 48.9 ± 0.51 

0.5 31.62 ± 0.09 

Inhibition rate were calculated as percentages with respect to the control value. a Quercetin was used as 

positive control. Inhibitory effect was expressed as mean ± SD (standard deviation) of triplicate experiments. 

The EtOAc and BuOH soluble fractions were isolated using Sephadex LH-20 column chromatography, 

and the resulting components were identified as tryptophan (1) [19], orientin (2) [20], isoorientin (3) [20], 

vitexin (4) [20], isovitexin (5) [20], cynaroside (6) [21], lonicerin (7) [22], rosmarinic acid (8) [23],  

1-O-feruloyl-D-glucoside (9) [24] and 1-O-caffeoyl-D-glucoside (10) [24]. The structures of these 

compounds (Figure 1) were elucidated based on 1D and 2D (HMQC and HMBC) NMR spectral data 

and by comparison with published spectral data. We compared the ability of the isolated compounds 

and quercetin, a positive control, to inhibit rAR activity (Table 2). Among the isolated constituents, 

compounds 2 and 3 displayed potent rAR inhibitory activity, with IC50 values of 1.65 and 1.92 µM, 

respectively. Compound 7 has an IC50 value of 2.59 µM, which was also higher than that of quercetin 

(IC50 = 4.12 µM). Compounds 5, 6 and 10 have IC50 values of 7.36, 7.47 and 14.14 µM, respectively. 

Jung et al. reported that orientin and isoorientin isolated from Phyllostachys nigra showed were potent 

AR inhibitors and advanced glycation end products [25]. Several possible relationships may exist 

between the structure and inhibitory activity of flavones, since hydroxylation in the 4'-position has 

beneficial effects and the double bond between C-2 and C-3 increases the inhibitory activity [26]. The 

aldose reductase inhibitory activity of compounds containing a catechol moiety in the B ring was 

greater than in those with a 4'-hydroxy group [27]. 
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Figure 1. Structures of the constituents isolated from Colocasia esculenta (L.) Schott. 
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R1=Glucose; R2=H; Orientin (2)
R1=H;  R2=Glucose; Isoorientin (3)

Rosmarinic acid (8)

R1=Glucose; R2=H; Vitexin (4)
R1=H;  R2=Glucose; Isovitexin (5)

R1=OCH3; R2=Glucose; 1-O-feruloyl-D-glucoside (9)
R1=OH;  R2=Glucose; 1-O-caffeoyl-D-glucoside (10)  

Here, compounds 2, 3, 7 and quercetin are all exhibited greater activity than vitexin and isovitexin 

(Table 2). The inhibitory activity of 8-C-glucosyl 3',4',5,7-tetrahydroxy flavone was a slightly stronger 

than that of 6-C-glucosyl [25]. 6-C-glucosyl and 8-C-glucosyl flavone showed more potent activity 

than the 7-C-glucosyl flavone. 

Flavonoids are reported to dramatically inhibit aldose reductase. In particular, quercetin, quercitrin, 

and myricitrin are lead compounds that preceded the discovery of tolrestat. In order to confirm the type 

of rat aldose reductase inhibitory activity caused by compounds 2 and 3, we performed a kinetic study 

using different concentrations of DL-glyceraldehyde as a substrate (concentration: 0.1–1 mM). 
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Table 2. Inhibitory effects of the constituents isolated from the Colocasia esculenta (L.) 

Schott on rat lens aldose reductase (rAR). 

Compounds 
Concentration 

(µg/mL) 
Inhibition  

(%) 
IC50  

(µg/mL) 
IC50  
(µM) 

