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Dihydrochalcone-derived polyphenols from the crabapple tea 
(Malus hupehensis) and their inhibitory effects on α-glucosidase 
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Tai b, Chi-on Chan b, Chi-sing Lee c, Zhengbing Gu d, Daniel K W Mok ⁎b, Sibao Chen ⁎ a,b

Three dihydrochalcone-derived polyphenols, huperolides A-C (1-3), along with thirteen known compounds 
(4-16) were isolated from the leaves of Malus hupehensis, the well-known tea crabapple in China. Their 
chemical structures were elucidated by extensive spectroscopic analysis including NMR (HSQC, HMBC, 1H-1H 
COSY and ROESY), HRMS and CD spectra. Huperolide A is a polyphenol with a new type of carbon skeleton, 
while huperolide B, C are a couple of atropisomers, which isolated from natural source for the first time. The 
antihyperglycemic effects of the isolated compounds were evaluated based on assaying their inhibitory 
activities against α-glucosidase. As a result, phlorizin (4), 3-hydroxyphloridzin (5), 3-O-coumaroylquinic acid 
(12) and β-hydroxypropiovanillone (15) showed significant concentration-dependent inhibitory effects on α-
glucosidase. Therefore, those compounds might be responsible for the antihyperglycemic effect of this herb,
and are the most promising compounds to lead discovery of drugs against diabetes.

1. Introduction
Malus hupehensis (Pamp.) Rehd. commonly named as 
Hupeh crabapple (HPC), Chinese crabapple or tea 
crabapple, is a Chinese native species of flowering plant 
in the apple genus Malus of the family Rosaceae.1 Its 
leaves have been locally used as healthy tea or herbal 
medicine for the treatment of hyperglycaemia for a 
long history, especially in Tujia ethnic minority in Huibei 
Province of China.2,3 Owing to its healthy function and 
safety for human body even after long-time 
consumption, HPC were lately approved as new food 
material by National Health Commission of China.4 Due 
to those cause, HPC has been attracting increasing 
attention by researchers recently. A handful of 
chemical investigations reported HPC contains 
flavonoids, phenols and other organic acids.2, 3, 5-8 As in 
most Malus plants, phenols in HPC, such as the 
dominant compounds phloridzin and 3-
hydoxyphloridzin, are chemically derived from 
dihydrochalcones and responsible for a variety of 
pharmacological activities.9, 10  With respect to 

biological activity, previous reports revealed that either 
extractive or pure compounds from HPC exhibited 
antioxidant,3, 7 hypolipidemic 8 and cardioprotective 5 

activities. However, to date, information about the 
antihyperglycemic chemical components in HPC as well 
as their biological effects remains limited yet, even 
though it indeed has been applied to treat type 2 
diabete in folk medicine for a long history. Therefore, it 
is necessary to explore more active components with 
unique structure from HPC and evaluate their activities 
of inhibiting α-glucosidase. In the present study, we 
conducted comprehensive phytochemical investigation 
to find more bioactive compounds from HPC. 
Subsequently, the activities of inhibiting α-glucosidase 
of isolated compounds were evaluated in vitro. 

2. Material and methods

2.1 General 

Optical rotations were acquired on a Jasco P-2200 
digital polarimeter (Jasco Inc., Tokyo, Japan). NMR 
spectra were measured by Bruker Avance III-400 NMR 
spectrometer (Bruker Inc., Fällanden, Switzerland). 
High-resolution ESI-MS (HR-ESI-MS) data were obtained 
by a Waters Aquity UPLC/Q-TOF mass spectrometer 
(Milford, MA, USA). Preparative HPLC was applied with 
a Rainin pump (Rainin Instrument Co. Inc., Woburn, 
MA, USA), a refractive index detector, and a Cosmosil 
HPLC column (5C18-MS-II, 10 × 250 mm, Nacalai 
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Tesque, Kyoto, Japan). Silica gel and AB-8 macroporous 
resin were purchased from Anhui Liangchen Silicon 
Material Co. Ltd. (Lu’an, Anhui Province, China). 
Synergy H1 Hybrid Multi-Mode Microplate Reader was 
from BioTek (VT, USA). α-glucosidase (Saccharomyces 
cerevisiae, G5003, ≥10 U/mg), phosphate buffered 
saline (PBS) (pH 6.8, 0.1μM), and acarbose, were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). p-
nitrophenyl-D-glucopyranoside (p-NPG) was from 
Tokyo Chemical Industry Co.  LTD, (Tokyo, Japan). 
GraphPad Prism 5.0 was from GraphPad Software, Inc. 
(La Jolla, CA, USA). Ultra-pure water was prepared with 
Millipore water purification system (Massachusetts, 
USA). All other used reagents were analytical grade and 
purchased from Aladdin (Shanghai, China). 

