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Abstract: Oligonol is a low-molecular-weight polyphenol derived from lychee fruit. This study was
conducted to examine whether oligonol has an ameliorative effect on diabetes-induced pancreatic
damage via oxidative stress-induced inflammation. Oligonol was orally administered at 10 or 20
mg/kg body weight/day for 10 days to streptozotocin-induced diabetic rats, and changes in serum
glucose, C-peptide, insulin, reactive oxygen species (ROS), and thiobarbituric acid-reactive
substance (TBARS) levels as well as body weight and food and water consumption were assessed.
Furthermore, rat pancreases were analyzed for weight, ROS generation, TBARS level, insulin
content, and protein expressions of phosphor (p)-p38, p-extracellular-signal regulated kinase 1/2,
p-inhibitor of nuclear factor kappa Bα, nuclear factor-kappa Bp65, cyclooxygenase-2, inducible
nitric oxide synthase, tumor necrosis factor-α, and interleukin-6. Markers of diabetes were shown to
be decreased by oligonol administration and histological damage in the pancreas was also
ameliorated. These results indicate that oligonol exerts antidiabetic activities, which may be
mediated via antioxidative, stress-related, anti-inflammatory signaling.
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1. Introduction

Glucose is the primary fuel and regulator of pancreatic islet β-cell function. The primary
function of insulin is to maintain blood glucose levels in the normal range. However, this
homeostatic relationship is disrupted when glucose remains at supraphysiologic levels for
protracted periods of time, an event referred to as glucose toxicity [1-3]. Diabetes, one of the most
recognizable endocrine metabolic disorders, is fundamentally characterized by hyperglycemia.
Hyperglycemia is a well-distinguished pathogenic factor of chronic complications in diabetes,
which results in generation of excessive free radicals (reactive oxygen species [ROS]) and
attenuation of antioxidative defense mechanisms through glycation of antioxidant enzymes [4].
Herbal medicinal plants are of importance to the health of an individual as well as for
communities. The beneficial effects of medicinal plants are typically attributable to the presence of
several chemically active compounds that exert specific physiological activities in the human body.
Among these, bioactive antioxidants have been used for the treatment of various organ dysfunctions,
and fruits, vegetables, tea, and wine are the major sources of flavonoids or polyphenolic compounds
known to have a strong antioxidant activity [5].
Lychee has been consumed since ancient times in China and the southern area of Southeast
Asia. It is rich in polyphenols, with Brat et al. [6] reporting that its polyphenol content per edible
part is second only to that of strawberries. A particular characteristic of lychee polyphenols is a
phenolic product containing catechin-type monomers and oligomers of proanthocyanidins [7].
Proanthocyanidins are structurally characterized as polymers of catechin and have a high molecular
weight. However, their absorption in the body is low when administered orally, resulting in
relatively low in vivo activity. Moreover, proanthocyanidins with a high molecular weight are
virtually insoluble in water and have an astringent taste, binding to salivary proteins and mucous
membranes in the mouth [8] and rendering them difficult to use in the food industry. Tanaka et al.
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into

the

low-molecular-weight proanthocyanidin, which is utilizable in the food industry. Oligonol, which is
now available commercially as a novel dietary ingredient, is an optimized phenolic product derived
from lychee fruit polyphenols that contain catechin-type monomers and low-molecular-weight
oligomers [7]. Kundu et al. [10] reported the beneficial antioxidant and anti-inflammatory effects of
oligonol in mouse skin, while Ahn et al. [11] showed that oligonol protects against oxidative
stress-induced inflammation in C6 glial cells. In our previous studies, oligonol improved
hyperglycemia and hyperglycemia-induced oxidative stress in the liver and kidney of type 2
diabetic db/db mice, attenuated renal damage through the inhibition of glycation end product
formation by glucose accumulation, and subsequently decreased NAD(P)H oxidase-derived ROS
production in the kidney of db/db mice [12-14]. Therefore, oligonol appears to represent a novel
therapeutic approach to a range of conditions associated with diabetes and hyperglycemia-related
disorders such as oxidative stress and inflammation; however, the details of the mechanisms are still
unknown.
In the present study, we therefore investigated the mechanisms underlying the protective
action of oligonol in pancreatic oxidative damage caused by streptozotocin (STZ)-induced diabetes
in a rat model.

2. Results

2.1. Body Weight, Food Intake, Water Intake, and Pancreatic Weight

During the 10 days of the experimental period, diabetic control rats showed a significantly
lower body weight gain than the nondiabetic rats did, and the oral administration of 20 mg/kg
oligonol to diabetic rats showed a tendency to increase body weight. The diabetic control rats
4
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showed an increased food and water intake compared with that reported for the nondiabetic rats.
There was, however, no significant reduction in these parameters following the administration of
oligonol. The pancreatic weight of diabetic control rats was 1.91 times higher than that of
nondiabetic rats but decreased significantly in the rats administered oligonol, as shown in Figure 1.