 
Quercetin a 

5 81.14 ± 0.81 

1.25 ± 0.05 4.12 ± 0.16 1 48.60 ± 1.44 

0.5 26.32 ± 0.59 

1 Tryptophan 10 19.99 ± 2.01 - - 

2 Orientin 
5 93.97 ± 0.98 

0.74 ± 0.03 1.65 ± 0.07 1 64.57 ± 0.52 
0.5 35.29 ± 0.36 

3 Isoorientin 
5 77.73 ± 0.77 

0.86 ± 0.05 1.92 ± 0.11 1 57.64 ± 0.58 
0.5 37.23 ± 0.37 

4 Vitexin 10 48.53 ± 0.87 - - 

5 Isovitexin 
10 76.59 ± 0.74 

3.18 ± 0.31 7.36 ± 0.72 5 60.29 ± 0.61 
1 23.34 ± 0.25 

6 Luteolin-7-O-glucoside 
10 76.24 ±0.77 

3.35 ± 0.32 7.47 ± 0.71 5 61.88 ± 0.60 
1 19.06 ± 0.21 

7 Luteolin-7-O-rutinoside 
5 72.69 ± 0.73 

1.54 ± 0.14 2.59 ± 0.26 1 40.31 ± 0.40 
0.5 29.91 ± 0.30 

8 Rosmarinic acid 
5 87.33 ± 0.87 

2.99 ± 0.27 5.38 ± 0.75 1 62.79 ± 0.60 
0.5 18.34 ± 0.19 

9 1-O-Feruloyl-D-glucoside 10 4.06 ± 0.40 - - 

10 1-O-Caffeoyl-D-glucoside 
10 73.19 ± 0.99 

4.84 ± 0.47 14.14 ± 0.14 5 55.57 ± 0.78 
2.5 24.72 ± 0.36 

a Quercetin was used as positive control. Inhibition rate was calculated as percentage with respect to the 

control value. The IC50 values of each sample were estimated from the least-squares regression line of the 

logarithmic concentration plotted against inhibitory activity. Inhibitory effect was expressed as mean ± SD of 

triplicate experiments. 

Kinetic analysis using Lineweaver-Burk plots of 1/velocity and 1/concentration for compounds 2 

and 3 are shown in Figure 2. Changes in substrate concentration resulted in different slopes and x-axis 

intersects for the uninhibited enzyme and different concentrations of the compounds. 

The Km (Michaelis-Menten constant) was unchanged, while the maximum velocity (Vmax) 

decreased. Therefore, compounds 2 and 3 are noncompetitive, indicating that the inhibitor were unable 

to bind the substrate binding area or the NADPH binding area. Next, we calculated the inhibitory 

constant (Ki) from secondary Lineweaver-Burk plots, and the compounds display Ki values  

of 3.23 × 10−6 M and 5.88 × 10−6 M, respectively. The lower Ki value implies tighter binding with the 
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free enzyme AR or the enzyme substrate complex, so compound 2 is expected to be a more effective 

inhibitor than compound 3 [28].  

Figure 2. Lineveaver-Burk plots showing the reciprocal of the velocity (1/v) of 

recombinant rat lens aldose reductase versus the reciprocal of the substrate concentration 

(1/s) with DL-glyceraldehyde as the substrate at concentrations of 0.1 to 1 mM. 

 
 

 
 

In diabetes, activation of the polyol pathway leads to the accumulation of sorbitol in various tissues. 

Excess glucose causes flux through the polyol pathway, which significantly increase AR activity and 

the accumulation of sorbitol [29]. Galactose produces a greater accumulation of polyol than glucose, 

because it has a higher affinity for AR [29–31]. Thus, we evaluated the effects of compounds 2 and 3 

on galactitol accumulation in rat erythrocytes and lenses. Incubation of rat lenses for 6 days in  

30 mM galactose increased the intracellular accumulation of galactitol. As shown in Table 3, 

compound 2 and compound 3 decreased galactitol accumulation in rat erythrocyte by 16.1% and 

35.2%, respectively at 5 µg/mL (quercetin = 47.9%). These compounds also inhibited galactitol 

accumulation in isolated rat lenses by 9.1% and 2.7% at 5 µg/mL, respectively (quercetin = 3.8%). 
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Table 3. Inhibitory effect of the constituents on the galactitol accumulation in rat lenses 

and erythrocyte. 