 

2.2 Plant material 

The plant sample was harvested in Yichang city, 
Hubei Province of China in Sep. 2016, and was 
authenticated as the leaves of Malus hupehensis 
(Pamp.) Rehd. by Dr. Sibao Chen, one of author of this 
paper. A voucher specimen (No. HBHT-201609) was 
deposited in the Institute of Medicinal Plant 
Development, Peking Union Medical College & Chinese 
Academy of Medical Sciences. 

 

2.3 Extraction, isolation, and purification procedures 

Air-dried leaves of HPC (10 kg) were pulverized to 
20 mesh and refluxed with 70% ethanol (2×30 L) for 1.5 
h. After filtration and concentrated in vacuo, the 
extracts residual (1.8 kg) was re-dissolved in 2 L water 
then filtered. The filtrate was subjected to column 
chromatography (CC) over AB-8 macroporous resin and 
eluted with 20% and 50% ethanol to get fraction A (401 
g) and B (1011 g), respectively. Fraction A (60 g) was 
subjected to CC over reverse-phase silica gel and eluted 
with a gradient of ethanol/water (5 to 20%, v/v) to get 
seven fractions (Fr.1-7). Fr. 1 was subjected to 
preparative HPLC over RP C-18 (2.0×20 cm, eluted with 
ACN/0.1% acetic acid (3 : 97, v/v) to obtain compound 
2 (100 mg), 3 (50 mg) and 7 (120 mg), respectively. Fr. 4 
was subjected to CC over Sephadex LH-20 and eluted 
with MeOH/H2O (1 : 9, v/v) to obtain 10 (100 mg) and 
16 (100 mg), respectively.  Fr. 5 was firstly purified over 
Sephadex LH-20 column and eluted with MeOH/H2O 
(1:9, v/v), further separated by pre-HPLC over RP C-18, 

eluted with ACN/0.1% acetic acid (1 : 9, v/v) to gain 6 
(1000 mg), 8 (130 mg) and 9 (30 mg), respectively. Fr. 6 
was subjected to CC over Sephadex LH-20 and eluted 
with EtOH/H2O (12:88, v/v) and then separated by pre-
HPLC with eluting solution (10% ACN + 0.1% HAc) to 
gain 11 (200 mg), 14 (40 mg) and 15 (15 mg), 
respectively. Fr. 7 was subjected to CC over Sephadex 
LH-20 and eluted with 3% ethanol and then separated 
by pre-HPLC with eluting solution (5% ACN + 0.1% HAc) 
to gain 1 (10 mg), 12 (30 mg) and 13 (80 mg), 
respectively. Fraction B (60 g) was subjected to CC over 
Sephadex LH-20 and eluted with gradient of 20% to 
50% methanol to get Fr.8-10. Fr. 8 was performed CC 
by preparative HPLC with elution (30% ACN + 0.1% 
HAc) to obtain 4 (100 mg) and 5 (100 mg), respectively.  

 

