Effects of quercetin on predator stress-related hematological
and behavioural alterations in pregnant rats and their offspring
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This study aims at investigating the effect of a psychogenic stress during gestation on the behaviour and haematological indices in dams as well as on the neonatal haematological status and periadolescent behaviour in their
offspring. Moreover, the ability of quercetin, a natural flavonoid, to prevent the stress-induced changes was estimated.
Pregnant Wistar rats were pretreated with quercetin before the exposure to a predator stress on gestational day 19.
Post-stress maternal anxiety-like behaviour was assessed with a concomitant haematological analysis. In the offspring,
haematological analysis and behavioural testing were performed during the postnatal stage. Our results revealed that
predator stress causes an anxiety-like behaviour in dams along with a decrease in erythrocytes, a microcytosis, and a
thrombocytosis. Prenatally stressed neonates manifested microcytosis and thrombocytosis with a significant polycythemia. Signs of motor hyperactivity, anxiety-like behaviour, and memory dysfunction were detected at periadolescence. Quercetin pretreatment alleviated the stress-induced behavioural and haematological impairments in dams but
failed to attenuate the haematological changes in neonates. A sex-dependent effect of quercetin on behaviour was
found at periadolescence. Our findings suggest that, besides a beneficial effect on haematological and behavioural
anomalies in traumatized dams, quercetin may lastingly modulate the behaviour of their progeny.
[Toumi ML, Merzoug S and Tahraoui A2016 Effects of quercetin on predator stress-related hematological and behavioural alterations in pregnant
rats and their offspring. J. Biosci. 41 237–249] DOI 10.1007/s12038-016-9613-1

1.

Introduction

Psychotraumatic stress during pregnancy is a prominent medical
concern. Pregnant women who experienced severe, lifethreatening events have been found to develop anxiety symptoms, physiological alterations and various gestational complications such as preeclampsia, fetal distress and spontaneous
abortions (Chang et al. 2002; Engel et al. 2005). The impact of
such intense, stressful conditions in the offspring at later postnatal stages of development has also been shown to be as
Keywords.

deleterious as their effect on the maternal organism (Koenig
et al. 2005). Human studies revealed that infants whose mothers
witnessed violent incidents during pregnancy, such as earthquakes, exhibit several neuropsychiatric diseases, including anxiety, attention-deficit/hyperactivity disorder (ADHD),
schizophrenia and memory disabilities (O'Connor et al. 2002;
Talge et al. 2007). In this respect, because the human clinical
observations are unique to the temporal and contextual occurrence of each traumatic event, the predator stress was used in
rodents for studying these aspects at different gestational stages
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(Patin et al. 2005). Predator stress is a natural and speciesrelevant model that mimics life-threatening situations in human
beings because its application is accompanied by an acute sense
of fear, agitation, and helplessness (Adamec et al. 1998). It has
been reported that stress experience at late gestational periods is
associated with long-term neurobehavioural abnormalities in
offspring (Baker et al. 2009). These long-term outcomes are
thought to be inherent in the ability of well-differentiated fetal
systems to perceive and react to the maternal stress factors
(Dupouy et al. 1975; Patin et al. 2005). However, it has been
argued that the effects of any gestational stressors on offspring
are mediated through amendments to the fetal oxygen supply as
a result of haematological and vascular changes due to the
activation of sympathetic pathways (Bassett and Cairncross
1975; Bassett and Cairncross 1976; Chapillon et al. 2002).
Nevertheless, the stress-induced behavioural alterations in both
dams and offspring somehow related with the underlying hematological variations are still unclear.
Nowadays, there is growing interest in natural flavonoids for pharmacological uses in preclinical studies due
to their beneficial health effects (Zhang 2004). Quercetin
(3,5,7,3′,4′-pentahydroxylflavone), the most abundant flavonoid in the human diet (Duthie and Dobson 1999), has
been documented to possess anti-anemic, anti-inflammatory, anti-thrombotic, anti-anaphylactic and antioxidant
actions (Hollman and Kata 1999). Moreover, quercetin
was found to exert potent neuroprotective effects and
prevent stress-induced neurobehavioural disorders in rats
such as anxiety, depression and cognitive dysfunctions
(Kawabata et al. 2010). Recent experimental investigations, dealing with neuropsychiatric disorders, also highlighted the potential anxiolytic-like and memoryenhancing effects of quercetin in rodents (Selvakumar
et al. 2013). These findings are strengthened by evidence
indicating that quercetin-rich medicinal plants, such as
Ginkgo biloba and Hypericum perforatum (St. John’s
wort), can attenuate cognitive dysfunctions and anxiety
signs in valid behavioural paradigms (Ma et al. 2012;
Prakash et al. 2010).
The aim of the current study was to investigate the effect
of predator stress, applied at late gestation period in rats, on
both immediate maternal and lasting offspring behaviours as
well as on their perinatal haematological profiles.
Additionally, we estimated the ability of quercetin to prevent
predator stress-related changes.