2.2. Hematological Analyses

As shown in Figure 2, diabetic control rats maintained a level of about 410 mg/dL, while
nondiabetic rats showed a level of around 130 mg/dL; however, oligonol-administered groups
showed a dose-dependent decrease in this level. Furthermore, diabetic control rats showed a marked
decrease in serum C-peptide and insulin levels, but oral administration of oligonol at 10 or 20
mg/kg suppressed these decreased levels. The serum levels of ROS and TBARS in diabetic rats
orally administered 10 or 20 mg/kg body weight of oligonol decreased in a dose-dependent manner
(Table 1).

2.3. Pancreatic Insulin Content

As shown in Figure 3, the pancreatic insulin content of vehicle-treated diabetic rats
significantly decreased compared with that of nondiabetic rats. Oligonol administration at doses of
10 and 20 mg/kg led to a significant increase in the level of insulin.

2.4. Biomarkers Associated with Oxidative Stress in the Pancreas

The pancreatic levels of ROS and TBARS in diabetic rats were higher than those of
nondiabetic rats, whereas these enhanced levels were significantly reduced by oligonol treatment,
5
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almost to the levels of nondiabetic control rats, as shown in Table 1.

2.5. Pancreatic p-p38 and p-ERK1/2 Protein Expressions

In the diabetic control rats, pancreatic p-p38 and p-ERK1/2 protein expressions were
significantly higher those in nondiabetic rats (Figure 4). However, oligonol administration reduced
pancreatic p-p38 and p-ERK expressions in diabetic rats.

2.6. Pancreatic p-IκBα and NF-κBp65 Protein Expressions

As shown in Figure 5, pancreatic p-IκBα and NF-κBp65 protein expressions were
significantly elevated in diabetic control rats compared with those in nondiabetic rats. These
increases in protein expressions in the pancreas of diabetic rats were significantly attenuated in a
dose-dependent manner by oligonol administration.

2.7. Pancreatic Inflammatory Protein Expressions

The pancreatic expressions of inflammatory proteins COX-2, iNOS, TNF-α, and IL-6 were
enhanced in diabetic control rats; however, these increases in expressions were significantly
attenuated following oligonol administration (Figure 6).

2.8. Pancreatic Histological Examination

Figure 7 shows the results of histological examination using HE staining to detect pancreatic
cell damage. The level of cellular damage was higher in the pancreas of diabetic control rats than in
6
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those of nondiabetic rats. These histopathological studies demonstrated that the administration of
oligonol had a significant, protective effect against pancreatic cell damage.

3. Discussion

Oxidative stress secondary to hyperglycemia is thought to be a major risk factor in the onset
and progression of diabetes. Moreover, insulin resistance and β-cell dysfunction may play an
important role in the unbalanced redox equation [15]. The antioxidant defense system consists of
endogenous antioxidant enzymes such as glutathione peroxidase, superoxide dismutase, and
catalase, and exogenous antioxidants obtained mainly by dietary intake such as vitamin C, vitamin
E, carotenoids, and polyphenols [16-19]. Various polyphenols show antioxidant activity because of
their free radical scavenging properties and because they are chelators of metal ions; thus, they may
protect tissues against free oxygen radicals and lipid peroxidation [20].
The beneficial effects of oligonol in diabetes have been reported; however, its underlying
mechanism has not been elucidated thus far. In this study, to examine the regulatory mechanism of
oxidative stress and the oxidative stress-associated inflammatory response of oligonol in
hyperglycemia, we focused on the effects of oligonol against pancreatic damage and insulin
secretion linked to inflammation using an STZ-induced diabetic rat model.
Our results show that oligonol administration significantly ameliorates adverse metabolic
effects in STZ-induced diabetic rats. Significant body weight loss was observed in STZ-induced
diabetic rats in comparison with that in nondiabetic rats, whereas body weight following the oral
administration of 20 mg oligonol was greater than in diabetic control rats. These results suggest that
oligonol may normalize energy metabolism in body tissues. The stimulation of glucose utilization
by insulin is one of the major mechanisms for regulation of serum glucose concentrations.
Administering oligonol to diabetic rats significantly improved insulin levels and serum C-peptide,
7
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an indirect biomarker of insulin secretion. Therefore, the capability of oligonol to significantly
reduce serum glucose levels in diabetic rats may be due to the potentiation of insulin secretion from
existing β-cell islets, which subsequently increases the utilization of glucose in tissue.
In the diabetic state, potentially damaging oxidative stress is induced in islets as well as in
other cells [21-23]. Because the expression levels of antioxidant enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase are known to be very low in islets compared with
that in other tissues [24], β-cells could be particularly susceptible to oxidative stress. Several studies
have provided evidence that oxidative stress caused by diabetes mediates the toxic effects of
hyperglycemia on β-cells [25-29], suppressing insulin gene transcription and glucose-stimulated
insulin secretion and even causing apoptosis in β-cells. Furthermore, some toxic effects of
hyperglycemia on β-cells in rodent models were reported to be ameliorated by an antidiabetic
treatment [26,29]. In the present study, oligonol administration suppressed serum and pancreatic
ROS and lipid peroxidation, indicating that oligonol treatment protects against oxidative insults in
the serum and pancreas of STZ-induced diabetic rats. These results further support our previous
study on proanthocyanidins, especially oligomers, from persimmon peel [30], showing that
antioxidative activity is an important mechanism in protection against diabetes. Hyperglycemia
results in the generation of excessive ROS. The accumulation of ROS activates NF-κB via the
ERK1/2 and p38 mitogen-activated protein kinase (MAPK) pathways, resulting in the expression of
proteins encoding inflammatory molecules [31]. Based on the aforementioned data, we propose that
the hypoglycemic potential of oligonol may be attributed, at least partly, to a reduction in ROS with
subsequent reduction of lipid peroxidation, thus preserving insulin secretion by reducing β-cell
death in the diabetic rat pancreas. Moreover, increased expression of NF-κB by ROS production
was also observed in the pancreatic tissue of vehicle-treated diabetic rats and was decreased by the
administration of oligonol.
NF-κB is a major proinflammatory transcription factor that plays key roles in the regulation
8
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of transcription and expression of several genes implicated in a wide range of proinflammatory
activities, including cytokines (TNF-α and IL-6) and enzymes (COX-2 and iNOS) [32]. The
subsequent formation of NO and prostaglandin E2 by hyperglycemia-induced iNOS and COX-2
expression, respectively, may impair pancreatic β-cell function [33]. However, the development of
insulin resistance has been associated with NF-κB and its target proinflammatory cytokines, such as
TNF-α, IL-1, and IL-6 [34]. Furthermore, some studies have shown that TNF-α and IL-6 are
positively correlated with measures of insulin resistance and/or plasma insulin concentration [35,36].
Therefore, NF-κB and its target genes might be involved in the regulation of insulin secretion and
insulin resistance. In addition, NF-κB activation pathways are thought to be mediated by two
distinct

