
The aim of this work was to evaluate, by comet assay, the possible inducing of DNA lesions in periph-
eral blood mononuclear cells of rats subjected to acute or chronic food deprivation. Wistar male rats were
subjected to 72 h of partial (50%), or total acute food deprivation, and then allowed to recover for dif-
ferent time periods (24, 48 and 72 h). In other experiments, comet scores were determined in peripheral
blood mononuclear cells of rats subjected to chronic food deprivation (25% and 50%) for 50 days. Blood
aliquots were obtained before, during and after food deprivation. Comet assay was carried out, the comet
units photographed and scored (class 0 up to 3). Acute and chronic food-deprived rats presented periph-
eral blood mononuclear cells with DNA lesions (comet classes 1, 2 and 3) and a significant increase
(p < 0.05) in the number of comet units compared with its basal level. The increase was proportional to
acute food deprivation time, but after being taken off, it progressively returned to basal level after 48 h
(partial group) or 72 h (total group). Chronic food-deprived rats presented a progressive increase of
comet score up to 5 days, and a decrease thereafter to reach a basal level. Possible mechanisms of DNA
lesions are discussed.
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INTRODUCTION

Acute partial or total food deprivation is a stressful situation which induces activa-
tion of the hypothalamic-pituitary-adrenal axis, leading to an increased release of
adrenocorticotropic hormone from anterior pituitary, and glucocorticoids from adren-
al cortex [11, 23, 47]. As a consequence, important physiological alterations occur in
fluid balance [20], cardiovascular [43], respiratory [38] and antioxidant systems, as
well as peroxidant levels [3].
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Cognitive deficits [46] and increased motor activity [2] have been observed in ani-
mals subjected to food deprivation. These alterations may be explained by modifica-
tions in neurotransmitter systems associated with this condition [8, 15].

On the other hand, partial chronic food deprivation has been correlated to improv-
ing the declining physiologic functions [16, 26], extending lifespan [4, 49, 50],
reducing levels of damage to mitochondrial and nuclear DNA, and more resistance
to stress [40, 41], preventing or decreasing the severity of neoplasms and autoim-
mune diseases [6, 22], as well as attenuating various inflammatory reactions [28, 31].
These effects, which have been associated to decreasing the oxidative metabolism,
could be involved with DNA damage and apoptosis [6, 27, 39].

To date now the possible effects of stress related to acute food deprivation and the
continued evaluation upon chronic food deprivation, in causing DNA lesions evalu-
ated in peripheral blood mononuclear cells (PBMC) by the comet assay, have not
been studied.

In the comet assay, the PBMC nucleus can be investigated by electrophoresis in
agarose gel which evaluates lesions and the repair of the DNA in individual cells
[29]. DNA damage either by chemical or physical agents can be evaluated by means
of this method [12, 35, 44].

The aim of this work was to verify the possible induction of DNA strand breaks
in peripheral blood mononuclear cells of rats subjected to acute or chronic food
deprivation using the comet assay.

MATERIAL AND METHODS

Animals

Adult male Wistar naive rats (n = 20, 3–4 months of age, body weight 250–350 g)
from our own colony were used for this study. The animals, placed in standard boxes
(33 × 40 × 17 cm), were housed in a room under controlled environment: normal
light/dark cycle conditions (12 h light/12 h dark; lights on at 6:00 a.m.). Animals
were maintained in an ambient with temperature at 23 ± 2 °C. Experiments were con-
ducted in accordance with the Department Committee of Animal Care.

Acute food deprivation and recovery

Rats (n = 10) were subjected to partial (50%) or total (100%) food deprivation, in
standard boxes, for up to 72 hours. The recovery of the animals was performed after
discontinuation of food deprivation, when the animals had free access to water and
food for up to 72 h. Average food intake was determined as food intake average in a
week when these animals had free access to food and water. The same animals were
used prior to this procedure to determine the basal level.
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Chronic food deprivation and recovery

Rats (n = 10) were subjected to partial (25% or 50%) food deprivation for 50 days.
Average food intake and basal level were determined as in acute food deprivation
experiment.

