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Abstract
The aim of this work was to test the hypothesis that a
moderate intake of organic purple grape juice shows a
positive radiomodifier effect over early behavioural
damage following acute X-irradiation in mice. Anxiety-,
locomotion-, and feeding-related responses to 6 Gy total
body X-irradiation (TBI) were studied via open field,
Rotarod, and feeding/drinking recording. Thirty-two
male mice weighing 25-30 g were grouped according
grape juice (J) or water (W) ad libitum drinking and
either non-irradiated (N) or irradiated (R). 24 h post-TBI
the access frequency to the center and corners of the open
field was decreased, and the total stay in the corners
increased, in RW vs. NW mice. Anxiety-related parameters decreased in RJ vs. RW mice. Rotarod latency times
increased 72 h post-TBI in RJ vs RW mice. No overall
changes in food and drink intake were observed along the
experimental period. On the irradiation day, bout
number was increased and bout duration was decreased
in RW mice. The changes were reversed by purple grape
juice intake. Grape juice intake before and after TBI can
overcome several radiation-induced changes in behaviour within 24-72 hours after sub-lethal X-irradiation.
This beneficial effect on short-term anxiety and mobilityrelated activities could probably be included in the list of
flavonoid bio-effects. The present findings could be relevant in designing preventive interventions aimed to
enhance body defense mechanisms against short-term
irradiation damage.
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EL MOSTO DE UVA TINTA COMO PROTECTOR
FRENTE A LAS ALTERACIONES AGUDAS DE
MOVILIDAD, ANSIEDAD Y COMPORTAMIENTO
INGESTIVO INDUCIDAS POR RAYOS X EN
RATONES

Resumen
El presente estudio tiene como objetivo comprobar la
hipótesis de que una ingesta moderada de mosto ecológico
de uva tinta presenta un efecto radiomodificador positivo
sobre los daños comportamentales tempranos inducidos
por la irradiación aguda con rayos X en el ratón. Se estudiaron respuestas relacionadas con el comportamiento
ingestivo, ansiedad y locomoción frente a la irradiación
aguda a cuerpo entero (TBI) con 6 Gy de rayos X, mediante registro directo de la ingestión de agua y alimento,
rotarod y open field. Se utilizaron 32 ratones macho con
un peso corporal entre 25 y 30 g, agrupados en función de
haber sido sometidos a irradiación a cuerpo entero (R) o
no (N) y de su ingesta de mosto (J) o agua (W) ad libitum.
La frecuencia de acceso al centro y a las esquinas del open
field disminuyó 24 horas después de la irradiación, mientras que aumentó la duración de la estancia en las esquinas en los ratones RW respecto a los NW. Los parámetros
relacionados con ansiedad disminuyeron en ratones RJ
respecto a los RW. No se observaron cambios significativos en la ingestión total de alimento y bebida durante los
días analizados; sin embargo, en el día de la irradiación
disminuyó el número total de episodios ingestivos al tiempo que aumentó el tamaño de los mismos. Estos cambios
revirtieron en los animales que bebieron mosto. La ingesta de mosto antes y después de la irradiación puede revertir cambios comportamentales agudos inducidos por la
irradiación subletal. El efecto beneficioso sobre la ansiedad y actividad motora a corto plazo podría ser relevante
para diseñar intervenciones preventivas encaminadas a
incrementar los mecanismos de defensa del cuerpo frente
al daño por irradiación a corto plazo.