redox-related

mechanisms:

1)

phosphorylation

of

p38

MAPK,

ERK,

and

c-Jun-NH2-terminal kinase; and 2) enhancement of IκB kinase-dependent IκB degradation [37,38].
In the present study, the administration of oligonol to diabetic rats significantly reduced the renal
protein expressions of NF-κB and NF-κB-related proinflammatory mediates (COX-2 and iNOS)
and cytokines (TNF-α and IL-6). Oligonol was found to block this ROS-dependent activation of the
MAPK pathway in the pancreas of diabetic rats. Moreover, oligonol administration resolved the
p-IκB levels elevated in the diabetes model, and also decreased the nuclear translocation of NF-κB
and NF-κB-related protein expressions. These results suggest that oligonol can modulate diabetic
pancreatic inflammation by regulating the MAPK-mediated NF-κB signaling pathway. Furthermore,
oligonol led to a reduction in pancreatic tissue inflammation based on histological evaluation.
This study focused on the effects of insulin secretion linked to inflammation in the pancreas
of diabetic rats treated with oligonol. Our findings show that the administration of oligonol to
diabetic rats had a favorable influence on the prevention of pancreatic damage progression, at least
in part, by ameliorating hyperglycemia-related MAPK/NF-κB pathway-induced inflammation.
Given that oligonol inhibited oxidative stress-induced MAPK/NF-κB activation-related
inflammatory gene expression in the pancreas, these findings provide therapeutic evidence for the
9
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beneficial effects of oligonol on ameliorating the development of diabetes-related pancreatic
damage.

4. Materials and Methods

4.1. Oligonol

Oligonol obtained from lychee fruit (Litchi chinensis Sonn.) using a patented process
(international patent WO 2004/103988 AI) [39] was provided by Amino Up Chemical, Co., Ltd
(Sapporo, Japan). The composition of the product is shown in Table 2. Briefly, the extraction
process included the combination of lychee fruit extract (750 g) and green tea extract (150 g)
(purchased from Guilin Layn Natural Ingredients, Corp., Guilin, China) with citric acid (150 g) in
water (7.5 L). The mixture was heated at 60°C for 16 h. After the solution was cooled to room
temperature, it was filtered through a DIAION HP-20 column. The column was washed with water
and eluted with 40% (vol/vol) ethanol (80 L). Removal of the solvent from the eluate yielded a
reddish-brown powder (674 g) [40].

4.2. Materials

Protease inhibitor mixture solution, 4,6-dihydroxy-2-mercaptopyrimidine (2-thiobarbituric
acid), and 10% neutral-buffered formalin were purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). 2’,7’-Dichlorofluorescein diacetate (DCFH-DA) was purchased from Molecular
Probes (Eugene, OR, USA). Pure nitrocellulose membrane was purchased from Bio-Rad
Laboratories (Tokyo, Japan). Phenylmethylsulfonyl fluoride (PMSF) was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Rabbit polyclonal antibodies against insulin, phosphor (p)-p38,
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p-extracellular-signal regulated kinase 1/2 (p-ERK1/2), p-inhibitor of nuclear factor-kappa Bα
(p-IκBα) and nuclear factor-kappa B (NF-κB)p65, and mouse monoclonal antibodies against
cyclooxygenase-2 (COX-2), inducible nitric oxide (NO) synthase (iNOS), tumor necrosis factor-α
(TNF-α), interleukin-6 (IL-6), β-actin, and histone were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Goat anti-rabbit and goat anti-mouse IgG horseradish peroxidase
(HRP)-conjugated secondary antibodies were purchased from Santa Cruz Biotechnology, Inc. ECL
Western Blotting Detection Reagents were purchased from GE Healthcare (Piscataway, NJ, USA).
All other chemicals and reagents were purchased from Sigma Chemical Co.