Aliquot procedure

Aliquots of periphery blood were obtained at different time intervals of deprivation
and recovery (0, 24, 48, 72 h) for acute, and at different days for chronic studies. The
blood aliquots were obtained by simple puncture in posterior limb fingers and imme-
diately mixed with heparin for the comet assay procedure.

Comet assay procedure

Glass microscope slides, frosted at one end, were precoated with 1.5% normal
agarose in milli-Q water type. These slides were allowed to air-dry overnight prior to
use. A 0.5% low-melting-point (LMP) agarose mixture in PBS was melted and main-
tained at 37 °C; 120 μl of LMP agarose was then added to 10 μl of blood sample and
the resultant mixture was pipetted onto a precoated glass microscope slide and
allowed to gel for 5 min before being transferred to an ice tray. The slides were then
immersed in ice-cold lysing solution (100 mM EDTA, 10 mM Tris, 1% Triton X-100,
10% DMSO, 2.5 M NaCl, pH 10.0) for 1 h. After lysis the slides were placed onto a
flat bed electrophoresis tank (1.0 V/cm, 300 mA for 25 minutes) and covered (5–6
mm) with alkaline denaturing solution (300 mM NaOH, 1 mM EDTA, pH > 13, 25
minutes). The slides were then stained with ethidium bromide (40 μg/ml), covered
with slipped and examined at ×250 magnification under a fluorescent microscope
(Zeiss-Jenamed) using green light from a 50 W mercury source with a 580 nm reflec-
tor and a 590 nm barrier filter set.

Scoring procedure

Analyzing slides, nuclei were visually classified, according to the fragment migra-
tion (tail size), to one of four classes (0, 1, 2, 3). Class 0 means undamaged nucleus
and that there is no formation of tail. In class 1, nucleus has a short tail, smaller than
the diameter of the nucleus; class 2, tail length is of between 1 and 2 times of that of
the diameter of the head. Nucleus maximally damaged is allocated to class 3, where
tail is at least twice so long than the diameter of the nucleus. For each slide, 50 nuclei
were randomly observed, always from the left to the right side, and the number of
arbitrary units (NAU) was obtained by multiplying the number of cells in each class
(nx) by the damage class [NAU = (0×n0)+(1×n1)+(2×n2)+(3×n3)] and ranged from
0 to 150.
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Statistical analysis

The comet scores, in arbitrary units, for rat blood cells subjected to food deprivation
or recovery were analyzed by ANOVA, followed by Bonferroni post-test with a sig-
nificance level of p < 0.05. InStat Graphpad software was used to perform statistical
analysis (GraphPad InStat version 3.00 for Windows 95, GraphPad Software, San
Diego California, USA).

Fig. 1. Photomicrographs of nuclei of peripheral blood mononuclear cells (PBMC) on glass microscope
slides after lysis. Wistar rats were subjected to food deprivation. Blood samples were obtained at differ-
ent time and conditions of food deprivation (partial and total) and comet assay performed. After that, the
slides were analyzed for nuclei classification, according to the migration of fragments (tail size), to one
of four classes (0, 1, 2, 3). Class 0 means undamaged nucleus and that there is no formation of tail. In
class 1, nucleus has a short tail, smaller than the diameter of the nucleus; class 2, tail length is between
the double or more of the diameter of the head. Nucleus maximally damaged is allocated to class 3, where
the tail is twice, or even longer than, of the diameter of the nucleus. For each slide, 50 nuclei were ran-
domly observed, always from the left to the right side, and the number of arbitrary units (NAU) was
obtained multiplying the number of cells in each class (nx) by the damage class [NAU = (0 × n0) +
+(1×n1)+(2×n2)+(3×n3)] and ranged from 0 to 150. (a) Comet class 0; (b) comet class 1; (c) comet

class 2; (d) comet class 3



RESULTS

Figure 1 shows typical comets (0, 1, 2 and 3 classes) from nucleus of peripheral
blood mononuclear cells (PBMC) from Wistar rats subjected to food deprivation.
Class 0 represents the undamaged nuclei of PBMC with absence of DNA strand
breaks and without the comet tail (Fig. 1a). Figure 1b represents the class 1, where
the nucleus has a short tail, smaller than the diameter of the nucleus, presenting DNA
strand breaks at minimal level. In class 2, the comet presents a tail length of between
one or twice of that of the diameter of the nucleus and a medium level of DNA strand
breaks (Figure 1c). Figure 1d represents a maximally-damaged nucleus (class 3), rep-
resenting the maximal level of strand breaks in DNA molecule, and the comet tail is
at least twice longer than the diameter of the nucleus. 