2.4 α-Glucosidase inhibition assay 

α-Glucosidase inhibitory activity was determined 
using a 96-well microtiter plate, with p-nitrophenyl-D-
glucopyranoside (p-NPG) as the substrate, according to 
a method described previously.11 Briefly, samples were 
dissolved in phosphate buffered saline (PBS) (pH 6.8, 
0.1 μM) to create a stock test solution (2 mg/mL), 
respectively, and then diluted with PBS to create series 
of test solutions with different concentrations for 
enzyme inhibition test. First, 25µL of the test solution 
was mixed with 5 µL of the enzyme solution (0.09375 
U/mL in PBS pH 7.4). Then, the mixed solution was pre-
incubated at 37°C for 5 min. After pre-incubation, 5 µL 
of p-NPG (3 mM in PBS, pH 7.4) was added and then 
incubated at 37°C for 30 min. 150 µL of Na2CO3 was 
added to cease the reaction. The absorbance was 
measured by a Synergy H1 Hybrid Multi-Mode 
Microplate Reader at 400 nm for 60 min, recording the 
absorbance every 5 min. The results were expressed as 
inhibition percentage by means of the formula 
described byas follows:12 Inhibition (%) = [(A0 – As)/A0] × 
100, where A0 is the absorbance recorded for the 
enzymatic activity without inhibitor (control), and As is 
the absorbance recorded for the enzymatic activity in 
presence of the inhibitor (sample). Data were analyzed 
by using GraphPad Prism 5.0. Acarbose was used as 
positive control. 
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Fig. 1  The chemical structures of compounds 1-3 and 
1r. 

 

3. Results and discussion 

3.1 Phytochemical investigation 

Compound 1 was obtained as pale-yellowish 
amorphous powder. The molecular formula was 
deduced as C21H22O12 from HR-ESI-MS (m/z 467.1191 
[M + H]+, calcd. 467.1190) analysis and was consistent 
with 1H  and 13C NMR (Table 1) evidence. Signals at δH 
6.24 (1H, br s, H-3') and 6.13 (1H, br s, H-5') as well as 
signals at δC 96.1 (C-3') and 91.5 (C-5') indicated the 
presence of a 1,2,3,5-tetrasubstituted aromatic ring. 
The anomeric signals at δH 4.99 (1H, d, J = 6.5 Hz, H-1") 
and δC 99.2 (C-1") together with the characteristic 
signals at δC 73.1 (C-2"), 76.5 (C-3"), 69.3 (C-4"), 77.1 (C-
5") and 60.4 (C-6") were attributed to a glucose unit. 
The remaining 1H and 13C NMR signals of 1 were 
assigned to a tri-substituted olefin [δH 6.22 (1H, s, H-5); 
δC 166.6 (C-6), 107.7 (C-5)] conjugated with a ketone 
[δC 198.2 (C-4)], two fully substituted sp3 oxygenated 
carbons [δC 91.9 (C-1), 82.0 (C-3)], a methylene group 
without vicinal protons [δH 1.85 (1H, d, J = 9.6 Hz, H-
2α), 2.83 (1H, d, J = 9.6 Hz, H-2β); δC 46.8 (C-2)], a 
CH2CH fragment [δH 2.00 (1H, dd, J = 12.0, 8.2 Hz, H-7β) 
and 2.57 (1H, dd, J = 12.0, 5.2 Hz, H-7α), 2.50 (1H, dd, J 
= 8.2, 5.2 Hz, H-8); δC 37.8 (C-7), 45.0 (C-8)], and a 
carboxyl group (δC 173.7). The aforementioned NMR 
signals indicated that 1 was closely similar with 9-(β-D-
glucopyranosyloxy)-2, 3, 4, 4a-tetrahydro-7-hydroxy-
2,3-dioxo-4a-dibenzofuranpropanoic acid (1r) (Fig. 1), 
which was reported to have been obtained through 

enzymatic oxidation of phloridzin. 10 Compared the 
NMR data of 1 and 1r (Fig. 1) reported in literature, the 
substantial differences between 1 and 1r are that a 
ketocarbonyl group and a methylene group in 1r were 
replaced by an oxygenated quaternary carbon and a 
methine in 1. Considering the biosynthetic pathway of 
1, there should be a carbon-carbon bond between C-3 
and C-8. The α-methylene of the carboxyl group attacks 
the ketone carbonyl in 1r to form a bridge ring in 1. In 
the HMBC spectrum, a long-range correlation (Fig. 2) 
from δH 2.50 (1H, dd, J = 8.2, 5.2 Hz, H-8) to δC 198.2 (C-
4) permitted the speculation. Carefully analysis of the 
1D and 2D NMR spectra of 1 revealed that the other 
parts of the structure were exactly the same as those of 
1r,10 which were verified by detailed analysis of the 
HMBC correlations (Fig. 2).  