(Nutr Hosp. 2014;29:812-821)
DOI:10.3305/nh.2014.29.4.7335
Palabras clave: Ansiedad. Comportamiento. Mosto.
Radiación ionizante. Ratón.
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Abbreviations
HPLC: High pressure liquid chromatography.
LD50/30: Radiation dose that is expected to kill half of
the exposed population within 30 days.
MDA: Malondialdehyde.
NJ: Non-irradiated mice drinking purple grape juice.
NW: Non-irradiated mice drinking water.
RJ: X-irradiated mice drinking purple grape juice.
RW: X-irradiated mice drinking water.
TBI: Total body irradiation.
Introduction
Radiation injury of the central nervous system,
consisting of the brain and spinal cord, may have
important clinical consequences. Studies have shown a
number of quick and often transient radiation-induced
changes in both rodent and human behaviour, with
median effective doses for early performance decrement between 3 and 7 Gy1. Pathophysiological consequences of ionizing radiation strike might result in cell
death or malfunction due to interaction with free highly
reactive agents such as hydroxyl radical (OH•) and
other oxygen and nitrogen reactive species, which can
damage membrane lipids, proteins and nucleic acids2.
Dysfunction of signal transduction pathways and
decrease in hippocampal neurogenesis3 have been
pointed out as directly related to cognitive deficits, and
stem-cell therapy is currently being tested as a new
approach to overcome cognitive decline associated to
cranial radiotherapy4. On the other hand, low-dose (less
than 1 Gy) ionizing radiation exposure has been shown
to activate brain-based pro-inflammatory responses
underlying early locomotor activity decrease in mice5.
Epidemiological investigations have proved that an
adequate intake of fruit and vegetables is helpful in maintaining health and preventing the development of chronic
degenerative diseases due the presence of polyphenolbased substances6,7. Among these commonly consumed
foods, grapes and their processed products –including
wine and juices– are a rich source of phenolic compounds
with significant biological activities. Animal model
studies clearly suggest the ability of grape polyphenols,
including the stilbene resveratrol, to improve neuronal
damages related to pro-oxidant conditions8, inhibiting
amyloid-beta aggregation directly related to Alzheimer’s
disease development9 and exerting neuroprotective
effects by modulating mitochondrial dysfunctions and
cell death during cerebral ischemia10.
Recent studies have investigated the functional
properties of grape products regarding radiation
damage mitigation11,12. The possible radiomodifying
effect of grape products is based on epidemiological
and experimental points of evidence about the antioxidant activity of polyphenols12-14.
While high-dose radiation behavioural effects have
been extensively studied in the past15, there are few
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indications of short-term overall behavioural modifications induced by acute ionizing radiation1. It is since
long been known that food and water intake are
depressed by ionizing radiation, and these short-term
alterations can be attributed to intestinal damage
induced by radiation. Indeed, the small intestine represents one of the major limiting tissues in radiotherapy
because of its high sensitivity to radiation16. However,
it is also conceivable that behavioural alterations in
mobility can lead to food/water intake reductions, and
it has been reported that aggressive behaviour and
locomotion were significantly decreased in mice under
10 Gy X-irradiation17. In this research we have tested
the hypothesis that a moderate intake of grape juice
shows a positive radiomodifier effect over early behavioural damage following acute X-irradiation in mice.
We have studied anxiety-, locomotion-, and feedingrelated responses of mice to a single sublethal total
body X-irradiation (TBI) and its modification due to
the intake of grape juice.
Materials and methods
Grape juice
Ecologically-produced (organic) purple grape juice
was obtained from Econatura Produtos Ecológicos e
Naturais LTDA in the city of Garibaldi, in the main
grape-growing region of the state of Rio Grande do
Sul, Brazil. Grapes were cultivated in 2007 and grape
juice was prepared from the same crop. The concentration (mg/L) of phenolic compounds in grape juice was
previously determined by high pressure liquid chromatography (HPLC) as follows: Resveratrol 3.95 ±
0.01, Quercetin 8.95 ± 0.09, Rutin 3.75 ± 0.03, Gallic
acid 81.07 ± 2.03, Caffeic acid 30.28 ± 2.0013.
Animals
This study used thirty-two male Swiss ICR/CD1
mice weighing 25-30 g (Harlan, Barcelona, Spain),
housed in groups of 4 in polycarbonate cages
(425×265×150 mm) with stainless steel lids. Environmental conditions were controlled (12-hour photophase
from 8:00 am, 800 lux average photophase illumination, 40% relative humidity, 20 ± 2 °C). Animal
handling was conducted at the animal facility of
University of León, approved according to Spanish law.
Experimental procedure
According drinking solution treatment (diluted
grape juice – J, or water – W) and irradiation (non-irradiated – N, or irradiated – R), animals were divided in
four groups (NW, NJ, RW, and RJ). After one week
adaptation, mice were allowed to drink grape juice
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(diluted 1:3 with water, referred to as ‘grape juice’
unless otherwise stated) or water, depending on their
assigned group, along seven days of treatment. The
rationale behind using diluted grape juice in NJ and RJ
animals was to provide enough water intake, since
previous trials showed decreased voluntary intake of
whole purple grape juice18. After seven days of grape
juice/water drinking, mice underwent a single dose of
X-irradiation and behavioural parameters were monitored by 3 more days (under its respective treatment).
The experimental protocol was approved by the
University of León Ethical Committee, and adhered to
the European Community Guiding Principles for the
Care and Use of Animals.
Irradiation procedure
In order to avoid undesirable behavioural sideeffects of different anesthetizing agents14,19 we used
non-anesthetized animals in the present study. Four
mice were placed on a circular Plexiglas cage 20 cm in
diameter immediately before the irradiation process.
To avoid jumping out, the container was covered with
perforated transparent film. Animals were irradiated at
a time and exposed to a single dose of 6 Gy TBI from
an X-ray machine (200 kV) MAXISHOT 200
(YXLON, Copenhagen, Denmark), at a radiation dose
rate of 0.40 Gy/min, with a source-skin distance of 50
cm. The radiation dose was chosen as sublethal
following the reported estimated LD50,30 value of 9.0
Gy for mice, irrespective of strand, sex or age20. The
actual irradiation process started about 12:00 pm. Nonirradiated animals were exposed to the same handling
procedures, but the machine was not active for them.
According Spanish legislation, irradiation procedures
were performed by qualified technical staff.

bouts, Intake size, Intake duration, Bout size, and Bout
duration) were obtained. Spillage control was
performed during the adaptation period, obtaining an
average of 0.2 g spilled food/cage/day, so that no
corrections to Intake size in the computer recordings
were considered.
Open field
Open field tests were performed based on previous
work21. Four square adjacent open field spaces were set
up with white floor and walls, each 60 cm width and 40
cm height, illuminated from above with about 150 Lux
cold light (4100 K) fluorescent bulbs. Animals were
individually placed at the center of each open field
space and a video camera (512×512 pixels) was set up
2 m high to record the trials. All four open field spaces
were tracked simultaneously using Noldus Ethovision
3.0 (Noldus Information Technology, Wageningen,
The Netherlands). Animal activity (5 min) was
recorded at 12:00 am the day prior to TBI as well as
each of the three days following TBI. Four square
corner zones 15 cm wide were defined on each open
field, leaving a center square zone 30 cm wide, and four
wall zones. The zones were later grouped into center,
corners, and walls for analytic purposes. The behavioural parameters studied were Frequency of entering
each zone (the number of times the mouse entered a
given zone of the open field arena), Total duration of
the stay (total time spent by the animal inside corners,
walls or the center of the open field arena, in seconds),
Latency to the first occurrence in each zone (time
elapsed until the mouse first entered any zone, in
seconds), and Distance moved (overall distance travelled by the mouse in each zone during the 5-min open
field test, in cm).