4.3. Experimental Design

The Guidelines for Animal Experimentation approved by Daegu Haany University
(permission No. 2013-036) were followed in the present study. Six-week-old male Sprague-Dawley
rats were obtained from Daehan-Bio (Chungcheong, Korea) and were housed with room
temperature and humidity maintained automatically at about 25°C and 55%, respectively. All rats
were allowed free access to laboratory pellet chow (CLEA Japan, Inc., Tokyo, Japan; comprising
24.0% protein, 3.5% lipids, and 60.5% carbohydrates) and water. After several days of adaptation,
the rats were injected intraperitoneally with STZ (50 mg/kg body weight) in 10 mM citrate buffer
(pH 4.5). The blood glucose level was determined and body weight was measured 10 days after the
injection. To avoid any intergroup differences in these indices, the rats were divided into three
experimental groups: group 1, diabetic rats receiving water (n=5); groups 2 and 3, diabetic rats
receiving 10 or 20 mg/kg body weight/day of oligonol (n=5, each group) through once-daily oral
gavage. The administration dose and duration were determined based on other reports [12-14]. Rats
that underwent a sham injection of citrate buffer without STZ were used as a nondiabetic control
group (n=5). After 10 days of treatment, blood samples were obtained from the abdominal aorta
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Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

doi:10.20944/preprints201705.0208.v1

under pentobarbital anesthesia (50 mg/kg body weight, intraperitoneally), and serum was prepared
by centrifugation. Subsequently, each rat was perfused with ice-cold physiological saline and the
pancreas was harvested, snap-frozen in liquid nitrogen, and stored at −80°C until analysis.

4.4. Estimation of Serum Parameters

Serum glucose was determined using a commercial kit (Glucose CII-Test; Wako Pure
Chemical Industries, Ltd.). Serum C-peptide (Shibayagi Co., Ltd., Gunma, Japan) and insulin
(Morinaga Institute of Biological Science, Yokohama, Japan) levels were estimated based on
enzyme-linked immunosorbent assays. Serum ROS levels were determined according to the method
of Ali et al. [41], and thiobarbituric acid-reactive substance (TBARS) levels were determined
according to the method of Naito and Yamanaka [42].

4.5. Measurement of Insulin Content in the Pancreas

The insulin content of pancreatic tissue was estimated using the method of Portha et al. [43].
In brief, the pancreas was homogenized for 1 min by ultrasonic disintegration at 4°C in acid-alcohol
solution (75% ethanol, 1.5% v/v 12 mol/L HCl, 23.5% distilled water) and the homogenate was
maintained at −20°C overnight. Next, the extract was centrifuged and the insulin concentration of
the supernatant was estimated by immunosorbent assay.

4.6. Determination of ROS Generation and TBARS Level in the Pancreas

ROS generation was measured as described previously [41]. Pancreatic tissues were
homogenized on ice with 1 mM EDTA-50 mM sodium phosphate buffer (pH 7.4) and 25 mM
12
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DCFH-DA was added to the homogenates. After incubation for 30 min, changes in fluorescence
values were determined at an excitation wavelength of 486 nm and emission wavelength of 530 nm.
The pancreatic TBARS level was determined according to the method of Uchiyama and Mihara
[44].

4.7. Preparation of Nuclear and Post-Nuclear Fractions

Nuclear protein extraction was carried out as described previously [45]. Briefly, pancreatic
tissue was homogenized with ice-cold lysis buffer containing 5 mM Tris-HCl (pH 7.5), 2 mM
MgCl2, 15 mM CaCl2, and 1.5 M sucrose, and 0.1 M dithiothreitol (DTT) and protease inhibitor
mixture solution were subsequently added. After centrifugation (10,500 × g for 20 min at 4°C), the
resulting

pellet

was

suspended

in

extraction

buffer

containing

20

mM

2-[4-(2-hydroxyethyl)-1-piperazyl] ethanesulfonic acid (pH 7.9), 1.5 mM MgCl2, 0.42 M NaCl, 0.2
mM EDTA, and 25% (v/v) glycerol, and 0.1 M DTT and protease inhibitor mixture solution were
subsequently added. The mixture was placed on ice for 30 min and the nuclear fraction was
prepared by centrifugation at 20,500 × g for 5 min at 4°C. The post-nuclear fraction was extracted
from the pancreas of each rat, as described below. In brief, pancreatic tissue was homogenized with
ice-cold lysis buffer (pH 7.4) containing 137 mM NaCl, 20 mM Tris–HCl, 1% Tween 20, 10%
glycerol, 1 mM PMSF, and protease inhibitor mixture solution. The homogenate was centrifuged at
2,000 × g for 10 min at 4°C. The protein concentration in each fraction was determined using a
Pierce BCA protein assay kit (Thermo Scientific, Rockford, IL, USA).

