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Inhibitory Effect of Populoside from the Bark of

Populus nigra on Aldose Reductase
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Bark extract of Populus nigra was examined as a possible inhibitor of aldose reductase, a key

enzyme involved in diabetic complications. The aqueous acetone extract of P. nigra was subjected

to gel filtration chromatography to produce an active compound, populoside, which inhibited

aldose reductase with 50% inhibitory value of 18.55 μM in a non-competitive manner. Populoside

also inhibited sorbitol accumulation by 48.84% at 50 μM. These results suggested that the P. nigra-

derived component populoside has the potential to be used in the treatment of diabetic

complications.
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Diabetic complications are considered to be caused by

the accumulation of sorbitol, which is produced from

glucose by aldose reductase in the polyol pathway [Kador

1988; Oates and Mylari, 1999]. Aldose reductase [AR,

alditol: NAD(P)+1-oxidoreductase, EC 1.1.1.21], the first

enzyme in the polyol pathway, catalyzes the reduction of

glucose to sorbitol via the oxidation of NADPH to NADP+

[Kador et al., 1986]. Under hyperglycemic conditions, the

polyol pathway becomes activated. Sorbitol is formed

more rapidly than its conversion into fructose, and its

polarity hinders easy penetration through membranes and

subsequent removal from tissues by diffusion. The

resulting elevated intracellular concentration of sorbitol

increases cellular osmolarity, which, in turn, initiates a

cascade of events that lead to the development of

disabling complications including neuropathy, nephropathy,

cataracts, and retinopathy [Kinoshita, 1974; Tomlinson et

al., 1992; Kaul and Ramarao, 2001]. Therefore, the

inhibition of AR is a useful therapeutic strategy to prevent

the onset or, at least, delay the progression and severity of

diabetic complications.

The genus Populus belonging to the Salicaceae family

comprises more than 100 species, which are distributed

throughout warm temperature zones and subtropical regions

[Wang et al., 1999]. The plant has been traditionally used

for the treatment of various diseases, including diarrhea,

paralysis, pulmonary disease, pox, and variola. Some

phenolic glycosides, flavonoids, and sesquiterpenes have

been isolated from this plant [Thieme and Benecke, 1969;

Komoda, 1989; Jerkovic and Mastelic, 2003]. Previous

phytochemical studies have also revealed the presence of

phenolic glycosides, flavanoids, phenolic acid, and

diterpenoids in other species of the genus Populus [Zhang

et al., 2008; Kwon et al., 2009; Si et al., 2009a; 2009b].

As a part of our ongoing search for bioactive compounds

from natural sources, phytochemical investigation of the

EtOAc-soluble fraction of a MeOH extract of P. nigra has
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resulted in the isolation of populoside. However, the

effects of the compound on antidiabetic complications

remain unclear. In the present study, the bioactive

compounds in Populus nigra were identified, and their

ability to inhibit human recombinant aldoese reductase

and sorbitol accumulation in red blood cells was

evaluated.

Materials and Methods

Chemicals. The 
1

H- and 
13

C-NMR spectra were

recorded on a Bruker DPX 400 spectrometer (Karlsrube,

Germany) at 400 and 100 MHz, respectively. Chemical

shifts are given in ppm using tetramethylsilane as an

internal standard. FAB-MS was recorded with a

Micromass Autospec M363 Spectrometer (Manchester.

U.K.). DL-glyceraldehyde, the reduced form of nicotinamide

adenine dinucleotide phosphate (NADPH), and quercetin

were purchased from Sigma (St. Louis, MO). Sephadex

LH 20 (GE Healthcare Bio-Science AB, Uppsala,

Sweden) was used as the column packing material.

Human recombinant aldose reductase was purchased

from Wako Pure Chemical Industries (Osaka, Japan).

Epalrestat (ONO-2235) was purchased from Ono

Pharmaceutical Co., Ltd. (Osaka, Japan).

Plant materials. The bark of P. nigra×maximowiczii

was obtained from Department of Forest Biomaterials

Engineering, Kangwon National University, Chuncheon,

Korea, and the voucher specimen (No. RIC-051) was

deposited and maintained at the Herbarium of Regional

Innovation Center, Chuncheon, Korea.

Extraction and isolation. The air-dried and ground

barks of P. nigra (1.5 kg) were extracted (3 days) with

acetone-H
2
O (7:3, v/v) three times at room temperature.

After filtration and evaporation of the solvent under

reduced pressure, the combined crude acetone extract

(205 g) was suspended in H
2
O and then successively

partitioned with n-hexane (n-Hex), methylene chloride

(CH
2
Cl

2
), and ethyl acetate (EtOAc) to afford n-Hex-(2.5

g), CH
2
Cl

2
-(15.1 g), EtOAc-(23.0 g), and water-soluble

extract. A portion of the EtOAc-soluble fraction (21.4 g)

was subjected to a Sephadex LH-20 column (500×900

mm) eluted with MeOH–H
2
O (3:1, v/v) to give six

fractions on the basis of TLC experiments. Fraction 3

(1.10 g) was separated over a Sephadex LH-20 column

(200×600 mm) using MeOH-H
2
O (1:2 and 1:4, v/v) as

eluting solvent to give 120 mg of compound 1.