Compounds 
Rat Erythrocyte  

Galactitol Content (µM) a
Galactitol Content µg/lens Wet Weight (g) b

Galactitol free - 3.13 ± 0.06 
Control 86.70 ± 1.61 250.47 ± 5.01 

Quercetin c 45.17 ± 0.81 241.07 ± 4.57 
Isoorientin 56.18 ± 1.00 243.14 ± 4.71 
Orientin 72.72 ± 0.98 227.89 ± 4.52 

a Erythrocytes were incubated in a Krebs-Ringer bicarbonate buffer containing 30 mM galactose and in the 

presence or absence of 5 µg/mL compounds. b Mean of three duplication analyses of rat lens with compounds 

at a concentration of 5 µg/mL. c Quercetin was used as positive control. Inhibitory effect was expressed as 

mean ± SD of triplicate experiments. 

Oxidative stress plays a key role in the pathogenesis of vascular complications in diabetes, and it 

provides an early marker of such damage in the development of endothelial dysfunction [32]. 

Therefore, we evaluated the antioxidant activity of C. esculenta and its isolated constituents. Only the 

EtOAc fraction showed minor activity in the ABTS+ assay (Table 4). The ABTS+ inhibitory activities 

of the isolated constituents were tested, and trolox used as the positive control. Except for  

compounds 1, 4 and 5, all compounds exhibited ABTS+ inhibitory activity (Table 5).  

Table 4. Antioxidant effects of the Colocasia esculenta (L.) Schott on inhibition of  

the ABTS+. 

Extract and Fraction Concentration (µg/mL) Inhibition (%) IC50 (µg/mL) IC50 (µM) 

Trolox a 
8.33 92.92 ± 0.06 

2.87 ± 0.01 11.49 ± 0.04 3.33 57.40 ± 2.03 
1.67 27.07 ± 1.15 

Quercetin b 
1.67 81.36 ± 1.75 

0.97 ± 0.04 3.20 ± 0.12 0.83 42.49 ± 3.39 
0.33 22.98 ± 3.55 

95% EtOH Extract 10 26.07 ± 0.61 - - 

Hexane fr. 33.33 14.77 ± 0.85 - - 

CHCl3 fr. 33.33 42.4 ± 1.13 - - 

EtOAc fr. 
16.67 71.10 ± 3.62 

10.86 ± 0.84 - 8.33 41.64 ± 3.10 
3.33 21.78 ± 2.11 

n-BuOH fr. 33.33 48.35 ± 1.07 - - 

Water fr. 33.33 9.90 ± 0.60 - - 

Inhibition rate were calculated as percentages with respect to the control value. a Trolox and b quercetin were 

used as positive controls. Inhibitory effect was expressed as mean ± SD of triplicate experiments 
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Table 5. Antioxidant effects of the constituents isolated from the Colocasia esculenta (L.) 

Schott on inhibition of the ABTS+. 

Compounds Concentration (µg/mL) Inhibition (%) IC50 (µg/mL) IC50 (µM) 