Comet values PBMC in rats subjected to acute partial food deprivation (50%
group) and recovered for different periods of time are shown in Figure 2. A signifi-
cant and progressive increase (p < 0.05) of comet scores with the time of food depri-
vation, is seen, returning progressively to the basal level (comet scores before food
deprivation), after 48 h of deprivation recovery.

Figure 3 shows the comet scores in rats subjected to acute total food deprivation
(100% group) and recovery for different periods of time. This figure shows that the
comet scores increased progressively and significantly (p < 0.05) during the time of
food deprivation, returning to the basal level after 72 h of recovery.
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Fig. 2. Comet score in peripheral blood mononuclear cells from rats subjected to partial (50%) acute food
deprivation. Wistar rats were subjected to food deprivation for up to 72 h and recovered for 72 h. Blood
samples were obtained for each time (0, 24, 48 and 72 h) of food deprivation and recovery and comet
assay was performed (**p < 0.01; ***p < 0.001; ns: not significant). Columns represent comet scores
(arbitrary units) in peripheral mononuclear blood cells from the five rats. Results are means of triplicate

determinations (each rat generated three slides); error bars represent standard error
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Fig. 3. Comet score in peripheral blood mononuclear cells from the rats subjected to total (100%) acute
food deprivation. Wistar rats were subjected to food deprivation for up to 72 h and recovered for 72 h.
Blood samples were obtained for each time (0, 24, 48 and 72 h) of food deprivation and recovery and
comet assay was performed. (*p < 0.05; **p < 0.01; ***p < 0.001; ns: not significant). Columns represent
comet scores (arbitrary units) in peripheral mononuclear blood cells from the five rats. Results are means

of triplicate determinations (each rat generated three slides); error bars represent standard error

Fig. 4. Comet score in peripheral blood mononuclear cells from the rats subjected to 25% of chronic food
deprivation. Wistar rats were subjected to food deprivation for up to 50 days. Blood samples were
obtained for different time of food deprivation and comet assay performed (**p < 0.05; ***p < 0.01; ns:
not significant). Columns represent comet scores (arbitrary units) in peripheral mononuclear blood cells
from the five rats. Results are means of triplicate determinations (each rat generated three slides); error

bars represent standard error



The data presented in Figures 2 and 3 show that the comet scores in rat PBMC
reach, in total food-deprived animals (100% group) a level twice as that observed in
rats subjected to the partial schedule (50% group).

Figure 4 shows the comet values of PBMC in rats subjected to 25% of food depri-
vation for 50 days. These data are deemed significant by increased (p < 0.05) comet
scores for up to 3 weeks of food deprivation. Afterwards the comet scores return pro-
gressively to control level.

As was observed with rats subjected to 25% food deprivation, animals in a chron-
ic schedule of 50% food deprivation presented a progressive increase (p < 0.05) and
a decrease (p < 0.05) of comet scores with the time (Fig. 5).

In addition, data in Figures 4 and 5 show that rats subjected to 25% or 50% of
chronic food deprivation present similar levels of comet scores in PBMC.

DISCUSSION

The comet assay is a method which has been used to estimate the extent of DNA
damage in eukaryotic cell chromosome [10, 12, 37]. The major advantage of the
comet assay over other methods of measuring DNA damage, such as pulse-field gel
electrophoresis, is that the information acquired considers the distribution of DNA
damage among individual cells within a sample population. In addition, only a small
number of cells is required, allowing for examination of a large number of experi-
mental conditions from a single-treated population of cells.
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Fig. 5. Comet score in peripheral blood mononuclear cells from the rats subjected to 50% of chronic food
deprivation. Wistar rats were subjected to food deprivation for up to 50 days. Blood samples were
obtained for different time of food deprivation and comet assay performed (*p < 0.05; ***p<0.001;
ns: no significant). Columns represent comet scores (arbitrary units) in peripheral mononuclear blood
cells from the five rats. Results are means of triplicate determinations (each rat generated three slides);

error bars represent standard error
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The DNA strand breaks in PBMC, which contain a part of pool leukocytes, were
evaluated before, during and after food deprivation by the comet assay. The comet
class 0 was observed frequently in PBMC from animals not subjected to food depri-
vation (Fig. 1a) while comet classes 1, 2 and 3 were observed mainly in PBMC from
animals subjected to food deprivation (Figs 1b, 1c and 1d).