Feeding behaviour
Rotarod test
All animals were given ad libitum standard rodent
chow (Panlab, Barcelona, Spain) and drinking fluid
(tap water for groups NW and RW, grape juice for
groups NJ and RJ). Each mice cage lid included provision to fit one feeder and one drinking bottle hanging
from its respective sensors in a Drinking/Feeding
Monitor system (TSE Systems GmbH, Bad Homburg,
Germany). Feeding distance from the sawdust
bedding surface was 9 cm. Feeding behaviour was
daily computer-recorded for three days before TBI
(the last of which was the actual irradiation day) and
the three days next to TBI, providing daily fresh food
and fluid to every cage. On the irradiation day, the lid
containing the sensors was replaced with a standard
one and the cages were then immediately moved to the
irradiation facility with no animal handling. No food
and fluid were provided during the whole irradiation
procedure, which lasted less than 30 minutes per cage.
Daily food and fluid intake parameters (Number of
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Motor coordination was evaluated using the Rotarod
apparatus (TSE Systems GmbH, Bad Homburg,
Germany), consisting of a rotating rod 30 cm long and
3 cm in diameter divided into five compartments by
discs 24 cm in diameter. The rod rotational speed was
set at 10 rpm. Animals were given a training session
before the first trial in order to acclimate them to the
Rotarod apparatus. Latency to first fall from the rod
and number of falls were noted. The cut-off time was
120 s.
Lipid peroxidation
(TBARS assay)
TBARS levels (µmol of MDA/mg of protein) were
measured at 532 nm22. Protein contents were determined following standard procedures23.
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Statistical analysis

Open field

Lipid peroxidation data were analyzed using twoway ANOVA. Since behavioural data were recorded
from the same individuals over a number of days, the
statistical analysis procedure used was repeatedmeasures ANOVA. The experimental design used in
this work involved testing two fixed factors Treatment (water and grape juice) and Radiation (X-irradiation and sham-irradiation) and one within-subjects
factor (Day) for each behavioural variable studied.
An additional third fixed factor Zone was also
included in open field analysis. In feeding behaviour
analysis, two within-subjects (repeated measures)
factors were considered: Timing (before and after
irradiation), and Day (1 to 3 within Timing). The
Newman-Keuls test was used for post-hoc group
comparisons using Statistica v8.0 (Statsoft Inc., Tulsa
OK, USA). Results were considered statistically
significant at p < 0.05.

The data on behavioural parameters Frequency of
access, Total duration, Latency to the first occurrence,
and Distance moved obtained for the different zones
defined in the Ethovision software (center, corners, and
walls) on the day previous to TBI and the three days
following TBI for X-irradiated and sham-irradiated
animals are presented in table I. The analysis of
Frequency of access yielded significant effects for
factors Treatment [F(1, 74) = 4.036, p = 0.048], Radiation [F(1, 74) = 4.507, p = 0.037], Zone [F(2, 74) =
136.56, p = 0.000), and Day [F(3, 222) = 2.765, p =
0.042], as well as interactions Day*Treatment [F(3,
222) = 7.753, p = 0.000], and Day*Radiation [F(3,
222) = 3.184, p = 0.024]. The analysis of Total duration
in each zone provided significant effects for factor
Zone [F(2, 72) = 2242,81, p = 0.000] and interactions
Day*Zone [F(6, 216) = 2.426, p = 0.027] and
Day*Treatment*Zone [F(6, 216) = 3.569, p = 0.002].
The analysis of Latency to first occurrence revealed
significant effects for factor Zone [F(2, 50) = 50.267, p
= 0.000] and interactions Day*Treatment [F(3, 150) =
7.093, p = 0.000], Day*Radiation [F(3, 150) = 5.159, p
= 0.002], and Day*Radiation*Zone [F(6, 150) = 2.807,
p = 0.013]. The analysis of the Distance moved resulted
in significant effects for factor Zone [F(2, 50) =
74.141, p = 0.000] and interaction Day*Treatment
[F(3, 150) = 3.480, p = 0.017]. Post hoc analysis
revealed significant group differences that can be
summarized as follows. Frequency of access was
decreased in corners and walls as a result of TBI in WR
mice, and it decreased in the walls in JR mice. The
duration of the stay in the corners was increased in WR
mice but it was decreased in the walls, indicative of a
redistribution of time with a preference by the corners.
The distance moved along the walls was also significantly decreased by X-irradiation in WR mice.

Results
Organ weights and lipid peroxidation status
Both body weight and brain weight were unaffected
at the end of the experiment irrespective of grape juice
or water treatment and radiation (for groups NW, NJ,
RW, and RJ, respectively, body weight (g) was 34.5 ±
0.7, 34.2 ± 0.9, 34.0 ± 1.1, and 33.0 ± 1.1; brain weight
(g) was 0.45 ± 0.1, 0.48 ± 0.1, 0.47 ± 0.1, and 0.49 ±
0.2). A significant interaction was found between
Radiation and Treatment factors in brain lipid peroxidation [F(1, 28) = 4,865, p = 0.035], expressed as an
increase in RW mice (NW 3.92 ± 0.71; RW 6.27 ±
0.61; NJ 4.29 ± 0.68; RJ 4.03 ± 0.49 umol MDA/mg
prot). This effect was prevented in RJ mice.

Table I
Open field parameters in non-irradiated and irradiated animals
Treatment

Rad.