Trolox a 
8.33 92.92 ± 0.06 

2.87 ± 0.01 11.49 ± 0.04 3.33 57.40 ± 2.03 
1.67 27.07 ± 1.15 

Quercetin b 
1.67 81.36 ± 1.75 

0.97 ± 0.04 3.20 ± 0.12 0.83 42.49 ± 3.39 
0.33 22.98 ± 3.55 

Tryptophan 16.67 37.51 ± 2.93 - - 

Orientin 
8.33 72.55 ± 4.10 

5.59 ± 0.42 12.47 ± 0.95 3.33 31.76 ± 3.19 
1.67 17.56 ± 2.21 

Isoorientin 
8.33 60.92 ± 2.81 

6.53 ± 0.53 14.55 ± 1.18 3.33 31.69 ± 4.94 
1.67 17.87 ± 3.08 

Vitexin 16.67 46.17 ± 2.65 - - 
Isovitexin 16.67 44.40 ± 4.91 - - 

Luteolin-7-O-glucoside 
8.33 52.11 ± 3.98 

8.00 ± 0.68 17.84 ± 1.51 3.33 22.66 ± 2.47 
1.67 13.49 ± 1.09 

Luteolin-7-O–rutinoside 
16.67 79.82 ± 0.67 

9.38 ± 0.47 15.77 ± 0.80 8.33 49.55 ± 3.91 
3.33 21.44 ± 1.46 

Rosmarinic acid 
8.33 60.25 ± 4.66 

6.91 ± 0.61 19.18 ± 1.69 3.33 23.61 ± 2.27 
1.67 16.20 ± 3.85 

1-O-Feruloyl-D-glucoside 
16.67 59.10 ± 2.55 

13.31 ± 0.23 37.35 ± 0.64 8.33 35.36 ± 1.54 
3.33 13.51 ± 1.62 

1-O-Caffeoyl-D-glucoside 
8.33 50.87 ± 1.30 

8.04 ± 0.49 23.47 ± 1.43 3.33 29.84 ± 1.19 
1.67 14.07 ± 0.39 

Inhibition rate was calculated as percentage with respect to the control value. The IC50 values of each sample 
were estimated from the least-squares regression line of the logarithmic concentration plotted against 
inhibitory activity. a Trolox and b quercetin were used as positive controls. Inhibitory effect was expressed as 
mean ± SD of triplicate experiments. 

3. Experimental  

3.1. Chemicals and Reagents 

DL-Glyceraldehyde, the reduced form of nicotinamide adenine dinucleotide phosphate (NADPH), 

bovine serum albumin (BSA), sodium phosphate and quercetin used in this study were purchased from 

Sigma (St. Louis, MO, USA). Human recombinant aldose reductase was purchased from Wako Pure 

Chemical Industries (Osaka, Japan). All other chemicals and reagents used were of analytical grade. 

3.2. Plant Materials 

Colocasia esculenta (L.) Schott was purchased from Dae Kwang Herb Medicine Co., Ltd. 

(Chuncheon, Korea) and the voucher specimen (No. RIC-1021) was deposited at Regional Innovation 

Center, Hallym University, Republic of Korea. 
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3.3. Extraction and Isolation 

Fresh Colocasia esculenta (L.) Schott (7.3 kg) leaves were extracted with 95% ethanol (60 L × 2 times) 

for 2 h at 100 °C. The combined filtrates were concentrated to dryness in vacuo at 40 °C. The extract 

was suspended in distilled water and partitioned sequentially with n-hexane, methylene chloride 

(CH2Cl2), ethyl acetate (EtOAc) and n-butanol (BuOH), respectively. The EtOAc fraction showed 

strong inhibitory activity on AR, so this fraction (7 g) was chromatographed over a Sephadex LH-20 

column using MeOH–H2O (1:1, v/v) as eluent to afford eight pooled fractions (CLEF 1-8). Fractions 

CLEF 1 and 2 were further fractionated using Sephadex LH-20 column chromatography and MeOH–H2O 

(4:1, v/v) as eluent to give compounds 5 (26.1 mg), 3 (6.8 mg) and 8 (10.9 mg). Fractions CLEF 4 and 

5 were subjected to Sephadex LH-20 column chromatography with MeOH–H2O (1:1, v/v) as the 

eluent to yield eight subfractions (CLEF 4-5:Fr. 1 to 8). Fraction CLEF 4:Fr. 1 was chromatographed 

on a Sephadex LH-20 column with MeOH–H2O (1:2, v/v) to give compound 6 (13.6 mg) and fraction 

CLEF 5:Fr. 6 was further fractionated using Sephadex column chromatography and MeOH–H2O (4:1, 

v/v) to give compound 9 (10.0 mg). The BuOH fraction also showed AR inhibitory activity, so this 

fraction (73 g) was further purified by using a Diaion HP-20 column and a Sephadex LH-20 column; 

elution of the Sephadex LH-20 column with MeOH–H2O mobile phases (1:1, 2:3, 3:7); resulted in the 

isolation of compounds 2 (28.6 mg), 4 (53.2 mg) and 1 (61.9 mg), 10 (28.4 mg) and 7 (52.9 mg). 

3.4. Preparation of Aldose Reductase 

Crude rat lenses aldose reductase (rAR) was prepared as follows: lenses were removed from 

Sprague-Dawley rats weighing 250–280 g and frozen at −70 °C until use. The rat lens homogenate was 

prepared according to the method of Hayman and Kinoshita with some modifications [33–35].  