4.8. Immunoblotting Analyses

For the estimation of NF-κBp65 and histone protein expression, 10 μg of protein from each
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nuclear fraction was electrophoresed through a 10% sodium dodecyl sulfate polyacrylamide gel
(SDS-PAGE). Separated proteins were transferred to a nitrocellulose membrane, blocked with 5%
(w/v) skim milk solution for 1 h, and incubated overnight with primary antibodies to NF-κBp65 or
histone 4°C. After washing, blots were incubated with anti-rabbit or anti-mouse IgG
HRP-conjugated secondary antibody for 1.5 h at room temperature. Next, the protein expression of
insulin, p-p38, p-ERK1/2, p-IκBα, COX-2, iNOS, TNF-α, IL-6, and β-actin was determined in 10
μg of protein from each post-nuclear fraction, electrophoresed through 8–15% SDS-PAGE. Each
antigen–antibody complex was visualized using ECL Western Blotting Detection Reagents and
detected by chemiluminescence with a Sensi-Q2000 Chemidoc system (Lugen Sci Co., Ltd., Seoul,
Korea). Band densities were measured using ATTO densitograph software (ATTO Corporation,
Tokyo, Japan) and quantified as the ratio to histone and/or β-actin. The protein levels of groups are
expressed relative to those of nondiabetic rats (represented as 1).

4.9. Histological Examination

Excised sections of pancreatic tissue were fixed immediately in 10% neutral-buffered
formalin and embedded in paraffin. Paraffin sections were cut and stained with hematoxylin-eosin
(HE) prior to optical microscopy examination. The sections were viewed and photographed using a
Moticam Pro 205A microscope (Moticam Pro 205A, Moticam Instruments Inc., Richmond,
Canada) with Motic Images Advanced 3.2 software (Motic China Group Co., Ltd.).

4.10. Statistical Analysis

The data are expressed as means ± SEM. Significance was assessed by one-way analysis of
variance (ANOVA) followed by Dunnett’s multiple comparison test using SPSS 11.5.1 software for
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Windows 2002 (SPSS Inc., USA). Values of p<0.05 were considered significant.

5. Conclusions

Diabetic rats show decreased insulin secretion through pancreatic damage associated with the
expressions of the oxidative stress-induced MAPK activation-derived proinflammatory signaling
pathway (IκB/NF-κB pathway) and proinflammatory genes (COX-2, iNOS, TNF-α, and IL-6).
These unfavorable outcomes were reversed by oligonol administration, which improved overall
pancreatic β-cell function-related indices, such as serum C-peptide and insulin secretion, pancreatic
insulin expression level, and morphological characteristics in diabetic rats (Figure 8).
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analysis of variance

COX-2

cyclooxygenase-2
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DCFH-DA

2’,7’-dichlorofluorescein diacetate

DTT

dithiothreitol

ERK1/2

extracellular signal-regulated kinase 1/2

HE

hematoxylin-eosin

HRP

horseradish peroxidase

IκBα

inhibitor of NF-κBα

IL-6

interleukin-6

iNOS

inducible nitric oxide synthase

MAPK

mitogen-activated protein kinase

NF-κB

nuclear factor-kappa B

NO

nitric oxide

PMSF

phenylmethylsulfonyl fluoride

ROS

reactive oxygen species

SDS-PAGE

sodium dodecylsulfate polyacrylamide gel

STZ

streptozotocin

TBARS

thiobarbituric acid-reactive substance

TNF-α

tumor necrosis factor-α

doi:10.20944/preprints201705.0208.v1

References

1. Unger, R.H.; Grundy, S. Hyperglycaemia as an inducer as well as a consequence of impaired
islet cell function and insulin resistance: implications for the management of diabetes.
Diabetologia 1985, 28, 119-121.
2.

Rossetti, L.; Giaccari, A.; DeFronzo, R.A. Glucose toxicity. Diabetes Care 1990, 13,
610-630.
16

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

3.

doi:10.20944/preprints201705.0208.v1

Robertson, R.P.; Olson, L.K.; Zhang, H.J. Differentiating glucose toxicity from glucose
desensitization: a new message from the insulin gene. Diabetes 1994, 43, 1085-1089.

4.

Bonnefont-Rousselot, D.; Beaudeux, J.L.; Thérond, P.; Peynet, J.; Legrand, A.; Delattre, J.
Diabetes mellitus, oxidative stress and advanced glycation endproducts. Ann. Pharm. Fr.
2004, 62, 147-157.

5.

Rice-Evans, C.A.; Miller, N.J.; Bolwell, P.G.; Bramley, P.M.; Pridham, J.B. The relative
antioxidant activities of plant-derived polyphenolic flavonoids. Free Radic. Res. 1995, 22,
375-383.

6.

Brat, P.; Georgé, S.; Bellamy, A.; Du Chaffaut, L.; Scalbert, A.; Mennen, L.; Arnault, N.;
Amiot, M.J. Daily polyphenol intake in France from fruit and vegetables. J. Nutr. 2006, 136,
2368-2373.

7.

Fujii, H.; Nishioka, H.; Wakame, K.; Magnuson, B.A.; Roberts, A. Acute, subchronic and
genotoxicity studies conducted with Oligonol, an oligomerized polyphenol formulated from
lychee and green tea extracts. Food Chem. Toxicol. 2008, 46, 3553-3562.