2.
2.1

Methods

Animals and acclimatization

Three-month-old male and virgin female Wistar rats were
obtained from Pasteur Institute (Algiers, Algeria).
J. Biosci. 41(2), June 2016

Weighing 220±10 g upon arrival, the animals were
housed in large polyethylene cages (58×38×19 cm, 4 rats
per cage for each sex) at standard facility conditions of
temperature (25±2 °C), humidity (65±5 %) and 12 h light/
12 h dark photoperiodic cycle (lights on at 07:30 h). A 6month-old male domestic cat weighing approximately
1.6 kg was used for the predator stress. The cat was
housed alone in a separate facility room under a natural
light/dark cycle with the same temperature and humidity
standards. Throughout the housing and experimental periods, all the animals were supplied with commercial food
and tap water ad libitum. The entire experimental procedures have been processed according to the revised policies of the National Institute of Health Guide for the Care
and Use of Laboratory Animals (NIH Publications No.
80–23, 1996).

2.2

Mating

Two weeks later, 52 female rats weighing 260±5 g were
randomly taken and individually housed in medium polyethylene cages (44×28×15 cm). The estrus cycle phases were
determined in all females by a standard cytological method
(Freeman 1994). Each proestrus female was then mated
overnight with one sexually experienced male. In the morning, the presence of sperm plugs in the vaginal smears
indicated the first (1st) day of gestation. Once pregnant, the
female rats were singly kept in their home cages for the
entire experimental period.

2.3

Experimental groups and quercetin pretreatment

The pregnant females were divided into four groups (13
rats per group): unstressed dams pretreated with vehicle
(Control, C), unstressed dams pretreated with quercetin
(Q), predator-stressed dams pretreated with vehicle (PS)
and predator-stressed dams pretreated with quercetin (Q +
PS). Q and Q + PS rats were pretreated with quercetin for
6 successive days, from the 14th to the 19th day of
gestation. Quercetin (Quercetin Dihydrate, 98 % purity
powder; Sigma-Aldrich Co., Steinheim, Germany) was
dissolved in warm saline (Brookes et al. 2002), and freshly administered by gavage at 50 mg/kg of body weight/day
(in a volume of 1 mL/kg of body weight) at 09:00 h;
vehicle groups (C and PS) received an equal volume of
warm saline at the same gestational period.The temperature of the saline used was 40 °C. The dose and duration
of treatment were shown to be very effective in male rats
(Luangaram et al. 2007). Moreover, our previous study
revealed that this administration has no teratological
effects (Toumi et al. 2013).
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2.4

Predator stress procedure

The predator stress was performed on gestational day 19
(GD 19), at least two hours after the last quercetin or vehicle
administration. At GD 19 in rats, the fetal organs are welldifferentiated, and sensory capacities are grossly acquired
(Patin et al. 2005). During 15 min, the pregnant female was
placed in a transparent Plexiglas box (28 × 9 × 14 cm) that
was enclosed in a large Plexiglas box (57×57×76 cm) containing the cat. Both boxes were appropriately perforated to
elicit ventilation. The apparatus allows rats to perceive the
feline visual, olfactory and acoustic cues while forbidding
any physical contact between animals (Park et al. 2008). All
stress sessions took place in an isolated testing room. The
unstressed C and Q females were placed into their respective
box without cat exposure (large box empty). After each
session, the dams were returned to their home cages, and
the apparatus was cleaned with 50 % ethanol solution then
wiped with dry paper towels. A nearby separate room was
designed for each treatment group to avoid the perception of
post-stress signals by the other dams.
2.5

Maternal anxiety-like behaviour

The anxiety-like behaviour in dams was assessed on GD 19
immediately after the control (C and Q) or predator stress
(PS and Q + PS) sessions using two behavioural tasks: the
light/dark box and the elevated T-maze, respectively. A set
of 20 pregnant rats (5 rats per group) was subjected to this
testing then definitely retired from the study. These behavioural tests were videotaped and analysed with ANY-maze™
software (version 4.96, Stoelting Co., USA).
2.5.1 Light/dark box (LDB): The LDB test is a widely used
behavioural paradigm for assessing the anxiety-like behaviour in rodents. It is based on a conflict between the natural
conduct of exploring a novel environment and the aversion
toward a brightly lit area (Arrant et al. 2013). The apparatus
consists of an open-top Plexiglas box (70×70×40 cm) divided into two equal-size compartments by a barrier containing
a doorway (10×10 cm) in the middle. The dark compartment
was painted black and illuminated with a dim red light bulb,
and the light compartment was left transparent and brightly
illuminated with a 60 W white light bulb. Both bulbs were
placed 40 cm above their respective compartments. The test
session was started by placing the pregnant rat in the center
of the light chamber facing the wall opposite the doorway.
The animal was allowed to explore the apparatus for 5 min.
The following behavioural parameters were calculated: the
time spent in the light compartment, the time spent in the
dark compartment and the time of the first episode in each
compartment. After each session, the dam was returned to its
home cage and the apparatus was cleaned with 50% ethanol.