 

Fig. 3  Significant ROESY correlations of 1. 

Fig. 2  Significant HMBC correlations of 1 and 2 
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Table 1  The NMR data of compounds 1-3  (DMSO-d6, 1H NMR in 400 Hz & 13C in NMR in 100 Hz; δ in ppm, J in Hz)  
 
Position 1  1r 10 2  3  2 & 3 10 

δ 1H  δ 13C δ 1H  δ 13C  δ 1H  δ 13C δ 1H δ 13C   δ 1H δ 13C  
1 ― 91.9  ― 89.2  ― 124.8  ― 124.7  ― 124.0 
2 1.85 (1Hα, d, 9.6) 

2.83 (1Hβ, d, 9.6) 
46.8  3.39, 3.32, m 49.9  ― 131.3  ― 131.3  ― 131.4 

3 ― 82.0  ― 192.4  6.55 (1H, s) 115.4  6.57(1H, s) 115.4  6.56, s 115.5 

4 ― 198.2  ― 178.9  ― 143.6  ― 143.7  ― 142.3 

5 6.22 (1H, s) 107.7   114.7  ― 142.3  ― 142.4  ― 144.0 

6 ― 166.6  ― 165.8  6.35 (1H, s) 119.2  6.39 (1H, s) 118.9  6.36, s 119.3 

7 2.00 (1Hβ, dd, 12.0, 8.2) 
2.57 (1Hα, dd, 12.0, 5.2) 

37.8  2.10, 2.16, m 39.3  2.33-2.47 (2H, m) 27.9  2.34-2.44 (2H, m) 27.8  2.39, 2.46, m 27.9 

8 2.50 (1H, dd, 8.2, 5.2)* 45.0  1.84, 2.08, m 28.5  2.22 (2H, t, 8.0) 34.9  2.25 (2H, t, 7.9) 35.0  2.25, m 34.8 

9 ― 173.7  ― 173.4  ― 174.7  ― 174.7  ― 174.7 

1’ ― 101.8  ― 104.1  ― 109.1  ― 109.2  ― 109.2 

2’ ― 156.9  ― 157.7  ― 156.4  ― 156.5  ― 156.5 

3’ 6.24 (1H, br s) 96.1  6.30, m 97.1  6.06 (1H, d, 2.0) 93.9  6.11(1H, d, 1.9) 94.5  6.05, d, 2.2 96.5 

4’ ― 166.3  ― 167.9  ― 157.2  ― 157.1  ― 157.1 

5’ 6.13 (1H, br s) 91.5  6.11, m 91.9  6.04 (1H, d, 2.0) 96.4  6.05 (1H, d, 1.9) 94.5  6.07, d, 2.2 94.0 

6’ ― 166.4  ― 167.2  ― 155.9  ― 156.0  ― 155.7 

1’’ 4.99 (1H, d, 6.5) 99.2  4.99, d, 7 100.0  4.68 (1H, d, 7.8) 100.4  4.65 (1H, d, 7.8) 101.0  4.69, d, 7.9 100.4 

2’’ 3.28 (1H, m)** 73.1  3.25, m 69.7  2.91 (1H, dd, 8.9, 7.8) 73.1  2.93 (1H, dd, 8.9, 7.8) 73.4  2.90, m 73.3 

3’’ 3.29 (1H, m)** 76.5  3.34, m 76.9  3.18 (1H, m) 76.8  3.16 (1H, m) 76.6  3.18, m 76.9 

4’’ 3.20 (1H, t-like, 8.8) 69.3  3.35, m 73.4  3.08 (1H, t, 9.2) 69.6  3.08 (1H, t, 9.1) 69.5  3.10, m 69.0 

5’’ 3.34 (1H, br dd, 8.8, 
4.4) 

77.1  3.38, m 77.4  3.19 (1H, m) 76.9  3.17 (1H, m) 77.0  3.17, m 76.9 

6’’ 3.49 (1H, dd, 11.3, 4.4) 
3.67 (1H, br d, 11.3) 

60.4  3.52, 3.71, m 60.8  3.47 (1H, dd, 11.8, 5.3) 
3.68 (1H, br d, 11.8) 

60.7  3.46 (1H, dd, 11.8, 5.2) 
3.67 (1H, br d, 11.8) 

60.7  3.67, 3.49, m 60.8 

               

*Overlapped signal. 
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The detectable ROESY correlations (Fig. 3) of H-
2β↔H-7α and H-7β↔H-8 allowed the assignment of 
the relative configuration of the bridge ring moiety.  