Compound 1 (Populoside): Yellow amorphous powder;

-3.27 (c 0.05 MeOH); UV (MeOH) λ
max

 (log e)

220.0 (4.23), 333 (4.21) nm; m.p.: 168-169; IR (KBr)

λ
max

−1

 3400, 1700, 1600, 1370, 1280, 1160, 1100, 1050,

760; Positive FAB MS: [M+H]
+

 at m/z 449, [M+Na]
+

 at

m/z 471. 
1

H-NMR (400MHz, δ, CD
3
OD) : 3.3-3.5 (4H, br

m, H- 2', 3', 4', 5'), 3.70 (1H, dd, J=5.1, 12.0 Hz, Ha-6'),

3.89 (1H, dd, J=1.8 and 1.7, 12.1 Hz, Hb-6'), 4.93 (1H, d,

J=7.3 Hz, H-1'), 5.30 (1H, d, J=12.7 Hz, Ha-7), 5.42 (1H,

d, J=12.8 Hz, Hb-7), 6.30 (1H, d, J=15.9 Hz, H-8"), 6.77

(1H, d, J=8.3 Hz, H-5"), 6.94 (1H, dd, J=2.1, 8.2 Hz, H-

6"), 7.04 (2H, m, H-4, H-2"), 7.23 (1H, br d, J=7.8 Hz, H-

6), 7.29 (1H, td, J=1.6 Hz, 8.1Hz, 7.81 Hz H-5), 7.36

(1H, dd, J=1.2, 0.9, 7.4 Hz, H-3), 7.58 (1H, d, J=15.9 Hz,

H-7"). 
13

C-NMR (400 MHz, δ, CD
3
OD): 62.55 (C-6'),

62.62 (C-7), 71.34 (C-4'), 74.99 (C-2'), 78.04 (C-3'),

78.24 (C-5'), 102.92 (C-1'), 115.06 (C-8"), 115.18 (C-2"),

116.52(C-5"), 116.71 (C-6), 123.08 (C-6"), 123.54 (C-4),

127.22 (C-1"), 127.74 (C-2), 130.41(C-5), 130.68 (C-3),

146.83 (C-3"), 147.26 (C-7"), 149.66 (C-4"), 157.01 (C-

1), 169.31 (C-9").

Measurement of human recombinant aldose reductase

(rhAR) activity. The rhAR activities were assayed

spectrophotometrically by measuring the decrease in

absorption of NADPH at 340 nm over a 5-min period

with DL-glyceraldehyde as a substrate. Each 1.0-mL

cuvette contained equal units of enzyme, 0.10 M sodium

phosphate buffer (pH 6.2), 0.3 mM NADPH, 10 mM

substrate, and an inhibitor. The concentration of inhibitor

giving 50% inhibition of enzyme activity (IC
50

) was

calculated from the least-squares regression line of the

logarithmic concentrations plotted against the residual

activity [Lee et al., 2008].

Determination of inhibition-type of rhAR by active

compound. Reaction mixtures consisted of 0.1 M

potassium phosphate (pH 7.0), 0.16 mM NADPH, 2 mM

rhAR with varied concentrations of substrate DL-glycer-

aldehyde in a total volume of 200 μL. Concentrations

ranged from 0.02 to 0.2 mM for DL-glyceraldehyde. After

substrate addition, rhAR activity was assayed spectro-

photometrically by measuring the decrease in absorption

of NADPH at 340 nm using BioTek Power Wave XS

spectrophotometer (BioTek Instruments, Vermont, USA).

Determination of sorbitol in human erythorocytes.

Human blood was obtained from a healthy male

volunteer, who was fully informed of the intent of the

present study and gave written consent. Erythrocytes

from heparinized blood were separated from the plasma

and buffy coat by centrifugation at 3,000×g for 30 min.

The cells were routinely washed three times with isotonic

saline at 4
o

C. After the final washing, the cells were

centrifuged at 2,000×g for 5 min to obtain a consistently

packed cell preparation. The packed cells (1 mL) were

then incubated in a Krebs-Ringer biocarbonate buffer (pH

7.4, 4 mL) containing 28 mM glucose in the presence or

absence of samples at 37
o

C in 5% CO
2
 for 3 h. The

erythrocytes were washed with cold saline by centrifugation

α[ ]
D
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at 2,000×g for 5 min, precipitated by adding 6% of cold

perchloric acid (3 mL), and centrifuged again at 2,000×g

for 10 min. The resultant supernatant was carefully

neutralized to pH 7 with K
2
CO

3
. This neutralized mixture

was allowed to stand on ice for over 60 min and then

centrifuged to remove the KClO
4
 precipitate. HPLC

analysis for sorbitol in the blood was performed with the

resulting supernatant after being benzoylated [Ueda et al.,

2004]. Benzoylation of processed samples and standard

sugar/sugar alcohols was performed according to the

method of Oehlke with slight modification [Oehlke et al.,

1994].