Zone

Frequency of access

Total duration (s)

Latency (s)

Distance moved (cm)

W
W
W
W
W
W

N
N
N
R
R
R

center
corners
walls
center
corners
walls

8.3 ± 3.5
44.6 ± 3.5
45.5 ± 3.5
4.3 ± 3.5
31.2 ± 3.5*
30.6 ± 3.5*

8.5 ± 14.6
261.0 ± 8.9
78.2 ± 8.9
9.7 ± 12.7
298.4 ± 8.9*
51.1 ± 8.9*

140.0 ± 23.0
8.2 ± 14.1
27.8 ± 14.1
168.3 ± 19.9
1.6 ± 14.1
43.3 ± 14.1

189.8 ± 179.4
1344.2 ± 109.9
1060.5 ± 109.9
149.7 ± 155.4
1142.0 ± 109.9
759.4 ± 109.9*

J
J
J
J
J
J

N
N
N
R
R
R

center
corners
walls
center
corners
walls

5.3 ± 3.5
36.5 ± 3.5
41.1 ± 3.5
4.2 ± 3.5
34.3 ± 3.5
28.8 ± 3.5*

9.1 ± 11.3
281.9 ± 8.9
69.8 ± 8.9
9.0 ± 25.3
297.5 ± 8.9
51.3 ± 11.3

113.1 ± 17.8
3.5 ± 14.1
22.8 ± 14.1
179.3 ± 39.9
0.4 ± 14.1
40.0 ± 17.8

154.2 ± 139.0
1236.9 ± 109.9
1027.0 ± 109.9
176.3 ± 310.8
1202.1 ± 109.9
763.8 ± 139.0

N: non-irradiated. R: irradiated. W: water. J: grape juice. Unweighted repeated-measures ANOVA means ± SEM of daily 5 minutes tests
conducted over 4 days. n = 8 per group. *p < 0.05 from the respective N group.
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In order to understand the contribution of the
different days on the above mentioned differences in
irradiated animals, as well as to ascertain the effects of
grape juice intake, figure 1 shows the observed

60

Water

changes in open field parameters, arranged to compare
the animal scores on the 24 h previous to TBI (the first
exposure to the open field arena) with those of the 24,
48, and 72 h following TBI.

Juice

A

Frequency

50
40
30
20
10

B
300

Time (s)

250
200
150
100
50

C
300

Latency (s)

250
200
150
100
50

D

1,600

Distance (cm)

1,400
1,200
1,000
800
600
400
200
0
ce

co
-24

wa

ce

co
24

wa

ce

co
48

Time after irradiation (h)

816
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wa

ce

co
72

wa

Fig. 1.—Frequency of access
(A), Total duration of the stay
(B), Latency to first entry (C),
and Distance moved (D) in
the center (ce), corners (co),
and walls (wa) of the open
field arena by mice drinking
water (W) or grape juice (J)
24 h before and 24, 48, and
72 h after total body irradiation. Mean values for 8 animals ± SEM. *p < 0.05 relative to water-drinking mice
values. #p<0.05 relative to
-24 h values.
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Results from figure 1A show a TBI-induced significant decrease in the frequency of access to all zones in
the open field arena in water-drinking mice at 24h postirradiation, but the values were not significantly
different afterwards. The frequency of each animal
accessing all zones increased 24h post-irradiation in RJ
compared with RW mice. It can also be observed that
the frequency of entry into corners at 48 h and walls at
72 h was significantly decreased in RJ animals. There
were no changes induced by X-irradiation in the duration of the stay in each zone at 48 and 72 h after TBI,
but the time spent at the corners was higher 24h postTBI in RW mice (fig. 1B). The duration of the stay in
the center and walls was also significantly higher in RJ
compared to RW mice on the first day post-TBI. There
was a big increase in the latency to first enter the center
in water-drinking mice at 24 h post-TBI, without
differences at 48 and 72 h. The latency to access the
center zone was significantly lowered at 24 hours postirradiation in RJ compared to RW mice (fig. 1C). The
distance moved by RW mice along the walls was
significantly decreased 24 h after TBI. The total
distance moved was significantly increased in center
and walls 24 hours after TBI in RJ compared to RW
mice (fig. 1D). This effect was not noticeable on the 2nd
and 3rd days after irradiation.
The increase of both time spent in the center zone of
the open field and the ratio center/total locomotion, as
well as the decrease in the latency to entering the center
zone, are considered as indications of anxiolysis24.
With the aim of further exploring anxiety, data from
non-radiated (-24 h) animals and radiated mice at 24 h
post-TBI were analyzed by repeated measures
ANOVA considering Treatment as main factor and
two levels of within-factor Day. Table II summarizes
data on anxiety-related open field parameters (Total
duration in the center zone, Latency to first entering the
center, and ratio Center/Total distance moved)
obtained the day prior and the day immediately next to
TBI. No significant main effects or interactions were
found involving Treatment or Day when analyzing
parameters Total duration in the center and Latency to
first entry in the center. The analysis of the
Center/Total distance ratio revealed significant interaction Treatment*Day [F(1, 30) = 5.2104, p = 0.0297].
However, post hoc tests revealed decreased total dura-