In order to assist the assignment of the absolute 
configuration of compound 1, the electronic circular 
dichroism (ECD) spectrum was recorded. The absolute 
configuration of 1 was established by the comparison 
of experimental and calculated ECD spectra of the two 
isomers 1a and 1b. By using the Gaussian 09 software 
package, the selected conformers were optimized at 
the B3LYP/6‐31G (d, p) level of theory. The theoretical 
calculations of ECD were performed using 
time‐dependent density functional theory (TD‐DFT) at 
B3LYP/6‐31G (d, p) level in MeOH with IEFPCM model. 
As shown in Fig. 4, the calculated ECD spectra of 1a 
matched with the experimental curve. Therefore, the 
absolute configuration of 1was determined as 1R, 3R, 
8S. Finally, the structure of 1 was established as shown 
in Fig. 1 and named as huperolide A. Queried by 
SciFinder, compound 1 represented a new type of 
carbon skeleton. 

Compound 2 was obtained as a white amorphous 
powder with rotation [α]20

D  –28.2 (c = 0.89, MeOH). The 
molecular formula of C21H24O12 was determined on the 
basis of HR-ESI-MS at m/z 491.1162 (calcd. for 
C21H24O12Na, 491.1165) and was consistent with its 1H 
and 13C NMR data (Table 1), accounting for 10 degrees 
of hydrogen deficiency. The ion fragment at m/z 
307.0829 [M+H–162]+ suggested the presences of a 
glucose moiety. The 1H NMR spectrum (Table 1) 
showed the signals for a characteristic anomeric proton 
signal at δH 4.68 (1H, d, J = 7.8 Hz), a 1,2,4,5-
tetrasubstituted benzene ring moiety [δH 6.55 (1H, s, H-
3) and 6.35 (1H, s, H-6)], as well as a 1,2,3,5-
tetrasubstituted benzene ring moiety [δH 6.06 (1H, d, J 
= 2.0 Hz, H-3') and 6.04 (1H, d, J = 2.0 Hz, H-5')]. The 13C 
NMR spectrum (Table 1) showed a total of 21 carbon 
resonances, comprising one carboxyl carbon (δC 174.7), 
six oxygenated sp3 carbon signals due to a glucose unit, 
12 aromatic carbons from two benzene rings, and two 
up-field sp3 methylenes (δC 34.9, 27.9) by the DEPT and 
HSQC analyses. Connectivity of the two 
tetrasubstituted benzene ring moieties through C-1–C-
1' was revealed by the HMBC cross-peaks from δH 6.35 
(1H, s, H-6) to δC 131.3 (C-2), 143.6 (C-4) and 109.1 (C-
1'). The presence of a propanoic acid moitey at C-2 was 
confirmed by the HMBC cross-peaks (Fig. 2) from δH 
2.33-2.47 (2H, m, H-7) and 2.22 (2H, t, J = 8.0 Hz, H-8) 
to δC 174.7 (C-9), from H-8 to δC 131.3 (C-2), and from 
δH 6.55 (1H, s, H-3) to δC 124.8 (C-1) and 27.9 (C-7). 
Furthermore, in the HMBC spectrum, the long-range 
correlations from δH 4.68 (1H, d, J = 7.8 Hz, H-1") to δC 
(156.4, C-2') allowed us to locate the glucose moiety at 
C-2'. The glucopyranoside was β-configuration on the 
ground of a large coupling constant (3J1”,2” = 7.8 Hz) of 
the anomeric proton. Therefore, the structure of 2 was 
established as 3-(4,5,2',4'-tetrahydroxy-6'-β-D-
glucopyranosyloxy-[1,1'-biphenyl]-2-yl)propanoic acid, 
as shown in Fig. 1. 