2.5.2 Elevated T-maze (ETM): The ETM test is a behavioural paradigm that provides evidence on anxiety-like disorders in rodents according to their avoidance and escape
behaviours (Gobira et al. 2013). Based on the elevated plusmaze (EPM) apparatus used in our preliminary study (Toumi
et al. 2013), the ETM test was realized by obstructing the
entrance of one of the closed arms of EPM with a cardboard
barrier as described by Estanislau and Morato (2005).
However, due to the interference with our stress protocol,
the pregnant rats were neither handled nor pre-exposed to
one of the open arms on the eve of the test as described
earlier (Estanislau and Morato 2005). During the trial, the
dams were placed at the distal end of the closed arm and
allowed to explore the apparatus. This procedure was applied
in three consecutive trials (baseline, avoidance 1 and avoidance 2) at 30 s intervals. The latency to exit from the closed
arm in each trial was measured. Following the last avoidance
trial, the animals were placed at the distal end of one of the
open arms and their latency to enter the closed arm over
three 30 s spaced trials (escapes 1, 2 and 3) was determined.
A cutoff time of 300 sec was set for all tests and the trial is
stopped if the animals do not exhibit a complete avoidance/
escape behaviour during this period. The rats were returned
to their home cages after trials, whereas the apparatus was
cleaned with 50 % ethanol once all trials for each animal
were accomplished.
2.6

Maternal haematological measures

Immediately after control (C and Q) or predator stress (PS
and Q + PS) sessions, 16 pregnant rats (4 rats per group)
were decapitated under mild ether anesthesia. Trunk blood
was collected into ethylene diamine tetra acetic acid
(EDTA)-coated tubes and freshly conserved for the haematological analysis using an automated blood cell counter
(ERMA, PCE-210 model 2009, Japan). The measured
parameters are: red blood cells (RBC), hemoglobin (Hgb),
haematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC) and platelets (PLT).We have shown earlier that the predator stress
model is associated with a significant increase in the maternal plasma corticosterone rate, and that quercetin was able to
alleviate the stress effect (Toumi et al. 2013).
2.7

Neonatal haematological measures

The remaining pregnant rats were left undisturbed until
delivery (4 rats per group). The litters of parturient dams
(postpartum day 1) were rapidly checked to determine the
number of pups born. Subsequently, one or two male-female
pairs of neonates were withdrawn from each litter and immediately decapitated. Trunk blood was collected into
J. Biosci. 41(2), June 2016
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EDTA-coated tubes and freshly conserved to analyse the
same haematological parameters as those determined in
dams on GD 19. The neonatal blood volume collected is
very low and merely enough for the haematological analysis,
limiting therefore the measurement of corticosterone levels
in response to stress.
2.8

Periadolescence behavioural assessment

Upon weaning on the postnatal day (PND) 21, the dams
were strictly isolated from their offspring. However, littermates were sex-separated on PND 28. The sex-specific
weight changes in these pups were not investigated throughout the postnatal period. We were aware of the potential
ability of animal handling for weight measurement to introduce bias into the current experiment, while our protocol
strictly aimed to determine the behaviour of the offspring in
the most accurate way possible. A wide range of studies
provided strong evidence about the effects of animal handling on immediate physiological and long-lasting behavioural responses (Costa et al. 2012; Gartner et al. 1980).The
behavioural analyses of both male and female offspring were
carried out during the periadolescence stage, from PND 35 to
PND 44. Periadolescence was defined as the period between
PND 28 and PND 45 according to the gradual attainment of
sexual maturity and age-specific behavioural discontinuities
from younger to older animals. This developmental stage
corresponds to the period between 11 and 16 years in
humans (Schwendener et al. 2009; Spear 2000). The offspring behavioural testing schedule included the following
tasks: open field (PND 35), novelty-suppressed feeding
(PND 38), light/dark box (PND 41) and novel object recognition (PND 44). All testing sessions were videotaped and
the behavioural parameters of each test were measured by
ANY-maze™ software (version 4.96, Stoelting Co., USA).
2.8.1 Open field (OF): The OF test is a classical behavioural
task used in rodents to measure the locomotor activity
(Wilson et al. 1976) and anxiety behaviours (Bronstein
1972). The device consists of a gray Plexiglas square arena
(70×70 cm) surrounded by 40-cm-high walls. A 25 W bulb
was placed 1.30 m above the center of the field (Sáenz et al.
2006). On PND 35, each rat was placed in the center of the
arena and allowed to explore the apparatus for 3 min. The
following behavioural parameters were determined: the total
distance traveled, the average velocity and the time spent
immobile in the arena. The apparatus was cleaned between
sessions with 50 % ethanol.
2.8.2 Novelty-suppressed feeding (NSF): The NSF test is a
behavioural model for assessing the stress-related anxiety in
rodents. It is based on a conflict between the desire for a
familiar palatable food and the fear of a novel environment
J. Biosci. 41(2), June 2016