tion in the center, increased latency and decreased
center/total distance ratio in WR mice at 24 h post-TBI,
and reversed effects in JR mice, which suggest a significant decrease in anxiety markers early after TBI as a
result of the animals drinking grape juice.
Rotarod
The analysis of the time (latency) mice were able to
stand against 10 rpm rotation in the Rotarod apparatus
yielded no significant effects for factors Treatment
[F(1, 28) = 0.895, p = 0.352] and Radiation [F(1, 28) =
1.403, p = 0.246]. However, there was a significant
effect of the repeated-measures factor Day [F(3, 84) =
4.617, p = 0.004], indicative of different mobility
responses depending of the day after irradiation. A
high inter-individual variability precluded finding
significant differences in latency at -24, 24 and 48 h
post-irradiation, but post-hoc group analysis showed
that JR animals were able to maintain balance significantly longer (p = 0.026) than WR animals at 72 h postirradiation (fig. 2). Grape juice intake thus prevented
the decrease in motor coordination on the 3rd day after
TBI.
Feeding behaviour
The data for feeding behaviour parameters are
presented in figure 3. Preliminary repeated-measures
analysis using three levels each for within-subjects
factor Timing revealed no significant main effects or
interactions for fixed factors Radiation and Treatment.
However, when including a second within-subjects
factor Day, significant differences emerged from the
data set. Analyzing food intake, significant effects
were found for interactions Timing*Day in Number of
bouts [F(2, 8) = 11.309, p = 0.004], Timing*Day*
Group in Number of bouts [F(6, 8) = 6.447, p = 0.009],
Timing*Day*Group in Intake duration [F(6, 8) =
5.788, p = 0.013], factor Timing in Bout duration [F(1,
4) = 18.003, p = 0.013], interaction Timing*Day*
Group in Bout duration [F(6, 8) = 4.583, p = 0.026].
For fluid intake analysis, significant effects were found
for factor Day in Number of bouts [F(2, 8) = 13.635, p

Table II
Anxiety-related open field parameters

Treatment
W
W
J
J

Time after irradiation (h)

Total duration in the center (s)

Latency to first entry
in the center (s)

Center/Total distance
ratio

-24
24
-24
24

8.49 ± 1.51
1.97 ± 0.63#
9.11 ± 2.83
12.17 ± 2.30*

140.0 ± 25.0
241.2 ± 44.0#
113.1 ± 35.6
75.6 ± 26.0*

7.32 ± 0.51
2.26 ± 0.22#
6.38 ± 0.49
8.03 ± 0.45*

Mean values ± SEM obtained 24 h before (-24) and 24 hours after total body X-irradiation in mice drinking water (W) or grape juice (J). n = 8 per
group. *p < 0.05 from the respective W group. #p < 0.05 from the non-irradiated (-24 h) group.
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W

140

Time on Rod (s)

*

J

120
100
80
60
40
20
R

N
-24

R

N

R

24

N
48

Hours post-irradiation

= 0.002], interaction Day*Group in Number of bouts
[F(6, 8) = 12.620, p = 0.001], factor Timing in Intake
size [F(1, 4) = 74.004, p = 0.001], factor Timing in
Bout size [F(1, 4) = 35.115, p = 0.004], interaction
Day*Group in Bout size [F(6, 8) = 8.954, p = 0.003],
and interaction Timing*Day*Group in Bout size [F(6,
8) = 7.927, p = 0.005]. Post hoc group analysis
revealed a decrease in Number of bouts and Intake
duration, as well as an increase in Bout size, for both
food and fluid intake during the day X-irradiation took
place. These changes only appeared in RW mice.
The above results can be interpreted as follows.
There was no overall effect of Treatment and Radiation
on food and fluid intake parameters considering data
obtained before and after irradiation. RW mice yielded
a smaller number of both food and fluid intake bouts in
the X-irradiation day, but the amount of food/fluid
ingested per bout (Bout size) was higher, so that the
daily food/fluid intake remained similar to the other
days, either pre- or post-irradiation. It can also be
shown from figure 3 that fluid daily intake duration
was lower in the X-irradiation day for RW mice but,
since the number of bouts was also decreased, Bout
duration was not significantly altered by X-irradiation.
The same trend appears for food Intake duration, but
this parameter strongly increases in the day following
X-irradiation, keeping food bout duration higher
during the post-irradiation period. These changes in
feeding behaviour parameters induced by TBI were
reversed by grape juice supplementation, so that
number of bouts, bout size and food/fluid intake
remained within baseline values in RJ animals.
Discussion
Acute exposure to ionizing radiation has since long
been demonstrated to elicit important changes in
behaviour, both military and clinically relevant1. There

818

Nutr Hosp. 2014;29(4):812-821

R

N
72

Fig. 2.—Latency to fall from
the Rotarod (in seconds) depicted across -24, 24, 48 and
72 h post-irradiation by mice
drinking water (W) or grape
juice (J). Mean values for 8
animals ± SEM. *p < 0.05
relative to water-drinking
mice values. #p < 0.05 relative to -24 h values.