Compound 3 was also obtained as a white amorphous 
powder with rotation [α]20

D  –21.2 (c = 0.58, MeOH). 
Compared with 2, compound 3 exhibited the same 
chemical formula and spectral characteristics in terms 
of MS, 1D and 2D NMR (Table 1), which indicated that 3 
possessed the same planar structure with 2. And the 

subtle differences between the two compounds were 
their reverse-phase chromatographic behaviours and 
chemical shifts in individual places. Further analysis on 
the structure, the C1–C1' central biaryl axis was found 
to be restricted due to steric effects of the propionic 
acid group and glucose moiety. The above information 
gave us a clear hint that 2 and 3 were a pair of atropo-
diastereomers. In order to determine the absolute 
configuration of the chiral-axis of 2 and 3, the 
electronic circular dichroism (ECD) spectra of both 
isomers were recorded. Absolute configurations of the 

Fig. 4  Structures of 1a and 1b and experimentally 
observed (blue) and theoretically calculated (1a red; 
1b green) ECD curves. 
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two axis isomers were deduced by comparison of their 
experimental and calculated ECD spectral curves. As 
shown in Figure 5, compounds 2 and 3 provided nearly 
mirror-imaged ECD curves. Eventually, the absolute 
configuration of the chiral-axis of 2 was determined as 
P helicity at C1-C1' axis, while 3 as M helicity. Finally, 
the structures of 2 and 3 were established as shown in 
Fig. 1 and named as huperolides B and C, respectively. 
Through literature research, we found that compounds 
2 and 3 were previously reported as a mixture derived 
by enzymatic oxidation of phloridzin with no detailed 
NMR data10. Herein, huperolides B and C as monomeric 
natural products were obtained from nature for the 
first time, and the absolute configurations of the chiral- 

Fig. 5  Experimentally observed (blue) and theoretically 
calculated (red) ECD curves of 2 and 3. 

axis and complete assignments of the NMR data are 
also reported for the first time in the current study.  

Known compounds were elucidated by comparing 
their NMR spectroscopic data with those reported in 
the literature. As a result, 7–11 and 14 were isolated 
from HPC for the first time. 

Phlorizin (4),10 white powder. 1H-NMR (DMSO, 400 

MHz) δ 7.04 (2H, d, J = 8.4 Hz), 6.65 (2H, d, J = 8.4 Hz), 
6.13 (1H, d, J = 2 Hz), 5.93 (1H, d, J = 2 Hz), 4.95 (1H, m), 
3.32(1H, m), 3.41 (1H, m), 2.75 (2H, t, J = 6.4 Hz), 
3.31~3.51 (5H, m, H-glu). 13 C-NMR (DMSO, 100 MHz) δ 
205.0, 165.9, 164.9, 161.3, 155.7, 132.0, 129.6 (2C), 
115.4 (2C), 105.4, 101.3, 97.4, 94.9, 77.7, 77.2, 73.7, 
69.9, 61.0, 45.4, 29.5. 

3-hydroxyphloridzin (5),10 white powder. 1H-NMR 
(DMSO, 400 MHz) δ 6.75 (1H, d, J = 2 Hz), 6.74 (1H, dd, 
J = 8.4, 2 Hz), 6.72 (1H, dd, J = 8.4, 2 Hz), 6.70 (1H, d, J = 
2 Hz), 6.62 (2H, d, J = 2 Hz), 3.50 (1H, m), 3.61 (1H, m), 
2.85 (2H, t, J = 6.4 Hz), 5.01 (1H, m), 3.37~3.52 (6H, m, 
H-glu). 13 C-NMR (DMSO, 100 MHz) δ 205.2, 166.1, 
164.5, 160.9, 146.3, 144.6, 133.3, 119.3, 117.3, 115.2, 
105.5, 100.7, 97.0, 94.1, 77.1, 77.0, 73.3, 69.7, 61.0, 
47.7, 29.8.  

Chlorogenic acid (6),13, 14 white powder. 1H-NMR 
(DMSO, 400 MHz) δ 7.42 (1H, d, J = 16 Hz), 6.16 (1H, d, 
J = 16 Hz), 7.04 (1H, d, J = 2 Hz), 6.99 (1H, dd, J = 8, 2 
Hz), 6.77 (1H, d, J = 8 Hz), 5.09 (1H, m), 4.89 (1H, m), 
3.94 (1H, t, J = 3.2 Hz), 1.96~2.05 (4H, m); 13 C-NMR 
(DMSO, 100 MHz) δ 175.5, 166.2, 148.8, 146.0, 145.4, 
126.1, 121.8, 116.2, 115.2, 114.8, 74.0, 71.4, 71.0, 68.7, 
37.7, 36.9.  