Non-cataractous transparent lenses were pooled and homogenate was prepared in 0.1 M phosphate 

buffer saline (pH 6.2). After centrifugation at 10,000 rpm for 20 min in a refrigerated centrifuge, the 

supernatant, which was then collected and as the rAR, all procedures were carried out at 4 °C.  

3.5. Determination of Aldose Reductase Inhibition in Vitro 

AR activity was assayed spectrophotometrically by measuring the decrease in the absorption of 

NADPH at 340 nm over a 4-min period according to the method of Hayman and Konoshita with some 

modifications, using DL-glyceraldehyde as the substrate. Each 1.0 mL cuvette contained equal units of 

the enzyme, 0.10 M sodium phosphate buffer (pH 6.2), 0.3 mM NADPH, with or without 10 mM of 

the substrate and an inhibitor [10,36]. The concentration of inhibitors giving 50% inhibition of enzyme 

activity (IC50) calculated from the least-squares regression line of the logarithmic concentrations 

plotted against the residual activity. 

3.6. Kinetics of Recombinant Human Aldose Reductase 

Reaction mixtures consisted of 0.1 M potassium phosphate, 0.16 mM NADPH, 2 mM of recombinant 

human aldose reductase (rhAR) with varied concentrations of substrate DL-glyceraldehyde and  

AR inhibitor in a total volume of 200 µL. Concentrations were ranged from 0.1 to 1 mM for  

DL-glyceraldehyde, from 0.1 to 1 mM for active compound. Recombinant human aldose reductase 
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activity was assayed spectrophotometrically by measuring the decrease in absorption of NADPH  

at 340 nm after substrate addition using a Bio Tek Power Wave XS spectrophotometer (Bio Tek 

Instruments, Winooski, VT, USA) [34].  

3.7. Lens Culture and Intracellular Galactitol Measurement 

Lenses isolated from 10-week-old male rats were cultured for 6 days in TC-199 medium that 

contained 15% fetal bovine serum 100 units/mL penicillin and 0.1 mg/mL streptomycin under sterile 

conditions in an atmosphere of 5% CO2 and 95% air at 37 °C. Samples were dissolved in dimethyl 

sulfoxide. The lenses were divided into five groups and cultured in medium containing 5 mM glucose,  

30 mM galactose and rosmarinic acid or caffeic acid ethylene ester. Each lens was placed in well 

containing 1.0 mL of medium. Galactitol was determined by HPLC after its derivatization by reaction 

with benzoic acid to a fluorescent compound [37]. 

3.8. Blood Culture and Intracellular Galactitol Measurement 

Blood sample was collected in heparin containing polypropylene tube from 10-week-old male rats. 

For sugar and sugar alcohol analysis, erythrocytes from heparinized blood were separated from the 

plasma and buffy coat by centrifuging at 2000× g for 10 min. The cells were washed thrice with 

normal saline (0.9% NaCl) at 4 °C. In the final washing, the cells were centrifuged at 2000× g for  

10 min to obtain a consistently packed cell preparation. The packed cells (1 mL) were then incubated 

in a Krebs-Ringer bicarbonate buffer (pH 7.4) containing 30 mM galactose in the presence or absence 

of samples at 37 °C in 5% CO2 for 3 h. The erythrocytes were washed with cold saline by centrifuging 

at 2000× g for 10 min, precipitated by adding 6% of cold perchloric acid (3 mL), and centrifuged again 

at 2000× g for 10 min. The supernatant was neutralized with 2.5 M K2CO3 at 4 °C and used for 

galactitol determination [38]. HPLC analysis for sugar and sugar alcohol in blood was performed with 

this supernatant of red blood cell homogenate after being benzoylated.  

3.9. ABTS+ Assay 

The method of Re et al., [39] was used with slight modifications. ABTS diammonium salt  

(2 mM) and potassium persulfate (3.5 mM) were mixed, diluted in distilled water and kept in the dark 

at room temperature for 24 h before use. After addition of ABTS+ solution to 10 µL of antioxidant 

compounds were recorded at after 10 min reaction. The percentage inhibition of absorbance at 750 nm 

is calculated and potted as a function of concentration of antioxidants. Trolox was used as positive control. 