is a widely acknowledged potential for ionizing radiation to induce significant cognitive effects in adults and
children undergoing radiotherapy25, and most studies
have been focused on long-term cognitive deficits,
especially hippocampal damage-related effects. Work
on short-term behavioural effects of ionizing radiation,
either cranially or total body-administered, has also
been conducted, especially on learning and memory,
but also on motor performance (see Obenaus26 for a
review). Since previous studies by our team have
shown a positive radiomodifying effect of grape juice
on hematological parameters18 and liver13 and heart12
oxidative damage in rats, the hypothesis tested in the
present work has been that antioxidant-rich grape juice
intake can prevent acute sublethal TBI-induced effects
in mouse behaviour. Measurements were made on
anxiety, locomotion, sensorimotor coordination, and
feeding behaviour-related parameters using open field
and Rotarod observations and feeding/drinking sensor
readings. The results of the present study are suggestive that daily intake of grape juice for 7 days before
and 3 days after TBI in mice is able to modify the irradiation-induced anxiety status, as well as the decrease
in motor coordination at 72 h post-TBI. Grape juice
intake also impairs the increase in brain lipid peroxidation three days after sublethal X-irradiation. This
decrease in lipid peroxidation in the brain (as a consequence of the antioxidant effect of grape juice) has also
been observed in the cerebral cortex of rats supplemented with ‘green juice’ (prepared with orange,
apple, lettuce, cabbage, and cucumber) and orange
juice27.
Anxiety can be evaluated in the open field test by
measuring the ratio of the distance traveled in the center
to the total distance moved24. Classical behavioural parameters in the open field test can not only reflect anxiety
but also locomotor and exploratory behavior28, so that to
get a quick look at immediate overall behavioural effects
induced by radiation, the open field study was completed
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Number of bouts (fluid)

Number of bouts (food)
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Fluid intake size (mL)

Food intake size (g)
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200

Fluis intake duration (min)

Food intake duration (min)

180
160
140
120
100
80
60
40
20
1.6
Fluid Bout size (mL)

Food Bout size (g)

1.4
1.2
1.0
0.8
0.6
0.4
0.2

Food Bout duration (min)

Fluid Bout duration (min)

4.5
4.0
3.5
3.0
2.5
2.0
1.5

-48

-24

0

24

48

72

-48

-24

Time (hours)

0

24

48

72

Time (hours)

Fig. 3.—Changes in feeding behaviour parameters Number of bouts, Intake size, and Intake duration for food (right) and fluid intake along
six consecutive days in non-irradiated (N) and radiated animals (R) drinking water (W) or grape juice (J). The actual irradiation day was
day 0. Mean values for 8 animals ±SEM. In each group, means with different letters are significantly different (Newman-Keuls, p < 0.005).
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with the Rotarod test. RW mice showed decreased motor
performance relative to RJ, but this motor deficiency
showed up at 72 h, while open field behavioral changes
were more explicit at 24h post-irradiation.
Compared to non-irradiated animals, 24 h after TBI
the frequency of access to the center, corners, and walls
on the open field was decreased by X-irradiation in RW
mice (fig. 1A). Frequency of access, total duration, and
distance travelled in center and walls were increased at
24 h as a result of grape juice treatment in RJ animals
relative to RW animals, returning to values similar to
non-irradiated mice (figs. 1A, 1B, 1D). Similarly, the
total duration of the stay in the corners (fig. 1B)
increased at 24 h in RW animals with respect to NW
mice, to be decreased in RJ mice.
Open field behaviour is subjected to habituation29. It
is worth to mention that RJ mice showed a progressive
decrease in frequency of access and movement duration at the walls, while RW animals maintained
frequency values similar to those of the first open-field
exposure day (24 hours before TBI). This is in agreement with the known fact that habituation to the open
field does not develop in animals with prefrontal or
hippocampal lesions30.
There was a clear decrease in locomotor activity in
the walls of the open field in RW animals at 24 h postirradiation, which was reverted in RJ animals (fig. 1D).
Similar decreases in 24 h spontaneous motor activity
have been previously reported31 to be related to
increased cerebellar oxidative stress. Considerable
evidence has been reported of the deleterious effect of
sublethal total body irradiation on the cerebellum,
involving oxidative stress, inflammation and calcium
neurotoxicity mechanisms31,32. Moreover, increased
cerebellar lipid peroxidation in mice genetically
impaired to synthesizing ascorbic acid lead to
decreased sensorimotor function as tested by the
Rotarod apparatus and other tests33. In relation to this
we found a significant increase in oxidative stress in
RW mice brain, which was decreased in grape
juice-drinking animals with a parallel improvement in
motor coordination at 72 h post-TBI (fig. 2).
Many literature references report a decrease in total
food and water intake after ionizing radiation in mice.
Most of these studies only cite these changes, without
quantification16,34,35. A recent study on the As for meal
patterning, there are few studies addressing spontaneous feeding behaviour of mice36. After considering
reported alterations in the behaviour of individualhoused mice37 and the effects of strong magnetic fields
on feeding and drinking of mice kept in group cages38,
in this work we decided to study feeding behaviour on
groups of four animals, that is, using the whole cage as
single measuring subject. To overcome the strong
decrease in pure grape juice voluntary intake, mice
were forced to drink diluted grape juice solution as sole
source of water for seven days prior TBI, after the
initial one-week acclimation upon its arrival to the
animal house. The alternative use of oral gavage pure
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grape juice administration was discarded because of
the animal handling involved. No open-field or
rotarod-tested behavioural effects were found on the
day immediately before X-irradiation, but an unexplained decrease in number of bouts was found for NJ
mice on the second day after TBI, with no effect on
total food/fluid intake (fig. 3). However, the immediate
outcome of X-irradiation on food/fluid intake parameters was a decrease in the number of bouts and the duration of food/water intake in RW mice. These effects,
together with the increase in bout size in the TBI day
and the lack of alterations in overall food/fluid intake
size, could be attributed to motor changes rather than
gastrointestinal alterations in the immediate days
following X-irradiation. This is in agreement with
previous work reporting no alteration in intestinal
morphology at 3 days post-irradiation (10 Gy) in
mice39. Data in table I indicate that irradiated mice
decrease the duration of the stay in the open-field wall
zones and the distance walked along the walls, while
they increase the time spent at the corners. This is
suggestive of a reduced mobility 24 h after TBI, which
could help explain the changes in bout size and bout
duration on the basis of an overall depression of motile
activities. Because of the gnawing activity to feed from
food pellets in a feeder arrangement hanging from the
top of the lid, albeit at the same distance from the floor
than the tip of the fluid container, food intake should
conceivably be harder than fluid intake for an animal
less prone to moving after being irradiated, and food
bout duration (fig. 3) is consistent with this idea.
We can conclude that voluntary intake of purple
grape juice along several days before TBI is able to
overcome several aspects of radiation-induced changes
in feeding behaviour, also improving anxiety and locomotion within 24 to 72 hours after sub-lethal X-irradiation. To our knowledge, this is the first time radiationinduced behavioural changes are found to be modified
by antioxidant-rich grape juice intake in mice immediately after total body irradiation. The present findings
could be relevant in designing preventive interventions
aimed to enhance body defense mechanisms against
short-term irradiation damage.
Acknowledgments
The authors wish to express their gratitude to
Econatura Produtos Ecológicos e Naturais LTDA
(Garibaldi, Rio Grande do Sul, Brazil) for kindly
supplying bottles of organic grape juice.
Declaration of interests
The authors hereby declare not to be in situation of
known real, potential or apparent conflict of interest
that could affect their objectivity and independence in
this work.