(Machado et al. 2013). Both male and female pups were
food-deprived for 24 h before the test. The procedure was
performed as described by Olivier et al. (2008) with slight
modification. A Plexiglas-made open arena (50×50×40 cm)
illuminated with white overhead lighting (60 W bulb 1.2 m
above the arena) was used. On PND 38, two food pellets
were placed in the center of the arena without bedding. Pups
were then placed in one corner of the arena, and the time
spent exploring food, the distance traveled before eating and
the latency to start eating were measured. The apparatus was
cleaned between sessions with 50% ethanol.
2.8.3 Light/dark box (LDB): On PND 41, the offspring’s
anxiety-like behaviour was assessed in the LDB test using
the same apparatus and procedure described for the dams on
GD 19 (see section 2.5.1). However, the test duration for
pups was only 3 min. The recorded behavioural parameters
were the time spent in the light compartment and the time
spent in the dark compartment of the box.
2.8.4 Novel object recognition (NOR): The NOR test is
performed to evaluate the recognition memory in rodents
(Ennaceur et al. 1997). On PND 44, the pups were placed
in an open arena (50×50×40 cm) and allowed to explore two
identical objects during a pretest session for 5 min (the
exploration phase) then returned to their home cages. After
a delay period of one hour, pups were resubmitted to the test
session for 5 min (the recognition phase) during which one
of the previously explored (familiar) objects was replaced by
a novel object (Schulz et al. 2011). The apparatus and the
objects were cleaned with 50 % ethanol between sessions.
The location of the objects was randomly changed between
sessions, but remained stable during the exploration/
recognition phases for each animal, to avoid possible biases
due to the preference of a given place within the arena. The
recognition memory was evaluated during the test session
and expressed as a recognition index which indicates the
ratio of time spent exploring the novel object over the time
of both objects’ exploration.
2.9

Statistical analysis

All results are expressed as the means ± standard error of the
mean (SEM). All data were analysed by parametric methods
as a normal distribution was found. One-way analysis of
variance (ANOVA) was performed on all behavioural and
haematological measures of the study, followed by two-way
ANOVA for the maternal elevated T-maze (treatment ×
trials) and the offspring haematological and behavioural
(treatment × sex) parameters. Tukey–Kramer's post-hoc test
was used whenever appropriate. A P<0.05 value was taken
as a statistically significant difference. Statistical calculations
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were made using Minitab software (version 15.1.1.0,
Minitab Inc., USA).

Maternal anxiety-like behaviour in the LDB test

In the LDB test, predator-stressed dams (PS) and those pretreated with quercetin (Q + PS) spent significantly longer time
in the dark compartment and shorter time in the light compartment when compared with both C (P<0.001 and P<0.01
respectively) and Q (P<0.001) dams. The time of first episode
in both compartments was also changed in PS and Q + PS
dams with the first episode in the light area (i.e. the latency to
first entry into the dark chamber) being significantly shorter
(P<0.001), and the first episode in the dark area (i.e. the latency
to first exit from the dark compartment) being longer (P<0.001
and P<0.01 respectively) than those registered in both C and Q
females. However, dams pretreated with quercetin before
stress (Q + PS) showed a longer time in light area, and a
decreased time in dark area (P<0.001) with longer first light
episode (P<0.01), and shorter first dark episode (P<0.001) as
compared with PS females (figure 1A and B).
3.2

Maternal anxiety-like behaviour in the ETM test

In the ETM test, two-way ANOVA indicated a significant
effect of treatment, trial, and treatment × trial interaction for
both avoidance and escape latencies (P<0.001). Predatorstressed dams (PS) showed a greater latency in the first and
third avoidance trials (baseline and avoidance 2) as compared with both C and Q groups (P<0.001), and a greater
latency in the avoidance 1 trial as compared with Q group
only (P<0.001). Quercetin pretreatment resulted in a significant latency decrease in baseline and avoidance 2 trials
when compared with PS dams (P<0.001). Also, the latency
of all escape trials was significantly reduced in PS dams
compared with C and Q ones (P<0.001). However, despite
the persistent decrease compared with the unstressed rats, the
latency was significantly improved during escape 1
(P<0.01), escape 2 (P<0.001) and escape 3 (P<0.05) in Q
+ PS dams as compared with PS ones. Interestingly, the
baseline (P<0.001), avoidance 1 (P<0.05) and avoidance 2
(P<0.05) latencies were further attenuated whereas escape
latencies 1 and 3 (P<0.01) were increased in Q dams when
compared with control rats (figure 2A and B).
3.3

Maternal haematological measures

The haematological measures in predator-stressed pregnant
females (PS) indicated a significant (P<0.001) decrease in
RBC, Hgb, HCT and MCV with a concomitant increase in
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Figure 1. Effect of quercetin on light/dark box parameters in
predator-stressed pregnant dams. Results are expressed as the mean
± SEM (n = 5, one-way ANOVA followed by Tukey–Kramer's
post-hoc test). bP< 0.01 and cP< 0.001 vs. C; βP< 0.01 and γP<
0.001 vs. Q; #P< 0.01 and ¶P< 0.001 vs. PS.

