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Summary

In this study male C57BL/6] (B6) mice were used to determine the possible
effects of our Hungarian tart cherry extract in a chronic obesity mouse model on
antioxidant capacity.

The control group received standard mouse chow, the high fat control group
was switched to high fat diet and tap water supplemented with 5% sucrose. The
high fat+anthocyanin group received the high fat and sucrose diet, but dissolved
in the drinking water they received anthocyanin-rich tart cherry extract. After six
weeks, the antioxidant capacity and SOD activity were measured. Antioxidant
capacity was decreased with a significant elevation of SOD activity. The tart
cherry extract made a significant enhancement in antioxidant capacity and SOD
activity. Our results show that chronic anthocyanin intake has a potential to
enhance redox status associated with obesity.
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Introduction

Obesity is one of the most widespread metabolic diseases and also one of
the biggest challenges for health care. Prevalence of obesity has increased
threefold in the past decades, involving adults as well as children living
not only in developed, but developing countries (Mirsa and Khurano,
2008).

The B6 mouse is an important model for understanidng the interplay
between genetic background and environmental impacts (e.g. high-
fat/high-calorie diets) that predispose to the development of the
metabolic syndrome. The B6 mouse is a particularly good model of the
human metabolic syndrome because in case of high-fat diet it develops a
syndrome of obesity, hyperinsulinemia, hyperglycemia, and
hypertension (Surwit et al., 1988) as well as deteriorate plasma
antioxidant status (Jeung et al., 2009). At the same time, the mouse
remains lean and physically normal when receive low-fat chow.
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Sour cherries (Prunus cerasus) are very good source of natural
antioxidants such as vitamins A, B1, B2, C, E, K, melatonin, anthocyanins
and other phenolic compounds (Homoki et al., 2016). Anthocyanins are
natural colorants belonging to the flavonoid family. They are widely
distributed among flowers, fruits, and vegetables (Kong et al., 2003;
Koponen et al., 2007; He and Giusti, 2010). Furthermore, anthocyanins
have multiple biological roles for example they are able to reduce the
production of reactive oxigen species (ROS), and in addition they can
also scavenge excess ROS and protect antioxidant enzymes from
inactivation (Gould et al., 2008). Moreover Wang et al. (1999) and Sari¢ et
al. (2009) have demonstrated the anti-inflammatory properties of sour
cherry anthocyanins (SCA), and that they increase the level of superoxide
dismutase (SOD) in liver and blood, as well as Guo et al. (2008) proved
SCA decrease the blood sugar level (and showed anti-obesity and anti-
diabetic effects). By historical results, we know Hungarian tart cherries
containe for types of anthocyanin compounds: cyanidin-3-O-rutinoside,
cyanidin-3-O-glucoside, malvidin-3,5-O-diglycoside and cyanidin-
glucosyl-rutinoside (Homoki et al, 2016) in extremely high
concentrations.

Material and methods

Fruit samples

The Hungarian sour cherry ,VN1” variety (selected from ,Cseng6di
csokros”) was selected for the experiment. The fruit samples originated
from Research and Consulting Institute for Fruitgrowing, Ujfehérté were
collected between June and July of 2012, and were frozen immediately
after picking, and were carried to the laboratory where they were kept in
cold (-20 °C) dark store (Homoki et al., 2016).

Preparation of Athocyanins

The tart cherry sample was deseeded, homogenized with a Braun
Multiquick mixer, and extracted with ethanol:water:acetic acid=25:24:1
solvent. The mixture was mixed using Magnetic stirrer MSH 300
(BIOSAN) for 1 h, than filtered, centrifuged (SIGMA 2-16 SARTORIUS)
for 5 min at 10 000 rpm and were further purified. For easier separation
of anthocyanins, a simple fractionation of sour cherry extracts was
performed using preconditioned Supelclean ENVI-18 SPE tubes (Kim et
al., 2005). The tubes were conditioned with 5 ml EtOH then with 5 ml
H>0O and finally 1 ml of fruit sample was applied. The anthocyanins were
eluted with ethanol containing 20% water. Solvent was evaporated at 40
°C with Heidolph rotary evaporator (Germany) (Homoki et al., 2016).
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Ethics
All experiments involving mice were conducted in accordance with the
European Community guiding principles for care and use of
experimental animals and the University of Debrecen Ethics Committee
for Animal Research.

Thirty-five male C57BL/6] mice (obtained from Innovo Ltd, the local
distributor of The Jackson Laboratory) were used throughout the study.

Treatment of animals

Male C57BL/6] mice were kept in polycarbone cages with controlled
temperature (22-24 °C) and relative humidity level (50-70%) under a 12 h
light:dark cycle (lights off at 7 am). The animals were fed standard mouse
chow (58106- S011 SM R/M-Z+H; ssniff Spezialdidten GmbH, Germany)
and allowed free acces to tap water during the one-week acclimatization
period.

Mice were randomly divided into three groups after acclimation. The
diet of control group (n=11) contained standard mouse chow and tap
water ad libitum. The second group (n=12) was switched to high fat diet
(RM AFE 45% FAT SY (P), Special Diets Services, United Kingdom) and
tap water supplemented with 5% sucrose. The third group (n=12)
received high fat diet and sucrose as the second group did but dissolved
in the drinking water they also received anthocyanin-rich tart cherry
extract. The tart cherry extract and sucrose solutions were freshly
prepared every day.

The experimental protocol lasted for six weeks. The water
consumption was registered on a daily basis and the anthocyanin
solution was prepared accordingly to maintain the daily dosage protocol
(60 mg kg1).