8.

Haslam, E. Natural polyphenols (vegetable tannins) as drugs: possible modes of action. J. Nat.
Prod. 1996, 59, 205-215.

9.

Tanaka, T.; Yoshitake, N.; Zhao, P.; Matsuo, Y.; Kouno, I.; Nonaka, G. Production of
oligomeric proanthocyanidins by fragmentation of polymers. Jpn. J. Food Chem. 2007, 14,
134-139.

10.

Kundu, J.K.; Chang, E.J.; Fujii, H.; Sun, B.; Surh, Y.J. Oligonol inhibits UVB-induced
COX-2 expression in HR-1 hairless mouse skin – AP-1 and C/EBP as potential upstream
targets. Photochem. Photobiol. 2008, 84, 399-406.

11.

Ahn, J.H.; Choi, J.W.; Choi, J.M.; Maeda, T.; Fujii, H.; Yokozawa, T.; Cho, E.J. Protective
role of oligonol from oxidative stress-induced inflammation in C6 glial cell. Nutr. Res. Pract.
2015, 9, 123-128.
17

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

12.

doi:10.20944/preprints201705.0208.v1

Noh, J.S.; Kim, H.Y.; Park, C.H.; Fujii, H.; Yokozawa, T. Hypolipidaemic and antioxidative
effects of oligonol, a low-molecular-weight polyphenol derived from lychee fruit, on renal
damage in type 2 diabetic mice. Br. J. Nutr. 2010, 104, 1120-1128.

13.

Noh, J.S.; Park, C.H.; Yokozawa, T. Treatment with oligonol, a low-molecular polyphenol
derived from lychee fruit, attenuates diabetes-induced hepatic damage through regulation of
oxidative stress and lipid metabolism. Br. J. Nutr. 2011, 106, 1013-1022.

14.

Park, C.H.; Yokozawa, T.; Noh, J.S. Oligonol, a low-molecular-weight polyphenol derived
from lychee fruit, attenuates diabetes-induced renal damage through the advanced glycation
end product-related pathway in db/db mice. J. Nutr. 2014, 144, 1150-1157.

15.

Pitocco, D.; Zaccardi, F.; Di Stasio, E.; Romitelli, F.; Santini, S.A.; Zuppi, C.; Ghirlanda, G.
Oxidative stress, nitric oxide, and diabetes. Rev. Diabet. Stud. 2010, 7, 15-25.

16.

Ratnam, D.V.; Ankola, D.D.; Bhardwaj, V.; Sahana, D.K.; Kumar, M.N. Role of antioxidants
in prophylaxis and therapy: a pharmaceutical perspective. J. Control. Release 2006, 113,
189-207.

17.

André, C.M.; Larondelle, Y.; Evers, D. Dietary antioxidants and oxidative stress from a
human and plant perspective: a review. Curr. Nutr. Food Sci. 2010, 6, 2-12.

18.

Biehler, E.; Bohn, T. Methods for assessing aspects of carotenoid bioavailability. Curr. Nutr.
Food Sci. 2010, 6, 44-69.

19.

Bouayed, J. Polyphenols: a potential new strategy for the prevention and treatment of anxiety
and depression. Curr. Nutr. Food Sci. 2010, 6, 13-18.

20.

Wattanapenpaiboon, N.; Wahlqvist, M.W. Phytonutrient deficiency: the place of palm fruit.
Asia Pac. J. Clin. Nutr. 2003, 12, 363-368.

21.

Baynes, J.W. Role of oxidative stress in development of complications in diabetes. Diabetes
1991, 40, 405-412.

22.

Ihara, Y.; Toyokuni, S.; Uchida, K.; Odaka, H.; Tanaka, T.; Ikeda, H.; Hiai, H.; Seino, Y.;
18

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

doi:10.20944/preprints201705.0208.v1

Yamada, Y. Hyperglycemia causes oxidative stress in pancreatic β-cells of GK rats, a model
of type 2 diabetes. Diabetes 1999, 48, 927-932.
23.

Nishikawa, T.; Edelstein, D.; Du, X.L.; Yamagishi, S.; Matsumura, T.; Kaneda, Y.; Yorek,
M.A.; Beebe, D.; Oates, P.J.; Hammes, H.P.; Giardino, I.; Brownlee, M. Normalizing
mitochondrial superoxide production blocks three pathways of hyperglycaemic damage.
Nature 2000, 404, 787-790.

24.

Tiedge, M.; Lortz, S.; Drinkgern, J.; Lenzen, S. Relation between antioxidant enzyme gene
expression and antioxidative defense status of insulin-producing cells. Diabetes 1997, 46,
1733-1742.

25.

Kaneto, H.; Fujii, J.; Myint, T.; Miyazawa, N.; Islam, K.N.; Kawasaki, Y.; Suzuki, K.;
Nakamura, M.; Tatsumi, H.; Yamasaki, Y.; Taniguchi, N. Reducing sugars trigger oxidative
modification and apoptosis in pancreatic β-cells by provoking oxidative stress through the
glycation reaction. Biochem. J. 1996, 320, 855-863.

26.