MCHC and PLT when compared with both C and Q dams
(table 1). Quercetin-pretreated and stressed rats (Q + PS)
revealed a significant decrease in RBC and Hgb with a
significant increase in MCV as compared with the unstressed
groups (P<0.001). Furthermore, Q + PS dams showed enhanced measures of Hgb (P<0.001), HCT and MCV
(P<0.01), with attenuated levels of MCHC (P< 0.01) and
PLT (P<0.001) as compared with PS rats.
3.4

Neonatal haematological measures

Two-way ANOVA revealed a significant effect of treatment,
sex and treatment × sex interaction for all haematological
parameters in neonates (P< 0.001). As presented in table 2,
J. Biosci. 41(2), June 2016
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the haematological measures at birth (PND 1) indicated a significant increase in RBC and PLT levels with a significant
decrease in MCHC in all neonates of PS and Q + PS dams as
compared with the unstressed C and Q ones (P<0.001). While
the Hgb measures were significantly increased only in prenatally stressed female pups (P<0.001), the MCV parameter
showed a significant decrease in PS and Q + PS males
(P<0.001), and to a lesser extent in PS females (P<0.01), as
compared with the unstressed counterparts. Interestingly, while
all prenatally stressed female neonates exhibited enhanced values of HCT (P<0.001), this parameter was dropped in PS male
neonates (P<0.001) and increased in Q + PS ones (P<0.05) as
compared with both C and Q counterparts.
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Figure 2. Effect of quercetin on elevated T-maze parameters in
predator-stressed pregnant dams. Results are expressed as the mean
± SEM (n = 5, two-way ANOVA followed by Tukey–Kramer's
post-hoc test). aP< 0.05, bP< 0.01, cP< 0.001 vs. C; αP< 0.05, βP<
0.01, γP< 0.001 vs. Q; *P< 0.05, #P< 0.01, ¶P< 0.001 vs. PS.

3.5.1 Locomotor activity in the open field test: Two-way
ANOVA exhibited a significant effect of treatment on all
parameters (P<0.001), of sex on immobility time (P<0.001),
and of treatment × sex interaction on both traveled distance and
average velocity (P<0.05).The total traveled distance and the
average velocity in the open field arena were significantly
increased in prenatallystressed male and female rats as
compared with C (P<0.001 and P<0.05 respectively) and Q
(P<0.05) counterparts. The immobile time was shorter in PS
males when compared with the unstressed C and Q counterparts
(P<0.01 and P<0.05, respectively), and in PS females when
compared with control counterparts only (P<0.05).
Pretreatment with quercetin before stress exposure decreased
the traveled distance and the average velocity (P<0.001), and
increased the immobility time (P<0.05) in Q + PSmale rats only
when compared with PS counterparts despite the persistent
difference in their locomotor activity when compared with
controls (P<0.01). For the Q + PS female rats, the traveled
distance and velocity were significantly greater than those
registered in the unstressed counterparts (P<0.05), whereas the
time they spent immobile was not statistically influenced by
prenatal stress (figure 3A, B, and C).

Table 1. Effect of quercetin on hematological parameters in predator-stressed pregnant dams.
Treatment groups
Parameters
RBC (×106/μl)
Hgb (g/dl)
HCT (%)
MCV (fl)
MCHC (g/dl)
PLT (×103/μl)

C
7.62 ±
13.85 ±
42.57 ±
55.85 ±
32.37 ±
466.00 ±

Q
0.04
0.05
0.27
0.34
0.22
38.04

7.60 ±
13.75 ±
42.47 ±
56.25 ±
32.17 ±
461.75 ±

0.11
0.12
0.31
0.37
0.51
32.98

PS

Q+PS

6.96 ± 0.16 cγ
12.87 ± 0.22 cγ
37.25 ± 0.83 cγ
53.5 ± 0.23 cγ
34.52 ± 0.40 cγ
591.00 ± 31.79 bγ

7.08 ± 0.05 cγ
13.50 ± 0.08 cγ¶
42.55 ± 0.54 #
60.02 ± 0.34 cγ#
31.65 ± 0.35 a#
444.00 ± 48.50 ¶

Results are expressed as the mean ± SEM (n = 4, one-way ANOVA followed by Tukey–Kramer's post-hoc test). a P < 0.05, b P < 0.01, c P
< 0.001 vs. C; γ P < 0.001 vs. Q; # P < 0.01 and ¶ P < 0.001 vs. PS.
J. Biosci. 41(2), June 2016
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Table 2. Effect of quercetin on hematological parameters in prenatally stressed neonates.
Treatment groups
Parameters
RBC (×106/μl)
Male
Female
Hgb (g/dl)
Male
Female
HCT (%)
Male
Female
MCV (fl)
Male
Female
MCHC (g/dl)
Male
Female
PLT (×103/μl)
Male
Female

C

Q

PS

Q+PS

3.15 ± 0.01
2.23 ± 0.03

3.14 ± 0.01
2.21 ± 0.02

3.56 ± 0.05 cγ
3.40 ± 0.14 cγ

3.44 ± 0.10 cγ
3.28 ± 0.12 cγ

15.05 ± 0.28
10.90 ± 0.11

15.02 ± 0.32
10.95 ± 0.28

13.40 ± 1.61
14.75 ± 0.28 cγ

14.20 ± 1.28
14.50 ± 0.46 cγ

45.05 ± 0.40
31.50 ± 0.34

44.75 ± 0.75
31.20 ± 0.46

38.35 ± 0.52 cγ
46.95 ± 2.71 cγ

46.87 ± 1.35 aα
46.30 ± 2.54 cγ

143.00 ± 1.27
141.25 ± 0.63

143.10 ± 1.39
141.35 ± 0.75

133.90 ± 1.96 cγ
139.15 ± 0.87 bβ

136.15 ± 0.52 cγ
141.05 ± 2.25

33.40 ± 0.34
34.55 ± 0.05

33.37 ± 0.37
34.60 ± 0.23

31.05 ± 0.17 cγ
30.80 ± 0.34 cγ

31.22 ± 0.12 cγ
31.30 ± 0.49 cγ

47.00 ± 2.30
48.00 ± 4.61

46.50 ± 2.88
46.50 ± 5.19

187.00 ± 20.78
119.50 ± 13.28

cγ

164.00 ± 21.94 cγ
98.50 ± 13.28 cγ

cγ

Results are expressed as the mean ± SEM (n = 6-8 for each sex, two-way ANOVA followed by Tukey–Kramer's post-hoc test).; a P < 0.05,
b
P < 0.01, c P < 0.001 vs. C; α P < 0.05, β P < 0.01, γ P < 0.001 vs. Q.