The results obtained in this study show that in acute or chronic food deprived rats
the comet scores in PBMC are proportional to deprivation time. In the acute sched-
ule, it was ascertained that after 48 h and 72 h of recovery, respectively, the animals
subjected to partial (50%) or total (100%) food deprivation displayed a progressive
count of comets similar to basal level (before deprivation) (Figs 2, 3). For the chron-
ic schedule, after 50 days of food deprivation, DNA fragmentation is similar to that
observed in control level (Figs 4, 5).

Food deprivation has been shown to increase lifespan in various species [48], ame-
liorating diseases and reverse most physiological changes associated with aging [25].
These positive effects have been associated with the decrease of oxidative stress
and/or increase of antioxidant status (turnover of antioxidant systems) [17]. 

However, some results have demonstrated that total or partial food deprivation in
an acute schedule can enhance aging [42], ischemia-reperfusion injury [14] and tox-
icity to chemicals [24, 39]. These conditions have in common the production of free
radicals leading to oxidative stress. Natural protection against free radicals is done by
some defense mechanisms which include antioxidant enzymes (superoxide dismu-
tase, catalase, glutathione peroxidase, glutathione reductase, etc.), and low molecu-
lar weight antioxidants (reduced glutathione, vitamins E and C, etc.) [7, 30]. Acute
food deprivation leads to depletion of antioxidant stores and increased free radical
generation [13, 34, 45]. Thus, the increased DNA fragmentation in peripheral blood
cells of rats subjected to acute partial or total food deprivation (Figs 2 and 3) and up
to 5th day of partial chronic food deprivation (Figs 4 and 5) could be caused by an
increase of production of free radicals and reduction of defense mechanism system.
This condition is reversed by interruption of food deprivation suggesting that the
antioxidant mechanisms and free radical generation return to normal levels similar to
observed in animals fed ad libitum (Figs 2 and 3).

Chronic food deprivation can prolong lifespan [36] and also enhances health and
cellular resistance to disease [1]. It has been demonstrated that dietary restriction
confers protection against aging and stress [9, 33, 41] and that these effects may
occur by decreasing free radical production in oxidative metabolism [5, 19, 39].
Other studies have shown that chronic food deprivation increase antioxidant
enzymes activity such as catalase, glutathione peroxidase and Cu/Zn- and Mn-super-
oxide dismutases, react with free radicals, preventing oxidative DNA damage [17,
32]. A decline of activity of these enzymes with age could result in an accumulation
of DNA damage [17, 21, 32]. Food restriction attenuated the age-related increase in
oxidative DNA damage and the effects on decline in the activities of increased
antioxidant enzymes [18]. However, changes in oxidative DNA damage with food
restriction do not appear to be due to an alteration activities of antioxidant enzymes
increased [18]. In addition, studies have not been found any convincing evidence of



differential effects of restricted diets on markers of genetic instability and oxidative
stress [17].

Thus, the reduction of oxidative metabolism, decreasing the production of free
radicals in experiments of prolonged dietary restriction, could explain the progres-
sive decrease of DNA fragmentation in peripheral blood cells of rats subjected to par-
tial chronic food deprivation obtained in this work. Our findings are in agreement
with other data which suggested an increase of DNA fragmentation in peripheral
blood cells from rats at the beginning of diet restriction and a decrease after three
months [17]. However, additional studies are necessary to demonstrate the direct
relationship between altered endogenous antioxidant agents and DNA lesions as well
as the possible participation of mediators in this response. 

The data presented in this work demonstrate that the comet assay could be used to
evaluate induction of DNA strand breaks in peripheral blood mononuclear cells of
rats subjected to stress conditions and suggest that stressful situations, including food
deprivation, could induce damage to the DNA of these cells.
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