
Beneficial effects of polyphenols from aronia berries on life-style related diseases
○Takuya Yamane1,2, Miyuki Kozuka3, Momoko Imai1,4, Satoshi Handa1, Naoki Harada1, Shigeo Takenaka1, 

    Ryoichi Yamaji1, Tatsuji Sakamoto1, Tetsuo Ishida5, Hiroshi Inui1, Takenori Nakagaki2, Yoshihisa Nakano1

1Ctr. for Res. Development Bioresources, Osaka Prefecture Univ., Japan, 2Inst. of Food Sci., Nakagaki Consulting Engineer and Co., Ltd, 

Japan, 3Dept of Health Nutr., Faculty of Human Sci., Hokkaido Bunkyo Univ., Japan, 4Dept of Food Nutr. Mgmt. Studies, Faculty of Human 

Development, Soai Univ., Japan, 5Dept of Chem., Faculty of Sci., Univ. of the Ryukyus, Japan

                                           Abstract
 Aronia berries and their derivatives have beneficial effects on lifestyle-related 

diseases. Drinking of aronia juice reduced the blood glucose levels of type 2 

diabetes and obesity model KKAy mice. Cyanidin 3,5-diglucoside, a metabolite of 

the berries, inhibited dipeptidyl peptidase IV (DPP IV) activity. However, the 

mechanisms of the beneficial effects are only partly elucidated. In this study, to find

bioactive polyphenols in aronia juice, polyphenols were isolated from the juice and 

their health effects were examined. Aronia juice contained various polyphenols that 

inhibited α-glucosidase, DPP IV, hydroxymethylglutaryl-CoA (HMG-CoA) reductase 

and lipid accumulation, respectively. Cyanidin 3,5-diglucoside showed an anti-

diabetic effect but no anti-obesity effect. The effect of HMG-CoA reductase inhibiting 

polyphenols on cholesterol levels of obesity model mice is under investigation.
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Conclusions

Aronia melanocarpa

Reduction of blood glucose and HbA1c levels of KKAy mice by cyanidin 3,5-diglucoside
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Caffeoylquinic acids from aronia juice inhibit both dipeptidyl peptidase IV and alpha-glucosidase activities
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Anti-obesity effects of aronia juice and two probable mechanisms

Isolation of HMG-CoA reductase inhibitors from aronia juice
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Fig.4. The positive ESI-CID-MS/MS/MS spectrum of F2 in comparison

with the positive ESI-MS/MS spectrum of petunidin. 

The product ion (m/z 317.02, B) obtained using CID from the ion

(m/z 611, A) detected in F2 was subjected to CID to give the ions 

shown in C. (D) Positive ESI-MS/MS spectrum of petunidin.

Fig.5. The positive ESI-CID-MS/MS/MS spectrum of a F1 

component in comparison with that of delphinidin 3-O-

galactoside. 

The product ion (m/z 303.00, B) obtained using CID from the

ion (m/z 435, A) detected in F1 was subjected to CID to give 

the ions shown in C. (D) The product ion (m/z 303) obtained 

using CID of the delphinidin 3-O-galactoside ion was 

subjected to CID.

Fig.6. HPLC profiles of PMP derivatives of standard 

monosaccharides and the sugars liberated from the 

peak fractions 8 and 10.

Fig. 3. Chromatographic separation of Wakogel fraction 4 on an InertSustain

 C18 column.

(A) Chromatogram of Wakogel fraction 4. Twelve elution peaks (indicated by numbers) 

were detected and separately collected (InertSustain fractions 1–12). (B) Inhibitory 

activity against HMG-CoA reductase was assayed for all fractions. (C) Comparison of 

the inhibitory activities of peak fractions 3, 8, 9 and 10. (D) Absorption spectra of fractions 8 

and 10. Each sample was appropriately diluted with 0.1% aqueous formic acid before the 

measurement. Values are means ± S.E (n = 5). Statistically significant: **p<0.01, *p<0.05.

Fig. 1. Effect of aronia juice on HMG-CoA reductase activity.

 HMG-CoA reductase activity was measured in the presence and 

absence of aronia juice. Values are means ± S.E (n = 5). 

Statistically significant: *p<0.05.

Fig. 2. Inhibitory activity of the chromatographic fractions. 

Each fraction obtained using Cosmosil 50C18 column chromatography 

(Wakogel fractions 1–5) was added to the reaction mixture, and the

initial velocity was measured. Values are means ± S.E. (n = 5). 

Statistically significant: *p<0.05.

Fig.4. The MS3 spectrum of F3-4 in 

comparison with the MS2 spectrum 

of quercetin 

The product ion (m/z 303.0, B) from the ion 

(m/z 627.2, A) was detected in F3-4 was 

subjected to CID to give the ions shown in 

C. D. Positive ESI-MS/MS spectrum of quercetin.

Fig.3. Purification of inhibitors against arrdc3 

expression from F1 and F3 using HPLC on an 

InertSustain C18 column

A. Chromatogram of F1. Two elution peaks

(F1-1 and F1-2) were separately collected. 

B. Chromatogram of F3. Five elution peaks 

(F3-1, F3-2, F3-3, F3-4, and F3-5) appeared and 

were separately collected. C. Inhibitory activity 

against arrdc3 expression. 

Values are means ± S.E (n = 5). 

Statistically significant: **p<0.01.