Blood samples

After the experimental period mice were sacrificed, blood samples were
taken. 500 pl whole, fresh blood was centrifuged for 10 min at 3000 rpm.
Erythrocyte sediment (max 500 pl) was re-suspended three times in 1.5
ml normal saline solution and centrifuged again for 5 min at 3000 rpm
each time. Supernatant was discarded. Lysis of the erythrocytes was
achieved by adding 1 ml cool water to the sediment and storing the
sample at 4 °C in the dark for 15 minutes. Then it was centrifuged for 5
min at 4 °C at 3000 rpm. The upper phase was frozen and stored at -70 °C
for subsequent determinations.
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Determination of antioxidative capacity in water-solube substances (ACW) by
photochemiluminescence method (PCL) using the Photochem instrument

The PCL method was carried out as described by Popov and Lewin
(1994). In the PCL assay the photochemical generation of free radicals is
combined with the sensitive detection by using chemiluminescence. The
hydrophilic antioxidants of the plasma was measured in the Photochem
with the ACW kit (Analytik Jena, Jena, Germany). 10 pl prepared plasma,
1.5 ml reagent 1 (buffer solution pH 10.5), 1 ml reagent 2 (water) and 25
pl reagent 3 (photosensitizer) were mixed and measured. These are
standardised conditions, so the results are comparable to other assays.
The antioxidant potential was assayed by means of the lag phase.

Determination of the antioxidant capacityof the Enzyme SOD by PCL method
using the Photochem instrument

The antioxidant capacity of the enzyme SOD were measured with the
ACW kit (Analytik Jena, Jena, Germany). 10 pl prepared red blood cell
(RBC), 1.5 ml reagent 1, 1 ml reagent 2 and 25 pl reagent 3
(photosensitizer) were mixed and measured. SOD-enzyme (Superoxide
Dismutase, Sigma Aldrich, Germany) was used as standard (Popov and
Lewin, 1999).

Statistics

Data were presented as mean+SEM. All data were analyzed with one-
way analysis of variance (ANOVA) followed by a modified t-test for
repeated measures according to Tukey’s method.

Results

Effect of anthocyanin treatment on ACW

Table 1 represents the effect of anthocyanin treatment on plasma levels of
ACW. In case of mouse (1-12), the values are mean of the three
replicates+SD. The average data show the mean of the all values in each
group.

As shown, ACW concentrations were reduced by half due to high fat
diet. This difference is significant between the control and high fat
control group. Anthocyanin treatment could effectively prevent the
decrease, furthermore, high fat+anthocyanin mice even showed a slight,
but significant increase in ACW levels compared to healthy controls.

Effect of anthocyanin treatment on SOD

The values the SOD enzyme of RBC was presented in Table 2. Because of
higt fat diet and sucrose, the levels of SOD increased significantly in high
fat control group by the end of the experimental period. It is an increase
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of 12 percent between the control and the high fat control groups. On the
basis of results, anthocyanin treatment effectively prevented the
differences seen in high fat controls.

Table 1. The effect of anthocyanin treatment on plasma levels of ACW

Number of mouse Control High fat control High fat + anthocyanin
1 10.21+0.16 4.83+0.08 10.17+0.35

2 9.87+0.02 5.10£0.36 10.38+0.23

3 9.36+0.40 4.86+0.12 10.63+0.34

4 9.02+0.13 5.00£0.16 10.14+0.36

5 9.4240.07 5.35+0.14 11.78+0.34

6 9.93+0.21 4.590.11 10.84+0.29

7 9.4240.18 5.17+0.03 10.20+0.20

8 9.94+0.08 4.73+0.06 11.3240.16

9 10.21+0.06 4.74+0.08 11.65+0.19
10 9.99+0.09 4.25+0.04 11.2440.33
11 9.53+0.09 4.500.12 11.38+0.50
12 - 4.80+0.05 11.7940.16
Average 9.720.19 4.82+0.15* 10.96+0.32*#

Note: the * indicates significant difference (p<0.05) from the control group. The # indicates
significant difference (p<0.05) between the high fat control and the high fat+anthocyanin

groups.
Table 2. The effect of anthocyanin treatment on plasma levels of SOD

Number of mouse Control High fat control  High fat + anthocyanin
1 168.23+1.55 192.78+1.46 178.26+2.12

2 172.61£1.12 184.16+1.86 168.92+1.97

3 167.93+1.13 175.69+2.03 168.20+2.66

4 167.26+1.05 190.84+0.89 168.64+2.03

5 167.33+1.44 195.17+0.67 164.59£1.37

6 172.53+1.81 187.77+0.72 172.69+0.24

7 167.11£1.21 190.44+1.47 169.44+2.62

8 167.45+2.41 195.88+1.03 173.08+0.93

9 163.42+0.72 183.05+1.70 171.11£2.39

10 172.38+1.94 191.31+1.63 166.35+1.36

11 172.28+1.83 191.63+0.42 166.63+1.01

12 - 193.53+1.13 167.08+0.71

Average 168.96+1.52 189.3542.92* 169.58+1.87#

Note: the * indicates significant difference (p<0.05) from the control group. The # indicates
significant difference (p<0.05) between the high fat control and the high fat+anthocyanin

groups.

Conclusion

In our in vivo experiment the combination of high fat diet and drinking
water supplemented with sucrose significantly decreased levels of ACW
in the six week experimental period, and increased levels of SOD.
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However, anthocyanin treatment in obese mice effectively prevented
the differences seen in high fat controls.

In sum, our group demonstrated that anthocyanin intake has a
potential to enhance redox status.
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