4. Conclusions  

The present study isolated ten compounds from the leaves of C. esculenta. Among the isolated 

compounds orientin (2) and isoorientin (3) significantly inhibited rat lens aldose reductase with IC50 

values of 1.65 and 1.92 μM, respectively. Specifically, the inhibitory activity of compound 2 was  

3.9 times greater than that of the positive control (quercetin = 4.12 μM). Kinetic analysis using 

Lineweaver-Burk plots of 1/velocity and 1/concentration indicate that compounds 2 and 3 are 

noncompetitive inhibitors. Our results indicate that flavonoids 2 and 3 isolated from C. esculenta 
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leaves prevented the accumulation of sorbitol in rat lenses. On the basis of AR inhibition, we conclude 

that compounds 2 and 3 have therapeutic potential for preventing and treating diabetic complications, 

although further clinical research is needed.  

Acknowledgments 

This work (Grants No. C0135915) was supported by Business for Cooperative R&D between 

Industry, Academy, and Research Institute funded Korea Small and Medium Business Administration 

in 2013, Priority Research Centers Program and Basic Science Research Program through the National 

Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology 

(NRF-2009-0094071), Basic Science Research Program through the National Research Foundation of 

Korea (NRF) funded by the Ministry of Education (NRF-2012R1A1A-2008842). Thanks for Soo Kyeong 

Lee in the department of Food Science and Nutrition, Hallym University, for supporting us in this study.  

Author Contributions 

Li, H.M., Hong, J.S. and Lim, S.S. designed research; Li, H.M., Hwang, S.H. and Kang, B.G. 

performed research and analyzed the data; Li, H.M., Hong, J.S. and Lim, S.S. wrote the paper. All 

authors read and approved the final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References  

1. Wild, S.; Roglic, G.; Green, A.; Sicree, R.; King, H. Global prevalence of diabetes: Estimates for 

the year 2000 and projections for 2030. Diabetes Care 2004, 27, 1047–1053. 

2. Moon, H.I.; Jung, J.C.; Lee, J. Aldose reductase inhibitory effect by tectorigenin derivatives from 

viola hondoensis. Bioorg. Med. Chem. 2006, 14, 7592–7594. 

3. Veeresham, C.; Rama Rao, A.; Asres, K. Aldose reductase inhibitors of plant origin. Phytother. Res. 

2013, 28, 317–333. 

4. TomLinson, D.R.; Stevens, E.J.; Diemel, L.T. Aldose reductase inhibitors and their potential for 

the treatment of diabetic complications. Trends Pharmacol. Sci. 1994, 15, 293–297. 

5. Newman, D.J.; Cragg, G.M. Natural products as sources of new drugs over the 30 years from 

1981 to 2010. J. Nat. Prod. 2012, 75, 311–335. 

6. Matsuda, H.; Murakami, T.; Yashiro, K.; Yamahara, J.; Yoshikawa, M. Antidiabetic principles of 

natural medicines. IV. Aldose reductase and qlpha-glucosidase inhibitors from the roots of Salacia 

oblonga Wall. (Celastraceae): Structure of a new friedelane-type triterpene, kotalagenin 16-acetate. 

Chem. Pharm. Bull. 1999, 47, 1725–1729. 

7. Yoshikawa, M.; Shimada, H.; Nishida, N.; Li, Y.; Toguchida, I.; Yamahara, J.; Matsuda, H. 

Antidiabetic principles of natural medicines. II. Aldose reductase and alpha-glucosidase inhibitors 

from Brazilian natural medicine, the leaves of Myrcia multiflora DC. (Myrtaceae): Structures of 

myrciacitrins I and II and myrciaphenones A and B. Chem. Pharm. Bull. 1998, 46, 113–119. 



Molecules 2014, 19 13223 

 

 

8. Patel, M.B.; Mishra, S. Isoquinoline alkaloids from tinospora cordifolia inhibit rat lens aldose 

reductase. Phytother. Res. 2012, 26, 1342–1347. 