Félix A. A. Soares et al.

11. PURPLE_01. Interacción 23/05/14 08:58 Página 821

References
1. Bogo V. Early behavioral toxicity produced by acute ionizing
radiation. Fundam Appl Toxicol 1988; 11 (4): 578-9.
2. Mishra KP. Cell membrane oxidative damage induced by
gamma-radiation and apoptotic sensitivity. J Environ Pathol
Toxicol Oncol 2004; 23 (1): 61-6.
3. Rola R, Raber J, Rizk A, Otsuka S, VandenBerg SR, Morhardt
DR, Fike JR. Radiation-induced impairment of hippocampal
neurogenesis is associated with cognitive deficits in young mice.
Exp Neurol 2004; 188 (2): 316-30.
4. Acharya MM, Roa DE, Bosch O, Lan ML, Limoli CL. Stem cell
transplantation strategies for the restoration of cognitive
dysfunction caused by cranial radiotherapy. J Vis Exp 2011; (56).
5. York JM, Blevins NA, Meling DD, Peterlin MB, Gridley DS,
Cengel KA, Freund GG. The biobehavioral and neuroimmune
impact of low-dose ionizing radiation. Brain Behav Immun
2012; 26 (2): 218-27.
6. Andersen ØM, ordheim M. The Anthocyanins. In: Andersen
ØM, Markham KR, editors. Flavonoids: Chemistry, Biochemistry and Applications. Boca Raton: CRC Press, 2006: 471-551.
7. Quinones M, Miguel M, Aleixandre A. [The polyphenols, naturally occurring compounds with beneficial effects on cardiovascular disease]. Nutr Hosp 2012; 27 (1): 76-89.
8. Sun AY, Wang Q, Simonyi A, Sun GY. Botanical phenolics and
brain health. Neuromolecular Med 2008; 10 (4): 259-74.
9. Wang YJ, Thomas P, Zhong JH, Bi FF, Kosaraju S, Pollard A,
Fenech M, Zhou XF. Consumption of grape seed extract prevents
amyloid-beta deposition and attenuates inflammation in brain of
an Alzheimer’s disease mouse. Neurotox Res 2009; 15 (1): 3-14.
10. Yousuf S, Atif F, Ahmad M, Hoda N, Ishrat T, Khan B, Islam F.
Resveratrol exerts its neuroprotective effect by modulating mitochondrial dysfunctions and associated cell death during cerebral
ischemia. Brain Res 2009; 1250: 242-53.
11. Saada HN, Said UZ, Meky NH, Abd el Azime AS. Grape seed
extract Vitis vinifera protects against radiation-induced oxidative
damage and metabolic disorder in rats. Phytother Res 2009; 23:
434-8.
12. De Freitas RB, Boligon AA, Rovani BT, Piana M, de Brum TF,
da Silva JR, Rother FC, Alves NM, Teixeira da Rocha JB,
Athayde ML, Barrio JP, de Andrade ER, de Freitas BL. Effect of
black grape juice against heart damage from acute gamma TBI in
rats. Molecules 2013; 18 (10): 12154-67.
13. Andrade ER, Cruz IB, Andrade VV, Piccoli JC, GonzálezGallego J, Barrio JP, Gonzalez P. Evaluation of the potential
protective effects of ad libitum black grape juice against liver
oxidative damage in whole-body acute X-irradiated rats. Food
Chem Toxicol 2011; 49 (4): 1026-32.
14. Barrio JP, Marina R, Costilla SM, Rodríguez JR, Fernández CL,
Ferreras MC, González P. Estudio experimental sobre los efectos
de la quercetina en la disfunción orgánica y cognitiva originada
por radiación ionizante. Trauma 2013; 24 (1): 24-32.
15. Mickley GA. Behavioral and physiological changes produced by
a supralethal dose of ionizing radiation: evidence for hormoneinfluenced sex differences in the rat. Radiat Res 1980; 81 (1): 4875.
16. Gehlot P, Goyal PK. Rectification of radiation-induced damage
in swiss albino mice by aloe vera leaf extracts (AVE). J Environ
Pathol Toxicol Oncol 2007; 5 (2): 71-8.
17. Maier DM, Landauer MR, Davis HD, Walden TL. Effect of electron radiation on aggressive behavior, activity, and hemopoiesis
in mice. J Radiat Res 1989; 30 (3): 255-65.
18. Ramos de AE, Da Costa Escobar Piccoli J, Manica da Cruz IB,
Teixeira Rocha JB, Garzo E, Marina R, Mauriz JL, Gonzalez P,
Barrio JP. Radiomodifying effect of organic grape juice supplementation on hematological parameters and organ weight in wholebody X-irradiation in rats. Nutr Hosp 2009; 24 (3): 297-303.
19. Vatine JJ, Ratner A, Rosen D, Seltzer Z. Differential sensorymotor effects of pentobarbital in intact rats genetically selected
for high vs. low neuropathic pain-related behaviour. Pain 1998;
75 (2-3): 295-303.