Chromatographic analysis. The samples were analyzed

using a Dionex HPLC System equipped with an

autosampler (ASI 100), a column oven (STH 585), a UV

detector (UVD 170S), quaternary pumps (P580), and

Chromelone software version 4.1. The separation was

achieved on a 250×4.6 mm i.d., 4 μm J’Sphoro ODS-H80

(YMC, Name of City, Japan). The elution solvents were

water (A) and acetonitrile (B) with the following

gradient: 70 to 80% B from 0 to 5 min, 80 to 83% B from

5 to 30 min, and 83 to 100% B from 30 to 33 min,

isocratic at 100% from 33 to 38 min, 100 to 70% B from

38 to 40 min, and at 70% B from 40 to 45 min to

equilibrate the column for the next injection. UV

chromatograms were monitored at 228 nm.

Results and Discussion

In our ongoing attempt to find natural ARIs, the bark

extract of P. nigra was evaluated with regard to its

potential inhibitory effects on rhAR. To identify the

active compound from P. nigra, the extract was divided

into five systematic fractions, which were then tested for

AR inhibitory activity using DL-glyceraldehyde as a

substrate. The EtOAc fraction was found to exhibit the

strongest AR inhibitory activity, with IC
50

 of 8.45 μg/mL

(Table 1). This finding suggested that many ARIs were

likely to be contained in the EtOAc-soluble fraction.

Therefore, the present study focused specifically on the

isolation of the ARI compounds contained within this

fraction.

An active principle that was a potent AR inhibitor was

isolated from the EtOAc fraction of P. nigra, and its

chemical structure was elucidated as a populoside according

to the spectral analysis and comparison with the

published data in the literature [Pearl and Darling, 1970].

The chemical structure of populoside is shown in Fig. 1.

To the best of our knowledge, populoside has not been

reported to exhibit any inhibitory activity towards rhAR.

Populoside inhibited AR in a concentration-dependent

manner; its IC
50

 value was 18.55 μM, which is similar to

that of quercetin (15.98 μM) (Table 1). Epalrestat, an

aldose reductase inhibitor, showed a significant inhibition

on AR activity with an IC
50

 value of 0.63 μM. The type of

inhibition was determined by conducting a kinetic study

using DL-glyceraldehyde as the substrate at 0.2-2 mM. A

kinetic analysis of AR inhibition by populoside using

Lineweaver-Burk plots of 1/velocity vs. 1/concentration

of substrate is shown in Fig. 2. When the concentration of

the substrate DL-glyceraldehyde was changed, the slopes

obtained from the uninhibited enzyme and the two

different concentrations of populoside were found to

converge at the Kms in the reciprocal plot. The results

Table 1. Inhibitory Effect of extract, its fractions, and

active compound from the bark of P. nigra on human

recombinant aldose reductase

Extract and 

Fractions

Concentration

(μg/mL)

Inhibition

(%)

IC
50

(μg/mL, μM
 a

)

Acetone Extract 10 55.08 9.20

5 24.69

1 3.35

Hexane fr. 10 11.45

Methylene chloride fr. 10 19.65

Ethylacetate fr. 10 60.79 8.45

5 25.98

1 5.59

Water fr. 10 5.32

Populoside 18.55
a

Epalrestat 0.63
a

Quercetin 15.98
a

Fig. 1. Chemical structure of populoside isolated from the bark of Populus nigra.
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show that the inhibition of rhAR by populoside was non-

competitive, indicating that the inhibitor was unable to

bind to the substrate-binding region. Thus far, ARIs that

have been subjected to enzyme kinetic studies have

demonstrated inhibitory activity by binding to a site

independent of the substrate- or cofactor (NADPH)-

binding sites [Kato et al., 1991; Ward et al., 1991].

Activation of the polyol pathway leads to the

accumulation of sorbitol in various tissues such as the

lens of eye and nerves, and other tissues [Gabbay, 1973].

Sorbitol content in erythrocyte has been shown to reflect

the sorbitol level in the lens and the sciatic nerves and

may be considered as a useful indicator for determining

the sorbitol contents of other tissues. Furthermore, sorbitol

content has been suggested as an index of metabolic

control in diabetes [Malone et al., 1980; Vertommen et

al., 1984]. Therefore, the effects of populoside on sorbitol

accumulation in human erythrocytes were investigated.

Table 2 shows accumulation of sorbitol in erythrocytes

when incubated in a medium containing glucose. Populoside

and quercetin as a positive control inhibited the sorbitol

accumulation by 40.84 and 71.2% respectively at 50 μM,

when the accumulated sorbitol concentration in erythrocyte

incubated without inhibitors was assumed to be 100%.

These results suggest that the inhibitory activities of

populoside toward AR may cause the inhibition of

sorbitol accumulation in erythrocytes in vitro. The most

serious problem in diabetes is that complications develop

slowly and cause significant tissue damage before the

clinical signs appear. The possibility of preventing the

onset of diabetes using herbal medicine has attracted

increasing attention. In the present study, the acetone

extract of the bark of P. nigra that contained populoside

demonstrated inhibitory activity toward AR. Furthermore,

populoside suppressed sorbitol accumulation in human

erythrocytes. Thus, this compound may be useful in the

treatment of diabetic complications.
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