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An exposure to stress can enhance memory for emotionally arousing experiences. The
phenomenon is suggested to be amygdala-dependent and in accordance with that view the
amygdala was found to modulate mnemonic processes in other brain regions. Previously, we
illustrated increased amygdala activation and reduced activation of CA1 following spatial learning
under higher versus lower stress conditions. When spatial learning was followed by reversal
training interference, impaired retention was detected only under higher stress condition. Here
we further evaluate the potential implications of the difference in the level of amygdala activation
on the quality of the memory formed under these stress conditions. We attempted to affect
spatial memory consolidation under lower or higher stress conditions by either introducing a foot
shock interference following massed training in the water maze; by manipulating the threshold
for acquisition employing either brief (3 trials) or full (12 trials) training sessions; or by employing
a spaced training (over 3 days) rather than massed training protocol. The current findings reveal
that under heightened emotionality, the process of consolidation seems to become less effective
and more vulnerable to interference; however, when memory consolidation is not interrupted,
retention is improved. These differential effects might underlie the complex interactions of

stress, and, particularly, of traumatic stress with memory formation processes.
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INTRODUCTION

It has been suggested that emotional arousal may enhance one or
more of several memory stages, including memory acquisition,
consolidation, and retrieval (Cahill and McGaugh, 1995; Cabhill
etal., 1996; Buchanan and Lovallo, 2001; Dolcos et al., 2004, 2005).
Itisargued that the memory-enhancing effects of emotional arousal
reflect the influence of the amygdala, and specifically, the basola-
teral amygdala (BLA), on mnemonic processes occurring in medial
temporal lobe (MTL) structures, including the hippocampus and
associated parahippocampal regions (i.e., entorhinal, perirhinal,
and parahippocampal cortices; McGaugh et al., 1996; McGaugh,
2004). These regions are implicated in the generation of declara-
tive memory in humans and of spatial memory in animals (Morris
et al., 1982; Squire and Zola-Morgan, 1991).

Spatial learning in the Morris water maze is an aversively moti-
vated experience and acquiring this task is a stressful event for
the animal, as indicated by increased corticosterone release during
training (Sandi et al., 1997; Schaaf et al., 1999; Akirav et al., 2001;
Akirav et al., 2004).

The level of emotionality of this learning experience could be
further manipulated by altering the water temperature in the maze.
Previously, it was demonstrated that spatial learning under warm
water (WW) versus cold water (CW) in the Morris water maze,
resulted in a different acquisition pattern (Sandi et al., 1997) and in
higher corticosterone levels in the CW group (Sandi etal., 1997; Akirav
etal., 2001, 2004), implying that it is a higher stress condition.

Using ERK2 as a biochemical marker, the BLA was found to
be activated only when learning the water maze task under cold
water with higher levels of stress (Akirav et al., 2001). Recently, we
showed a differential activation pattern of CREB in the hippoc-
ampus (dorsal CA1), BLA and entorhinal cortex (EC) following
learning a spatial task under warm water (24 + 1°C) condition
versus cold water (19 £ 1°C) condition. Increased activation of the
hippocampus was detected following spatial learning under WW
compared to CW condition, whereas enhanced BLA activation was
found following spatial learning under CW condition compared to
the WW condition (Kogan and Richter-Levin, 2008).

As extensive evidence from human (Adolphs et al., 1997;
Hamann etal., 1999; Quevedo et al., 2003; Dolcos et al., 2004, 2005;
Smith et al., 2006) and animal (McGaugh et al., 1996; McGaugh,
2004) studies suggests that enhanced amygdala activation is cor-
related with and may contribute to enhanced long-term memory
for emotional events, it can be expected that increased activation of
the BLA following the training in the Morris water maze under CW
condition with higher levels of corticosterone released (Sandi et al.,
1997; Akirav et al., 2001, 2004), would lead to enhanced long-term
memory for the platform location compared to long-term memory
generated under WW conditions.