Protocatechuic acid (7),15 white powder. 1H-NMR 
(DMSO, 400 MHz) δ 8.36 (1H, d, J = 2 Hz), 8.09 (1H, dd, J 
= 2, 8.4 Hz), 7.33 (1H, d, J = 8.4 Hz); 13 C-NMR (DMSO, 
100 MHz) δ 170.2, 152.9, 147.8, 124.8, 124.6, 119.1, 
117.0. 

Cryptochlorogenic acid (8),13 white powder. 1H-NMR 
(DMSO, 400 MHz) δ7.51 (1H, d, J = 16 Hz), 6.28 (1H, d, J 
= 16 Hz), 7.05 (1H, s), 7.00 (1H, d, J = 8.4 Hz), 6.77 (1H, 
d, J = 8.4 Hz), 4.88 (1H, d, J = 6.3 Hz), 4.67 (1H, dd, J = 
3.6, 6.3 Hz), 4.02 (1H, m), 1.91-2.03 (4H, m); 13 C-NMR 
(DMSO, 100 MHz) δ 175.7, 166.8, 148.8, 146.1, 145.3, 
126.1, 121.7, 116.3, 115.2, 115.1, 77.5, 74.5, 67.0, 64.3, 
41.3, 38.1. 

Neo-chlorogenic acid (9),13 white powder. 1H-NMR 
(DMSO, 400 MHz) δ7.46 (1H, d, J = 16 Hz), 6.20 (1H, d, J 
= 16 Hz), 7.03 (1H, d, J = 2 Hz), 6.97 (1H, dd, J = 8, 2 Hz), 

6.77 (1H, d, J = 8 Hz), 5.20 (1H, m), 4.86 (1H, d, J = 4.4 
Hz), 3.86 (1H, m), 1.85~2.03 (4H, m). 13 C-NMR (DMSO, 
100 MHz) δ 176.6, 166.5, 148.6, 146.0, 144.9, 126.2, 
121.5, 116.3, 115.5, 115.1, 73.4, 71.7, 71.4, 67.8, 38.3, 
35.6. 

Caffeic acid (10),13 white powder. 1H-NMR (DMSO, 400 
MHz) δ 7.60 (1H, d, J = 16 Hz), 6.32 (1H, d, J = 16 Hz), 
7.06 (1H, s), 6.96 (1H, d, J = 8 Hz), 6.79 (1H, d, J = 8 Hz). 
13 C-NMR (DMSO, 100 MHz) δ 167.6, 148.0, 145.4, 
145.3, 126.6, 121.5, 115.1, 114.4, 113.7.  
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p-hydroxy-phenylpropionic acid (11),16  white powder. 
1H-NMR (DMSO, 400 MHz) δ 7.04 (2H, d, J = 8.4 Hz), 
6.71 (2H, d, J = 8.4 Hz), 2.82 (2H, t, J = 7.6 Hz), 2.56 (2H, 
t, J = 7.6 Hz); 13 C-NMR (DMSO, 100 MHz) δ 175.5, 
155.3, 131.5, 128.8 (2C), 114.8 (2C), 35.7, 29.8.  

3-O-coumaroylquinic acid (12),17 white needle crystal. 
1H-NMR (DMSO, 400 MHz) δ 7.53 (2H, d, J = 8 Hz), 7.50 
(1H, d, J = 16 Hz), 6.32 (1H, d, J = 16 Hz), 6.80 (2H, d, J = 
8 Hz), 5.11 (1H, m), 4.87 (1H, m), 3.95 (1H, m), 
1.78~2.00 (4H, m). 13 C-NMR (DMSO, 100Hz) δ 175.7, 
166.4, 160.3, 144.9, 130.7 (2C), 125.6, 116.2 (2C), 
115.1, 73.8, 71.4, 70.4, 68.4, 37.7, 36.5.  