9. Jung, H.A.; Yoon, N.Y.; Kang, S.S.; Kim, Y.S.; Choi, J.S. Inhibitory activities of prenylated 

flavonoids from Sophora flavescens against aldose reductase and generation of advanced 

glycation endproducts. J. Pharm. Pharmacol. 2008, 60, 1227–1236. 

10. Kawanishi, K.; Ueda, H.; Moriyasu, M. Aldose reductase inhibitors from the nature.  

Curr. Med. Chem. 2003, 10, 1353–1374. 

11. Manzanaro, S.; Salva, J.; de la Fuente, J.A. Phenolic marine natural products as aldose reductase 

inhibitors. J. Nat. Prod. 2006, 69, 1485–1487. 

12. Halliwell, B.; Gutteridge, J.M. Role of free radicals and catalytic metal ions in human disease:  

An overview. Methods Enzymol. 1990, 186, 1–85. 

13. Kaensombath, L.; Lindberg, J.E. Effect of replacing soybean protein by taro leaf (Colocasia 

esculenta (L.) Schott) protein on growth performance of exotic (Landrace x Yorkshire) and native 

(Moo Lath) Lao pigs. Trop. Anim. Health Proc.2012, 45, 45–51. 

14. Simsek, S.; El, S.N. Production of resistant starch from taro (Colocasia esculenta L. Schott) corm and 

determination of its effects on health by in vitro methods. Carbohyd. Polym. 2012, 90, 1204–1209. 

15. Eleazu, C.O.; Iroaganachi, M.; Eleazu, K.C. Ameliorative potentials of cocoyam (Colocasia 

esculenta L.) and unripe plantain (Musa paradisiaca L.) on the relative tissue weights of 

streptozotocin-induced diabetic rats. J. Diabetes Res. 2013, 2013, doi:10.1155/2013/160964. 

16. Cambie, R.C.; Ferguson, L.R. Potential functional foods in the traditional Maori diet. Mutat. Res. 

2003, 523–524, 109–117. 

17. Rao, A.R.; Veeresham, C.; Asres, K. In vitro and in vivo inhibitory activities of four Indian 

medicinal plant extracts and their major components on rat aldose reductase and generation of 

advanced glycation endproducts. Phytother. Res. 2013, 27, 753–760. 

18. Jain, V.; Viswanatha, G.L.; Manohar, D.; Shivaprasad, H.N. Isolation of antidiabetic principle 

from fruit rinds of Punica granatum. Evid.-Based Complement. Altern. 2012, 2012, 

doi:10.1155/2012/147202. 

19. Zhao, Y.; Yuan, Z. A new coumarin glycoside from Glehnia littoralis. Yao Xue Xue Bao 2007, 42, 

1070–1073. 

20. Yan, C.; Lin, L.; Liu, H.; Lin, Z.; Chen, P.; Cai, C.; Zheng, L. Study of flavonoids from leaves of 

Santalum album. Zhongguo Zhong Yao Za Zhi 2011, 36, 3130–3133. 

21. Chen, H.Y.; Zhou, C.X.; Lou, Y.J.; Duan, Z.H.; Zhao, Y. Chemical constituents from Elsholtzia 

blanda. Zhongguo Zhong Yao Za Zhi 2005, 30, 1589–1591. 

22. Zhang, C.; Yin, Z.; Ye, W.; Guan, Y.; Guo, L.; Zhang, J.; Shen, W. Chemical constituents from 

stems of Lonicera japonica. Zhongguo Zhong Yao Za Zhi 2009, 34, 3051–3053. 

23. Ha, T.J.; Lee, J.H.; Lee, M.H.; Lee, B.W.; Kwon, H.S.; Park, C.H.; Shim, K.B.; Kim, H.T.;  

Baek, I.Y.; Jang, D.S. Isolation and identification of phenolic compounds from the seeds of 

Perilla frutescens (L.) and their inhibitory activities against alpha-glucosidase and aldose 

reductase. Food Chem. 2012, 135, 1397–1403. 

24. Du, Q.; Xu, Y.; Li, L.; Zhao, Y.; Jerz, G.; Winterhalter, P. Antioxidant constituents in the fruits of 

Luffa cylindrica (L.) Roem. J. Agric. Food Chem. 2006, 54, 4186–4190. 