3.5.2 Anxiety-like behaviour in the novelty-suppressed
feeding test: Two-way ANOVA exhibited a significant effect
of treatment on exploration time and traveled distance to eat
(P<0.001). A significant effect of sex was also determined for
the exploration time (P<0.001), the traveled distance to eat (P<
0.05) and the latency to eat (P<0.001). However, there were no
significant treatment × sex interactions. In the task of anxietyrelated feeding behaviour, the food exploration time was significantly decreased in PS males and Q + PS females compared
with their C sex counterparts (P<0.05 and P<0.01 respectively).
However, Q + PS males showed a longer exploration time when
compared with their PS sex counterparts (P<0.01). Also, the
distance traveled before eating was significantly greater in all
prenatally stressed females only when compared with Q ones
(P<0.05). Interestingly, despite these sex differences, neither
predator stress nor quercetin treatment could significantly influence the latency to eat in periadolescent animals of all groups
(figure 4A, B, and C).
3.5.3 Anxiety-like behaviour in the light/dark box test: Twoway ANOVA exhibited a significant effect of treatment, sex
(P<0.001) and treatment × sex interaction (P<0.01) for all
parameters. When tested in the LDB task, both PS males
(P<0.05) and females (P<0.001) spent a longer time in the
dark compartment and a shorter time in the light one as
compared with their C and Q sex counterparts. However,

although these measures also revealed significant changes in
Q + PS animals, especially in females (P<0.05), quercetin
pretreatment in these rats significantly decreased the time
spent in the dark compartment, and increased the time spent
in the light one, when compared with PS sex counterparts
(males: P<0.001, females: P<0.05; figure 5A and B).
3.5.4 Cognitive ability in the novel object recognition test:
Two-way ANOVA indicated a significant effect of treatment,
sex (P<0.001) and treatment × sex interaction (P<0.01) in this
test. As depicted in figure 6, the recognition index was significantly decreased in PS females as compared with the control
counterparts (P<0.05) but ameliorated in those receiving quercetin pretreatment before stress exposure (Q + PS) as compared with their PS counterparts (P<0.05). In males, only Q +
PS ones showed a significant reduction in the recognition
index compared with both C and Q counterparts (P<0.05).
4.

Discussion

In the present study, the exposure of pregnant rats to predator
stress during late gestation (GD 19) was associated with immediate anxiety signs as revealed by the LDB and ETM behavioural
tasks. Predator-stressed females rapidly entered the dark area of
the LDB and spent a considerable time inside it, apparently
J. Biosci. 41(2), June 2016
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Figure 3. Effect of quercetin on open field parameters in prenatally stressed periadolescent offspring. Results are expressed as the
mean ± SEM (n = 8-12 for each sex, two-way ANOVA followed by
Tukey–Kramer's post-hoc test). aP< 0.05, bP< 0.01, cP< 0.001 vs.
C; αP< 0.05vs. Q; *P< 0.05 and¶P< 0.001 vs. PS.
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Figure 4. Effect of quercetin on novelty-suppressed feeding
parameters in prenatally stressed periadolescent offspring. Results
are expressed as the mean ± SEM (n = 8-12 for each sex, two-way
ANOVA followed by Tukey–Kramer's post-hoc test). aP< 0.05 and
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P< 0.01 vs. C; αP< 0.05 vs. Q; #P< 0.01 vs. PS.
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Figure 5. Effect of quercetin on light/dark box parameters in
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as the mean ± SEM (n = 8-12 for each sex, two-way ANOVA
followed by Tukey–Kramer's post-hoc test). aP< 0.05, bP< 0.01,
c
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avoiding the illuminated environment. This behavioural
avoidance was clearly noticed in the ETM test during which PS
dams took a longer time to exit from the closed arm across the
avoidance trials while they escaped the open arms faster across
the escape trials compared with the nonstressed dams. A recent
study by Roseboom et al. (2007) also reported this predator
stress-related anxiety-like behaviour in male rats. The predatory
threat has also been shown to increase the avoidance and risk
assessment tendencies along with prolonged episodes of freezing
and immobility (McGregor et al. 2002; Li et al. 2004). Previous
studies also demonstrated that predator-stressed animals
exhibited a significant increase in the light chamber avoidance
in the LDB test (Adamec 2001).Furthermore, it is accepted that