Contrary to this expectation, we have found that reversal train-
ing interference interrupted the memory of CW animals (i.e., with
increased BLA activation, Kogan and Richter-Levin, 2008). It has
thus been suggested that BLA activation could be beneficial to
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some, but not all, parameters of memory formation. For example,
BLA activation could enhance the long-term memory trace for the
event, but at the price of rendering the consolidation process more
vulnerable to interference.

We set out to examine the effects of training under warm
and cold water conditions on several independent parameters of
memory quality. We tested resistance to interference introduced
shortly after the training during the initial stages of consolidation.
We further examined the effects of altering levels of emotionality
during acquisition on the threshold for acquiring efficient spatial
memory, with brief, 3-trials, and full, 12-trials, sessions of training.
Finally, the formation of an effective long-term spatial memory was
examined by employing spaced training protocol, which is consid-
ered a more efficient training protocol than the massed training
protocol. We predicted that subjection to the CW condition would
lead to a stronger memory trace (as indicated by spatial memory
retention) that would be more resistant to manipulations affecting
memory consolidation.

MATERIALS AND METHODS

SUBJECTS

Male Wistar Hanover rats (Harlan, Jerusalem) weighing 250-350 g.
were maintained five per cage on a 12 h light/dark cycle with water
and a laboratory rodent chow ad libitum. The Haifa University
Animal Care and Use Committee approved the study and adhered
to the NIH Guide for the Care and Use of Laboratory Animals.

BEHAVIORAL PROCEDURES

Morris water maze task

The water maze (Morris et al., 1982) consisted of a featureless cir-
cular pool (diameter 1.7 m, rim 50 cm high) that was painted black
and filled with water to a depth of 30 cm. A hidden black escape
platform (12 cm X 12 cm) was placed in one of its quadrants such
that its top lay 2 cm beneath the water surface. The only spatial
landmarks for the animals to locate an escape platform were located
outside the maze. Each trial was initiated by placing the animal in
one of the three other quadrants near the wall of the pool. Animals
were allowed to search for the escape platform for a maximum of
60 s. Those that failed to locate the platform within this period were
guided to it by the experimenter. Animals remained on the platform
for 15 s prior to removal from the maze. The escape latency was
measured with a stopwatch.

Water temperature was used as a means of controlling emotion-
ality level of the learning environment as described before (Akirav
etal., 2001; Kogan and Richter-Levin, 2008) with WW (24 £ 1°C)
providing a lower stress condition, and CW (19 £ 1°C) providing
a higher stress condition.

Electrical foot shock
Apparatus  consisted of a small cube-like chamber
(31 cm X 31 cm X 31 cm) with a metal grid floor connected to a
computer-controlled electrical shocker device (Solid State Shocker/
Scrambler, Model no. 113-33, Lehigh Valley Electronics Ltd, Lehigh
Valley, PA, USA).

The animals were exposed to a 5 min session of 10 uncondi-
tioned electric foot shocks (1 s, 0.5 mA) with inter-trial interval
of 29s.

Experiment 1— the effects of interference during consolidation on
spatial memory formation
On the first day, the animals were subjected to spatial learning in
the Morris water maze utilizing a massed training protocol that
consisted of 12 trials under the WW or the CW conditions.
These groups were each divided into the two subgroups: groups
without interference (WW, n = 10 and CW, n = 8), and groups
with interference (WW_I; n = 9 and CW_I; n = 12). Electrical
foot shocks (10 shocks of 1 s, 0.5 mA) that served as interference
to spatial memory consolidation process were induced 1 h fol-
lowing the end of training in the Morris water maze. On the third
day, retention was tested by a relearning session; the animals were
introduced to two trials in the water maze with platform located in
the original quadrant beneath the water surface. Inter-trial interval
was 1 min (Figure 1A).

Experiment 2 — acquisition threshold for spatial memory formation
Animals were subjected to spatial training in the Morris water maze
utilizing a massed protocol of training that consisted of either 3, 6,
9, or 12 trials, under WW or CW conditions (WW_3, n =12 and
CW_3,n=10; WW_6,n=10and CW_6,n=9; WW_9,n=9and
CW_9,n=10; WW_12,n =14 and CW_12, n = 14). On the third
day, retention was tested by a relearning session; the animals were
introduced to two trials in the water with platform located in the
original quadrant beneath the water surface. Inter-trial interval
was 1 min (Figure 1B).