Molecules 2014, 19 13224 

 

 

25. Jung, S.H.; Lee, J.M.; Lee, H.J.; Kim, C.Y.; Lee, E.H.; Um, B.H. Aldose reductase and advanced 

glycation endproducts inhibitory effect of Phyllostachys nigra. Biol. Pharm. Bull. 2007, 30, 1569–1572. 

26. Varma, S.D.; Kinoshita, J.H. Inhibition of lens aldose reductase by flavonoids—Their possible 

role in the prevention of diabetic cataracts. Biochem. Pharm. 1976, 25, 2505–2513. 

27. Matsuda, H.; Morikawa, T.; Toguchida, I.; Yoshikawa, M. Structural requirements of flavonoids and 

related compounds for aldose reductase inhibitory activity. Chem. Pharm. Bull. 2002, 50, 788–795. 

28. Islam, M.N.; Choi, S.H.; Moon, H.E.; Park, J.J.; Jung, H.A.; Woo, M.H.; Woo, H.C.; Choi, J.S. 

The inhibitory activities of the edible green alga Capsosiphon fulvescens on rat lens aldose 

reductase and advanced glycation end products formation. Eur. J. Nutr. 2013, 53, 233–242. 

29. Kim, T.H.; Kim, J.K.; Kang, Y.H.; Lee, J.Y.; Kang, I.J.; Lim, S.S. Aldose reductase inhibitory 

activity of compounds from Zea mays L. BioMed Res. Int. 2013, 2013, doi:10.1155/2013/727143. 

30. Lee, Y.S.; Kim, J.K.; Bae, Y.S.; Won, M.H.; Kang, I.J.; Lim, S.S. Inhibitory effect of 

glucodistylin from the bark of Quercus acutissima on human recombinant aldose reductase and 

sorbitol accumulation. Arch. Pharm. Res. 2011, 34, 211–215. 

31. Yoon, H.N.; Lee, M.Y.; Kim, J.K.; Suh, H.W.; Lim, S.S. Aldose reductase inhibitory compounds 

from Xanthium strumarium. Arch. Pharm. Res. 2013, 36, 1090–1095. 

32. Cai, H.; Harrison, D.G. Endothelial dysfunction in cardiovascular diseases: The role of oxidant 

stress. Circulation Res. 2000, 87, 840–844. 

33. Hayman, S.; Kinoshita, J.H. Isolation and properties of lens aldose reductase. J. Biol. Chem. 1965, 

240, 877–882. 

34. Lee, Y.S.; Kang, Y.H.; Jung, J.Y.; Kang, I.J.; Han, S.N.; Chung, J.S.; Shin, H.K.; Lim, S.S. 

Inhibitory constituents of aldose reductase in the fruiting body of Phellinus linteus. Biol. Pharm. Bull. 

2008, 31, 765–768. 

35. Lim, S.S.; Jung, Y.J.; Hyun, S.K.; Lee, Y.S.; Choi, J.S. Rat lens aldose reductase inhibitory 

constituents of Nelumbo nucifera stamens. Phytother. Res. 2006, 20, 825–830. 

36. De la Fuente, J.A.; Manzanaro, S. Aldose reductase inhibitors from natural sources. Nat. Prod. Rep. 

2003, 20, 243–251. 

37. Kwang-Hyok, S.; Ui-Nam, P.; Sarkar, C.; Bhadra, R. A sensitive assay of red blood cell sorbitol 

level by high performance liquid chromatography: Potential for diagnostic evaluation of diabetes. 

Clin. Chim. Acta 2005, 354, 41–47. 

38. Shinohara, R.; Ohta, Y.; Yamauchi, M.; Ishiguro, I. Improved fluorometric enzymatic sorbitol 

assay in human blood. Clin. Chim. Acta 1998, 273, 171–184. 

39. Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant 

activity applying an improved ABTS radical cation decolorization assay. Free Radic. Biol. Med. 

1999, 26, 1231–1237. 

Sample Availability: Samples of the compounds 2 and 3 are available from the authors.  

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