Matsuoka, T.; Kajimoto, Y.; Watada, H.; Kaneto, H.; Kishimoto, M.; Umayahara, Y.;
Fujitani, Y.; Kamada, T.; Kawamori, R.; Yamasaki, Y. Glycation-dependent, reactive oxygen
species-mediated suppression of the insulin gene promoter activity in HIT cells. J. Clin.
Invest. 1997, 99, 144-150.

27.

Kaneto, H.; Kajimoto, Y.; Miyagawa, J.; Matsuoka, T.; Fujitani, Y.; Umayahara, Y.;
Hanafusa, T.; Matsuzawa, Y.; Yamasaki, Y.; Hori, N. Beneficial effects of antioxidants in
diabetes: possible protection of pancreatic β-cells against glucose toxicity. Diabetes 1999, 48,
2398-2406.

28.

Maechler, P.; Jornot, L.; Wollheim, C.B. Hydrogen peroxide alters mitochondrial activation
and insulin secretion in pancreatic beta cells. J. Biol. Chem. 1999, 274, 27905-27913.

29.

Tanaka, Y.; Gleason, C.E.; Tran, P.O.; Harmon, J.S.; Robertson, R.P. Prevention of glucose
toxicity in HIT-T15 cells and Zucker diabetic fatty rats by antioxidants. Proc. Natl. Acad. Sci.
19

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

doi:10.20944/preprints201705.0208.v1

USA 1999, 96, 10857-10862.
30.

Lee, Y.A.; Cho, E.J.; Yokozawa, T. Effects of proanthocyanidin preparations on
hyperlipidemia and other biomarkers in mouse model of type 2 diabetes. J. Agric. Food Chem.
2008, 56, 7781-7789.

31.

Hu, Q.; Li, B.; Xu, R.; Chen, D.; Mu, C.; Fei, E.; Wang, G. The protease Omi cleaves the
mitogen-activated protein kinase kinase MEK1 to inhibit microglial activation. Sci. Signal.
2012, 5, ra61.

32.

Manna, S.K.; Mukhopadhyay, A.; Aggarwal, B.B. Resveratrol suppresses TNF-induced
activation of nuclear transcription factors NF-κB, activator protein-1, and apoptosis: potential
role of reactive oxygen intermediates and lipid peroxidation. J. Immunol. 2000, 164,
6509-6519.

33.

Ling, J.J.; Sun, Y.J.; Zhu, D.Y.; Chen, Q.; Han, X. Potential role of NO in modulation of
COX-2 expression and PGE2 production in pancreatic β-cells. Acta Biochim. Biophys. Sin.
2005, 37, 139-146.

34.

Uysal, K.T.; Wiesbrock, S.M.; Marino, M.W.; Hotamisligil, G.S. Protection from
obesity-induced insulin resistance in mice lacking TNF-α function. Nature 1997, 389,
610-614.

35.

Senn, J.J.; Klover, P.J.; Nowak, I.A.; Mooney, R.A. Interleukin-6 induces cellular insulin
resistance in hepatocytes. Diabetes 2002, 51, 3391-3399.

36.

Ramakrishnan, P.; Wang, W.; Wallach, D. Receptor-specific signaling for both the alternative
and the canonical NF-κB activation pathways by NF-κB-inducing kinase. Immunity 2004, 21,
477-489.

37.

Karin, M. Mitogen activated protein kinases as targets for development of novel
anti-inflammatory drugs. Ann. Rheum. Dis. 2004, 63 Suppl 2, ii62-ii64.

38.

Patel, S.; Santani, D. Role of NF-κB in the pathogenesis of diabetes and its associated
20

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

doi:10.20944/preprints201705.0208.v1

complications. Pharmacol. Rep. 2009, 61, 595-603.
39.

Nonaka, G.; Sun, B.; Yuan, L.; Nakagawa, T.; Fujii, H.; Surh, Y.J. Sulfur-containing
proanthocyanidin oligomer composition and process for producing the same. International
Patent Application 2004, No. WO/2004/103988 A1.

40.

Kitadate, K.; Homma, K.; Roberts, A.; Maeda, T. Thirteen-week oral dose toxicity study of
Oligonol containing oligomerized polyphenols extracted from lychee and green tea. Regul.
Toxicol. Pharmacol. 2014, 68, 140-146.

41.

Ali, S.F.; LeBel, C.P.; Bondy, S.C. Reactive oxygen species formation as a biomarker of
methylmercury and trimethyltin neurotoxicity. Neurotoxicology 1992, 13, 637-648.

42.

Naito, C.; Yamanaka, T. Lipid peroxides in atherosclerotic diseases. Nihon Ronen Igakkai
Zasshi 1978, 15, 187-191.

43.

Portha, B.; Picon, L.; Rosselin, G. Chemical diabetes in the adult rat as the spontaneous
evolution of neonatal diabetes. Diabetologia 1979, 17, 371-377.

44.

Uchiyama, M.; Mihara, M. Determination of malonaldehyde precursor in tissues by
thiobarbituric acid test. Anal. Biochem. 1978, 86, 271-278.

45.

Komatsu, S. Extraction of nuclear proteins. Methods Mol. Biol. 2007, 355, 73-77.