p-coumaric acid (13),18 white powder. 1H-NMR (DMSO, 
400 MHz) δ 7.63 (2H, d, J = 8 Hz), 6.74 (2H, d, J = 8 Hz), 
6.67 (1H, d, J = 12.4 Hz), 5.74 (1H, d, J = 12.4 Hz). 13 C-
NMR (DMSO, 100 MHz) δ 168.7, 158.8, 140.4, 132.6 
(2C), 126.4, 118.6, 115.3 (2C). 

phloroglucinol (14),10  white powder. 1H-NMR (DMSO, 
400 MHz) δ 8.94 (3H, s, OH), 5.66 (3H, s). 13 C-NMR 
(DMSO, 100 MHz) δ 159.4 (3C), 94.5 (3C). 

β-hydroxypropiovanillone (15),19  white powder. 1H-
NMR (DMSO, 400 MHz) δ 7.51 (1H, d, J = 7.6 Hz), 6.87 
(1H, d, J = 7.6 Hz), 7.45 (1H, s), 3.83 (3H, s, OCH3), 3.76 
(2H, t, J = 6 Hz), 3.06 (2H, t, J = 6 Hz). 13 C-NMR (DMSO, 
100 MHz) δ 197.2, 152.1, 148.0, 129.4, 123.5, 115.4, 
111.6, 57.7, 56.0, 41.1.  

3-hydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-1-
propanone (16).20 white powder. 1H-NMR (DMSO, 400 
MHz) δ 7.25 (2H, s), 3.83 (2H, t), 3.10 (2H, t), 3.78 (6H, 
s). 13 C-NMR (DMSO, 100 MHz) δ 197.8, 148.0 (2C), 
141.3, 127.9, 106.5 (2C), 57.7, 56.5 (2C), 41.2.  

 

3.2 Inhibitory activity on α-glucosidase 

The antihyperglycemic effects of the isolated 
compounds were evaluated by detecting their 
inhibition on α-glucosidase with acarbose as positive 
control. As a result shown in Fig. 6, compared to the 
positive control, compounds 4, 5, 12 and 15 exhibited 
more significant inhibitory effects in a concentration-
dependent manner (Fig. 6a), with the IC 50 values of 
152.9, 39.03, 406.4 and 257.8 μg/mL, respectively. 
Meanwhile, 3, 7, 10 and 14 showed similar inhibition of 
that of acarbose (IC50 = 458.5 μg/mL) with IC 50 values 
of 641.8, 778.2, 646.0 and 604.6 μg/mL, respectively, as 
well as, 1, 2, 8 and 9 inhibited  α-glucosidase weakly 
with  IC 50 values of 897.0, 1175.0, 1598.0 and 1233.0 
μg/mL, respectively (Fig. 6b). However, no inhibition 
was observed regarding to 6, 10, 11 and 13 (Fig. 6b). 
Therefore, those compounds might be responsible for 
the hypoglycemic effect of this herb, 4, 5, 12 and 15 are 
the most promising compounds to lead discovery of 
drugs against diabetes. 

 
4. Conclusions 

The present study aimed to discover 
antihyperglycemic agents from the leaves of Malus 
hupehensis (Pamp.) Rehder (HPC), a well-known 
healthy tea and folk herb medicine for the treatment of 
type 2 diabete in China. As a result, a dihydrochalcone-
derived polyphenol with novel carbon skeleton and two 
naturally occurring atropisomers, together with 13 
known compounds were isolated and identified. 
Meanwhile, the isolated compounds were tested in 
terms of inhibitory actions against α-glucosidase.  As a  
result, phlorizin (4), 3-hydroxyphloridzin (5), 3-O-
coumaroylquinic acid (12) 
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and β-hydroxypropiovanillone (15) showed significant 
concentration-dependent inhibition while compared to 
the positive control, acarbose. The abovementioned 
results displayed that like others Malus plants, HPC is 
abundant in polyphenols with chemical diversity. And 
these polyphenols, particularly phlorizin (4), 3-
hydroxyphloridzin (5) are likely to be effective anti-
diabetes components of HPC. Thus, our research 
revealed HPC is a promising herb for treatment of 
diabetes, further studies on this herb will probably lead 
to the discovery of drugs against diabetes. 
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