Fig.2. Effect of aronia juice and its fractions on the lipid accumulation in 3T3-L1 cells

A. Cell viabillity of 3T3-L1 cells against aronia juice. B. Inhibition of lipid accumulation in 3T3-L1 cells 

treated with aronia juice. C. Expression of arrdc3 mRNA during differentiation. D. Inhibition of 

lipid accumulation in 3T3-L1 cells treated with the aronia juice fractions.  

Fig.1. Effect of aronia juice on the white adipose 

cell volume and the arrdc3 expression in KKAy 

and C57BL6 mice

 KKAy and C57BL6 mice fed an aronia juice or water f

or 28 days. A. H-E staining of the white adipose tissues. 

The cell area was measured, and the results are shown 

Fig. 1B.  C. Expression levels of arrdc3 mRNA in KKAy

and C57BL6 mice. 

Fig.1. Purification of α-glucosidase inhibitors 

from aronia juice.

  Aronia juice was chromatographically separated

into 5 fractions and α-glucosidase activity of each

fraction was measured. The fraction 1 (F1) inhibited 

the enzyme. Values are means ± S.E (n = 5).

*p<0.05, **p<0.01.

Fig.2. Purification of α-glucosidase inhibitors from

F1 using HPLC on an InertSustain C18 column.

A. Chromatogram of F1 (see Fig. 1). Two elution peaks (F1-1 and F1-2) were separately collected. 

B. Absorption spectra of F1-1 and F1-2. After appropriate dilution with 0.1% aqueous formic, the 

spectra were measured using a Shimadzu UV-vis spectrophotometer (UV-2550).

Fig.3. Characterization of F1-1 and F1-2 using LC-MS.

A. Mass spectrum of F1-1. The inset shows the MS/MS spectrum of 

the ion with m/z 355.0.  B. Mass spectrum of F1-2. The inset shows the 

MS/MS spectrum of the ion with m/z 355.0. C. Comparison of the elution 

profile of F1-1 and F1-2 with those of authenticsamples of 5-CQA (1), 

3-CQA (2), 4-CQA (3). D. Chemical structure of 3-CQA and 4-CQA.

Fig.4. Inhibitory activities against DPP IV

 of F1 and CQAs

 DPP IV activities were measured in the 

presence and absence of F1, 3-CQA and 

4-CQA, respectively.

A: fraction 1, B: 3-CQA, C: 4-CQA. 

Values are means ± S.E. (n = 5). 

Statistically significant: **p<0.01.

Fig. 4. Reduction of tissue weighs in KKAy mice 

administered aronia juice but not cyanidin-3,5-diglucoside. 

    Aronia juice, cyanidin-3,5-diglucoside or water was 

administered orally to the mice for 49 days. Then, epididymal 

  white adipose tissue (A) and the liver (B) were obtained and 

  weighed. *p<0.05, n.s.: not significant. n=5.

Fig. 5. The effects of aronia juice and cyanidin-3,5-

diglucoside on the liver triglyceride levels of the mice.

    Triglyceride levels of the liver in water and aronia juice or 

   cyanidin-3,5-diglucoside-administered mice were measured. 

   *p<0.05, n.s.: not significant. n=5.

Fig.1. The effects of cyanidin-3,5-diglucoside on the blood glucose and HbA1c levels

 of KKAy mice.

  Aronia juice was used as a positive control. The blood glucose (A) and HbA1c (B) 

were measured every 3 or 4 days for 49 days. *p<0.05, **p<0.01, n=5.

Fig. 2. The effects of cyanidin-3,5-diglucoside on the DPP-IV activity in the mice serum.

  Cyanidin-3,5-diglucoside, water, or aronia juice were administered orally to the mice

for 49 days, respectively, and then serum DPP IV activities were measured. 

*p<0.05, **p<0.01, n=5.

Fig. 3. The effects of cyanidin-3,5-diglucoside on the active GLP-1 levels in the serum. 

Protein level of active GLP-1 was examined by ELISA in the serum. *p<0.05, **p<0.01, n=5.

Fractionation of aronia juice

Elution

Frc. 1: 10% Methanol/0.1% formic acid

Frc 2:  20% Methanol/0.1% formic acid

Frc 3:  30% Methanol/0.1% formic acid

Frc 4:  40% Methanol/0.1% formic acid

Frc 5:  50% Methanol/0.1% formic acid

50C18 (200 mL)

Aronia

Beneficial effects of aronia berries on health

Prevention of type 2 diabetes
  ・Reduction of blood glucose level

Prevention of hyperlipidemia
  ・Reduction of triglyceride and 

    LDL-cholesterol levels

Prevention of obesity
  ・Inhibition of fat accumlation

Prevention of 

              hypertension
  ・Reduction of blood presure

・Black-purple fruit belonging to the family Rosaceae 

native to North America

・Widely produced in Russia, Poland and Bulgaria

・Growing in Hokkaido and Tohoku in Japan
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Frac. 

No. 

Functions Potential effects Compounds 

1 ・Inhibition of 

α-glucosidase and 

DPP IV activities 

・Inhibition of lipid 
accumulation 

Anti-diabetes 

Anti-obesity 

3-CQA 

4-CQA 

2 Inhibition of 

α-glucosidase activity 

Anti-diabetes unknown 

3 Inhibition of lipid 

accumulation 

Anti-obesity Quercetin-diglucoside 

4 Inhibition of HMG-CoA 

reductase activity 

Anti- 

hypercholesterolemia 

Petunidin-hexoside-arabinoside 

Delphinidin-arabinoside 
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