Purple grape juice as a protector against
acute X-irradiation induced alterations on
mobility...

20. Mickley GA, Bogo V, West B. Behavioral and neurophysiological changes with exposure to ionizing radiation. In: Zajtchuck R,
Jenkins DP, Bellamy RF, Ingram VM, Walker RI, Cerveny TJ,
editors. Textbook of Military Medicine.Washington D.C.: U.S.
Army, 1989: 103-164.
21. Vinade ER, Schmidt AP, Frizzo ME, Portela LV, Soares FA,
Schwalm FD, Elisabetsky E, Izquierdo I, Souza DO. Effects of
chronic administered guanosine on behavioral parameters and brain
glutamate uptake in rats. J Neurosci Res 2005; 79 (1-2): 248-53.
22. Rios C, Santamaria A. Quinolinic acid is a potent lipid peroxidant in rat brain homogenates. Neurochem Res 1991; 16 (10):
1139-43.
23. Lowry OH, Rosebrough NJ, Farr AL, Randall NJ. Protein
measurement with the Folin phenol reagent. J Biol Chem 1951;
193: 265-75.
24. Prut L, Belzung C. The open field as a paradigm to measure the
effects of drugs on anxiety-like behaviors: a review. Eur J Pharmacol 2003; 463 (1-3): 3-33.
25. Soussain C, Ricard D, Fike JR, Mazeron JJ, Psimaras D, Delattre
JY. CNS complications of radiotherapy and chemotherapy.
Lancet 2009; 374 (9701): 1639-51.
26. Obenaus A, Mickley GA, Bogo V, West BR, Raber J. Behavioral
and neurophysiological consequences of radiation exposure. In:
Mickelson AB, editor. Medical consequences of radiological and
nuclear weapons.Fort Detrick, MD: Borden Institute, 2012: 127-70.
27. Oliveira PS, Saccon TD, da Silva TM, Costa MZ, Dutra FS, de
VA, Lencina CL, Stefanello FM, Barschak AG. Green juice as a
protector against reactive species in rats. Nutr Hosp 2013; 28 (5):
1407-12.
28. Kanari K, Kikusui T, Takeuchi Y, Mori Y. Multidimensional
structure of anxiety-related behavior in early-weaned rats. Behav
Brain Res 2005; 156 (1): 45-52.
29. Sousa N, Almeida OF, Wotjak CT. A hitchhiker’s guide to
behavioral analysis in laboratory rodents. Genes Brain Behav
2006; 5 (Supl. 2): 5-24.
30. Kolb B. Some tests of response habituation in rats with discrete
lesions to the orbital or medial frontal cortex. Can J Psychol
1974; 28 (2): 260-7.
31. Manda K, Ueno M, Moritake T, Anzai K. Radiation-induced
cognitive dysfunction and cerebellar oxidative stress in mice:
protective effect of alpha-lipoic acid. Behav Brain Res 2007; 177
(1): 7-14.
32. Cui L, Pierce D, Light KE, Melchert RB, Fu Q, Kumar KS,
Hauer-Jensen M. Sublethal total body irradiation leads to early
cerebellar damage and oxidative stress. Curr Neurovasc Res
2010; 7 (2): 125-35.
33. Harrison FE, Yu SS, Van Den Bossche KL, Li L, May JM,
McDonald MP. Elevated oxidative stress and sensorimotor
deficits but normal cognition in mice that cannot synthesize
ascorbic acid. J Neurochem 2008; 106 (3): 1198-208.
34. Vacha J, Pospisil M, Hola J, Netikova J. The effect of acute
gamma irradiation of the head on the erythropoiesis in various
regions of the hemopoietic system in mice. Acta Vet Brno 1985;
54: 189-205.
35. Patil SL, Somashekarappa H, Rajashekhar K. Radiomodulatory
role of Rutin and Quercetin in Swiss Albino mice exposed to the
whole body gamma radiation. Indian J Nucl Med 2012; 27 (4):
237-42.
36. Gannon KS, Smith JC, Henderson R, Hendrick P. A system for
studying the microstructure of ingestive behavior in mice.
Physiol Behav 1992; 51 (3): 515-21.
37. Voikar V, Polus A, Vasar E, Rauvala H. Long-term individual
housing in C57BL/6J and DBA/2 mice: assessment of behavioral
consequences. Genes Brain Behav 2005; 4 (4): 240-52.
38. Tsuji Y, Nakagawa M, Suzuki Y. Five-tesla static magnetic
fields suppress food and water consumption and weight gain in
mice. Industrial Health 1996; 34: 347-57.
39. Chen T, Burke KA, Zhan Y, Wang X, Shibata D, Zhao Y. IL-12
facilitates both the recovery of endogenous hematopoiesis and
the engraftment of stem cells after ionizing radiation. Experimental Hematology 2007; 35: 203-13.

Nutr Hosp. 2014;29(4):812-821

821