Experiment 3 — spaced training spatial memory formation

Animals were subjected to spatial training in the Morris water maze
using a spaced training protocol that consisted of 12 trials; the
animals were subjected to 4 trials per day for three consecutive
days (Sandi et al., 1997) with inter-trial alternating intervals of 1
and 4 min (WW = 11; CW = 11). On the fifth day (48 h after the
last day of training), retention was tested by a relearning session;
the animals were introduced to two trials in the water maze with
platform located in the original quadrant beneath the water surface.
Inter-trial interval was 1 min (Figure 1C).

STATISTICAL ANALYSIS

The results are expressed as means = SEM. For statistical analy-
ses, Student’s t-test, ANOVA for repeated measures and two-way
ANOVA were used. o for statistical tests was set at 0.05.

RESULTS
EXPERIMENT 1 - THE EFFECTS OF INTERFERENCE DURING
CONSOLIDATION ON SPATIAL MEMORY FORMATION
Performance of the animals during acquisition of the spatial task
showed a marginally significant difference between the acquisition
rates of WW and CW animals (ANOVA for repeated measures,
F, =4, p = 0.052), however, no difference was found between
the acquisition rates during the last four trials (¢, = 1.32; N.S;;
Figure 2A), indicating that these animals have eventually acquired
the task to the same level.

Two days later, examining retention following learning with
or without shock interference under WW or CW conditions,
two-way ANOVA analysis revealed a significant interaction

effect between “water temperature” and “group” (F, ., = 5.1,
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FIGURE 1 | Experimental design used in the study. (A) Design of
experiment 1 - spatial learning and memory formation in the Morris water
maze under warm or cold water conditions, with an electrical foot shock
interference; (B) Design of experiment 2 — acquisition threshold for spatial
memory formation in the Morris water maze under warm or cold water
conditions; (C) Design of experiment 3 — spatial learning and memory
formation in the Morris water maze under warm or cold water conditions.

p <0.05). Further analysis indicated a difference between learn-
ing without and learning with interference under the CW condi-
tion (F, , =5, p <0.05), with increased escape latency during
the first trial of relearning, i.e., impaired memory retention, of
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FIGURE 2 | Spatial memory formed in the Morris water maze under
different stress conditions, warm (24 £ 1°C) and cold (19 £ 1°C) water,
when interfered by a foot shock stress. (A) Mean escape latencies during
the 4 final trials of initial training did not differ between WW and CW animals;
(B) The foot shock interference procedure impaired memory retention as
tested on day 3 (during relearning) in CW animals, but not in WW animals;
(C) The mean escape latency of the cold water animals following interference
during the first trial was significantly longer than that of the cold water group
that experienced no interference (*p < 0.05). (CW, Cold water; WW, Warm
Water; CW_I, Cold Water with interference; WW_I, Warm Water with
interference).

the interference group as compared to the group that experienced
no retrieval interference. The same interference protocol did not
interrupt long-term memory generated under the WW condition
(F(MS) = 0.6, N.S.; Figures 2B,C).
EXPERIMENT 2 - ACQUISITION THRESHOLD FOR SPATIAL MEMORY
FORMATION

Performance during acquisition of the spatial task of the animals
in this experiment was not different between the acquisition of
the WW and CW animals trained for 12 trials (Fu,zz) =0.7,N.S.).
Similarly, no difference in acquisition was found between the ani-
mals trained under the WW or CW conditions when animals were
trained for 9 trials (ANOVA for repeated measures, F = 0.00,
N.S), for 6 trials (ANOVA for repeated measures, F,,,=0.54, N.S)
or for 3 trials (F(uo) = 1.48,N.S.; Figure 3A).