21

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2017

doi:10.20944/preprints201705.0208.v1

Legends to figures

Figure 1. Body weight (A), food intake (B), water intake (C), and pancreatic weight (D). N,
non-diabetic rats; Veh, vehicle-treated diabetic rats; O10, oligonol 10 mg/kg body weight-treated
diabetic rats; O20, oligonol 20 mg/kg body weight-treated diabetic rats. Data are expressed as mean
± SEM. Significance: *p<0.05, **p<0.001 vs. vehicle-treated diabetic rat values.

Figure 2. Glucose (A), C-peptide (B), and insulin (C) levels in the serum. N, non-diabetic rats; Veh,
vehicle-treated diabetic rats; O10, oligonol 10 mg/kg body weight-treated diabetic rats; O20,
oligonol 20 mg/kg body weight-treated diabetic rats. Data are expressed as mean ± SEM.
Significance: *p<0.05, **p<0.01, p<0.001 vs. vehicle-treated diabetic rat values.

Figure 3. Insulin level in the pancreas. N, non-diabetic rats; Veh, vehicle-treated diabetic rats; O10,
oligonol 10 mg/kg body weight-treated diabetic rats; O20, oligonol 20 mg/kg body weight-treated
diabetic rats. Data are expressed as mean ± SEM. Significance: *p<0.001 vs. vehicle-treated
diabetic rat values.

Figure 4. p-p38 (A) and p-ERK1/2 (B) protein expressions in the pancreas. N, non-diabetic rats;
Veh, vehicle-treated diabetic rats; O10, oligonol 10 mg/kg body weight-treated diabetic rats; O20,
oligonol 20 mg/kg body weight-treated diabetic rats. Data are expressed as mean ± SEM.
Significance: *p<0.05, **p<0.01, ***p<0.001 vs. vehicle-treated diabetic rat values.

Figure 5. p-IκBα (A) and NF-κBp65 (B) protein expressions in the pancreas. N, non-diabetic rats;
Veh, vehicle-treated diabetic rats; O10, oligonol 10 mg/kg body weight-treated diabetic rats; O20,
oligonol 20 mg/kg body weight-treated diabetic rats. Data are expressed as mean ± SEM.
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Significance: *p<0.05, **p<0.01, ***p<0.001 vs. vehicle-treated diabetic rat values.

Figure 6. COX-2 (A), iNOS (B), TNF-α (C), and IL-6 (D) protein expressions in the pancreas. N,
non-diabetic rats; Veh, vehicle-treated diabetic rats; O10, oligonol 10 mg/kg body weight-treated
diabetic rats; O20, oligonol 20 mg/kg body weight-treated diabetic rats. Data are expressed as mean
± SEM. Significance: *p<0.05, **p<0.01, ***p<0.001 vs. vehicle-treated diabetic rat values.

Figure 7. HE staining of pancreatic tissues. Original magnification x200. N, non-diabetic rat; Veh,
vehicle-treated diabetic rat; O10, oligonol 10 mg/kg body weight-treated diabetic rat; O20, oligonol
20 mg/kg body weight-treated diabetic rat. Scale bar is 100 μm.

Figure 8. Possible mechanism of the effect of oligonol on the hyperglycemia-induced pancreatic
damage.
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COX-2

TBARS (nmol/mL)
0.10 ± 0.01***
0.24 ± 0.02
0.17 ± 0.02*
0.15 ± 0.01**
Pancreas
ROS (fluorescence/min/mg protein)
10272 ± 95***
13516 ± 291
12196 ± 598*
12118 ± 218**
TBARS (nmol/mg protein)
0.22 ± 0.01***
0.41 ± 0.01
0.23 ± 0.01***
0.23 ± 0.02***
______________________________________________________________________________________________
weight-treated diabetic rats. Data are expressed as mean ± SEM. *p<0.05, **p<0.01, ***p<0.001 vs. vehicle-treated

diabetic rat values.
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Veh, vehicle-treated diabetic rats; O10, oligonol 10 mg/kg body weight-treated diabetic rats; O20, oligonol 20 mg/kg body
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Table 1. Biomarkers associated with oxidative stress in serum and pancreas.
______________________________________________________________________________________________
Diabetic rats
Item
Non-diabetic rats ___________________________________________
Veh
O10
O20
______________________________________________________________________________________________
Serum
ROS (fluorescence/min/mL)
34.2 ± 3.0***
304.6 ± 29.8
210.4 ± 23.6*
156.6 ± 23.6**
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Monomers (Flavin-3-ols)
Catechin + epicatechin
6.94
Epicatechin gallate
1.36
Epigallocatechin gallate
7.02
Dimers (procyanidins)
Procyanidin A1
6.21
Procyanidin A2
6.59
Procyanidin B1
0.43
Procyanidin B2
1.98
Epicatechin-epigallocatechin gallate
1.45
Trimer
Epicatechin-procyanidin A2
4.53
Other phenolic compounds
54.98
Total polyphenols
91.49
Miscellaneous (water, proteins, fats, etc.)
8.51
________________________________________________________
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Table 2. Phenol composition of oligonol used in the present study.
_______________________________________________________
Phenols
Composition (%)
_______________________________________________________