avoidance and escape behaviours in the ETM are associated with
generalized anxiety and panic disorder, respectively (Zangrossi
and Graeff 1997). Pretreatment with quercetin before predator
stress exposure alleviated the anxiety-like and panic-like behaviours in pregnant dams as indicated by the noticeable increase in
the light area exploration, the attenuation of avoidance latencies
and the rise in the time spent in open arms. We previously
reported that quercetin exerted a mild anxiolytic-like effect in
predator-stressed dams when tested in the elevated plus-maze and
open field tasks (Toumi et al. 2013). Another recent study has
also shown that the subchronic treatment of male mice with
Lactuca sativa, a quercetin-containing plant, significantly attenuated the anxiety-like behaviour induced by novelty and height
(Harsha and Anilakumar 2013).
The anxiety-like behaviour of stressed dams was associated
with significant haematological changes. Stressful conditions
are known to affect the blood variables due to the activation of
the hypothalamo-pituitary-adrenocortical (HPA) axis and the
sympathetic nervous system (SNS) (Hasan et al. 1993). The
considerable decrease in RBC, Hgb, HCT and MCV along with
MCHC elevation may be associated with respiratory changes in
response to predator exposure, a condition that was appended to
the absence of a fight-or-flight ability which animals usually
possess in such predatory confrontations. The lack of a fight-orflight response is related to a blunted muscular activity and
therefore to a reduced oxygen need, causing the maternal organism to produce microcytic and hyperchromic RBC at lower
levels. Furthermore, PS dams manifested high levels of PLT
following stress exposure. The stress-induced thrombocytosis
J. Biosci. 41(2), June 2016
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might aim to prepare the organism for potential injury following
the stressful experience. The haematological status of Q + PS
females indicates that quercetin attenuated the stress-induced
changes in Hgb, MCV and MCHC while it completely preserved the HCT and PLT levels. However, this flavonoid failed
to stabilize the number of RBC following stress exposure. The
ability of quercetin to maintain HCT measures despite the
reduced RBC levels suggests that it induces the formation of
macrocytic erythrocytes as revealed here by the enhanced MCV
in Q and Q + PS dams. Quercetin, the major fraction of
flavonols in fruits and vegetables, has been reported to accumulate in erythrocytes and even bind to hemoglobin (Fiorani
et al. 2003). Nevertheless, whether quercetin modulates the
haematological parameters at the bone marrow level is still
unknown to date. Recently, Mosawy et al. (2013) have also
indicated that a seven day-quercetin administration inhibits
platelet aggregation and arterial thrombosis in mice, supporting
earlier findings of a strong anti-platelet activity of quercetin
in vitro (Beretz et al. 1982).
In neonates, all the haematological parameters were changed
in a sex-dependant manner. All prenatally-stressed neonates (PS)
had a pronounced increase in RBC and PLT counts.
Interestingly, while elevated in females, the Hgb and HCT levels
were decreased in males. This discrepancy of the haematological
profile between males and females demonstrates a different
response to prenatal stress in each sex and may rely on a sexdependent programming for the postnatal life (Harris and Seckl
2011). This programming for stress coping might cause the
offspring organism to produce high levels of RBC and PLT to
ensure the appropriate oxygen supply and wound healing efficacy during the stressful conditions. Elsewhere, it was found that
prenatal fetal stress affects thrombopoietin and erythropoietin
levels in the umbilical cord blood, leading to increased thrombopoiesis and erythropoiesis in human neonates (Gupta et al. 2000;
Ikeno et al. 2000). The decrease of HCT in PS males, despite the
elevated count of RBC, is likely to be due to microcytosis as
indicated by low MCV measures, which may further explain the
low amount of Hgb. However, PS females seem to be more
responsive to the prenatal stress because their haematological
status indicated higher levels of HCT and Hgb in spite of the
noticed microcytosis. The RBC indices, particularly Hgb and
HCT, are widely used in the diagnosis of neonatal polycythemia
(Mukiibi et al. 1995).They provide, with the PLT count, a basic
assessment of neonatal hemostatic status as well as a major index
of neonatal sepsis because high RBC numbers may disturb the
innate immune processes by changing the natural killer cells
activity (Shau and Golub 1988).In this study, quercetin pretreatment failed to prevent the haematological changes in prenatallystressed neonates. This lack of quercetin effects on neonatal
blood variables could be explained by the short treatment duration (6 days) and the relatively long interval (4–5 days) between
the last quercetin intake in dams (GD 19) and the haematological
analysis in neonates. Nevertheless, although flavonoids were
J. Biosci. 41(2), June 2016

found to cross the placental barrier (Adlercreutz et al. 1999;
Todaka et al. 2005), their ability to modulate the fetal haematological status is not yet proven. Recently, Vanhees et al. (2011)
reported that oral quercetin administration throughout gestation
in mice has no effect on the erythroid lineage at the embryonic
age neither on erythropoiesis in adulthood.
Previous studies highlighted that prenatal stress is associated
with neurobehavioural alterations in offspring at adolescence or
adulthood stages (Coe and Lubach 2005). Periadolescent rats of
PS dams were hyperactive and manifested signs of anxiety-like
behaviour in comparison to their nonstressed counterparts. In the
OF test, the locomotive distance and velocity were considerably
increased along with a noticeable reduction in the immobility
time in both sexes. This hyperactivity was also seen in the NSF
paradigm during which PS animals, particularly females, tended
to travel a longer distance before eating, although their latency to
eat was not different from that registered in the nonstressed
counterparts. In the LDB test, PS rats spent most of their
exploration in the dark compartment, thus avoiding the lightened
area of the apparatus. These findings indicate that prenatal
exposure to stressful events causes the periadolescent progeny
to develop anxiety-like behaviour and locomotor abnormalities.
However, the feeding behaviour in a novel (anxiogenic) environment is unlikely to be significantly influenced by the acute
prenatal stress applied. It is well-known that anxiety disorders
are characterized by feelings of restlessness and muscular tension, leading to increased locomotion (Bouras and Holt 2007).
The assessment of memory performance in 44-day-old rats
revealed that the recognition index was particularly decreased
in PS female offspring, meaning that the familiar and novel
objects were not sufficiently distinguished. The NOR test is a
working memory task relating to cortical and hippocampal
functioning (Paris and Frye 2008). Prenatal stress has been
shown to promote the anxiety-like behaviour at adolescence
(Dickerson et al. 2005) and adulthood (Fujita et al. 2010). A
previous investigation in rats has reported that prenatal restraint
stress is related to cognitive impairments, such as learning disturbances and spatial memory deficits, using passive avoidance
test and Morris water maze (Wu et al. 2007). More recently,
Schulz et al. (2011) have demonstrated that prenatal stress
impairs the spatial, recognition and contextual memory in adult
male rats, and particularly increases the anxiety-like behaviour
in females as revealed by the decrease in the time spent in open
walls of the elevated zero maze. Meanwhile, quercetin pretreatment was shown to attenuate the locomotor hyperactivity considerably in periadolescent males only. The time spent in the
light compartment of LDB was particularly improved in Q + PS
male, but not in female offspring. The anxiety-related feeding
behaviour was influenced by prenatal quercetin treatment in
males, enabling them to ignore the anxiogenic context for the
sake of a prolonged food exploration. However, the recognition
memory was found to be ameliorated only in Q + PS female
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offspring. To our knowledge, there is no previously reported data
regarding the effect of prenatal quercetin treatment on stressinduced locomotive, anxiety-like and memory changes at the
periadolescence stage in rats. Interestingly, a recent report demonstrated that a 6-week-quercetin treatment, starting from postnatal day 3, significantly improved the memory ability in rats
which were subjected to hypoxia-ischemia (Huang et al. 2012).
In accordance with our study, recent investigations have
reported the neuroprotective effect of quercetin in various animal
models. Although the precise mechanisms are not fully understood, several modes of action have been demonstrated. Orally
administered quercetin was found to cross the blood-brain barrier and accumulate in the brain tissue, where it can exert
persistent cognitive effects (Huebbe et al. 2010). As flavonoids
were proven to easily cross the placental barrier, the accumulation of quercetin in the fetal brain may occur following its
transfer from the dams to the offspring during the intrauterine
development. Tolerable quercetin treatments (usually 25–50
mg/kg of body weight/day) have been shown to target specific
brain areas in rodents. A potent antioxidant effect of quercetin
was reported in the hippocampus and striatum of rats exposed to
a chronic forced swimming stress (Ishisaka et al. 2011).
Quercetin was also able to activate the brain’s natural antioxidant defense system (called Nrf2), and prevent oxidative stressinduced neuronal cell death (Arredondo et al. 2010). More
recently, it was indicated that this antioxidant role is related to
the inhibition of nitric oxide (NO) synthesis and N-methyl-Daspartate (NMDA) receptors, reversing therefore the depressionlike behaviour (Holzmann et al. 2015). The anxiolytic and
memory-enhancing effects of quercetin may also be explained
by its ability to regulate the acetylcholinesterase and Na+, K+ATPase activities in the cerebral cortex, hippocampus and hypothalamus (Abdalla et al. 2014). Furthermore, a previous study
about the cognitive deficits in mice following treatment with
dexamethasone (a synthetic glucocorticoid that mimics corticosterone effects) revealed that quercetin protects the neuronal
function by maintaining the cell proliferation in both the CA3
hippocampal layer and dentate gyrus, two major areas involved
in learning and memory (Tongjaroenbuangam et al. 2011).
In summary, our findings illustrate that predator stress
exposure during late gestational stage causes the pregnant
dams to be highly anxious before delivery. This anxiety-like
behaviour is associated with pronounced haematological
changes not only in dams but also in their neonates, which
may exacerbate the psychogenic stress-induced gestational
complications. The prenatally stressed periadolescent offspring manifested anxiety-like and locomotor alterations
along with a noticeable memory dysfunction, indicating that
the predator stress may be a relevant model for studying
lasting neuropsychiatric sequelae (such as ADHD and anxiety disorders) in the progeny. Our results showed that quercetin intake before the applied psychotraumatic stress
alleviates the anxiety signs and haematological changes in

dams without affecting the neonatal haematological status.
The behavioural assessment pointed out two sex-dependent
lasting effects of quercetin on prenatally stressed periadolescent rats: an anxiolytic-like effect in males and a memoryenhancing effect in females. Further investigations are needed to unravel the molecular mechanisms underlying the sex
differences of both stress and quercetin effects.
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