However, when long-term spatial memory generated following
3-trials, 6-trials, 9-trials, and 12-trials training under WW or CW
was examined, an interaction effect between “water temperature”
and “group” was found (two-way ANOVA, F, . = 3.5, p < 0.05).
Further analysis detected a significant difference between the groups
of 3-trials training and 12-trials training under the CW condi-
tion (F,,, = 4.9, p <0.05), with increased escape latency during
the first trial of relearning (i.e., impaired retention) of the 3-trials
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FIGURE 3 | Spatial memory formed in the Morris water maze under
different stress conditions, with 3-trials versus 12-trials training. (A) Mean
escape latencies for each of 12 or 3 initial training trials (day 1) did not differ
between WW and CW animals; (B) Memory retention tested on day 3 (during
relearning) of the animals trained for 3 trials was impaired as compared to that
of the animals trained for 12 trials in CW, but not in WW animals; (C) The mean
escape latency of the cold water animals trained for 3 trials during the first trail
was significantly longer than that of the cold water group trained for 12 trials
(*p<0.05). (CW_12, Cold Water 12-trials training; WW_12, Warm \Water
12-trials training; CW_3, Cold Water 3-trials training; WW_3, Warm Water
3-trials training).

training group relative to the 12-trials training group. In contrast,
no such difference was found for the animals trained under the
WW condition (F(3,41> = 0.6, N.S.; Figures 3B,C).

EXPERIMENT 3 — SPACED TRAINING SPATIAL MEMORY FORMATION
Performance during acquisition of the spatial task was not different
between the WW and CW groups (ANOVA for repeated measures,
Fmo) =0.024, N.S.; Figure 4A).

Two days later, when memory performance was examined, reten-
tion of the CW group was significantly better compared to the WW
group (ANOVA for repeated measures, F |, =6.230, p<0.05), with
decreased escape latency of the CW animals during the first trial
of relearning (¢, = 2.257, p < 0.05; Figures 4B,C).

DISCUSSION

In recent years the notion that emotionality is associated with
enhanced long-term memory has gained support from various lines
of research. Human studies have demonstrated enhanced memory
for emotional stimuli compared with neutral stimuli (Cahill and
McGaugh, 1995; Cahill et al., 1996; Cahill et al., 2003; Quevedo et al.,
2003); moreover, enhancement of long-term memory for neutral
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FIGURE 4 | Spatial memory formed in the Morris water maze using
spaced training under different stress conditions. (A) Mean escape
latencies for each of 12 initial training trials (day 1-3) did not differ between
WW and CW animals; (B) However, memory retention as tested on day 5
(during relearning) was better in CW animals compared to WWW animals; (C)
The mean escape latency of the warm water animals during the first trail was
significantly longer than that of the cold water animals (*p < 0.05). (CW, Cold
Wiater; WW, Warm Water).

stimuli that was followed by emotional arousal was evidenced
(Anderson et al., 2006). In addition, emotionally arousing infor-
mation was found to activate the amygdala. Activity in the amygdala
during encoding (Cahill et al., 1996; Hamann et al., 1999; Dolcos
et al., 2004) and during retrieval (Dolcos et al., 2005) was more
strongly correlated with emotional than with neutral information
(Cahill et al., 1996), suggesting that the amygdala contributes to
the memory-enhancing effects of emotionality.

Indeed, animal studies have demonstrated that intra-amygdala
processes can enhance memory formation processes in other brain
areas, such as the striatum (Packard et al., 1994), EC (Roesler et al.,
2002) and hippocampus (Packard et al., 1994; Roozendaal and
McGaugh, 1997; Kim et al., 2001). Furthermore, activation of the BLA
was found to enhance neural plasticity in the hippocampus (Tkegaya
etal., 1995; Akirav and Richter-Levin, 1999; Frey et al., 2001). These
findings have led to the assumption that emotionality activates the
amygdala, which then modulates memory consolidation processes in
other brain areas (McGaugh et al., 1996; Richter-Levin, 2004).

We have previously demonstrated that training animals for a
spatial learning task in the Morris water maze under CW, resulted
in heightened activation of the BLA (as measured as activation
of CREB or ERK2) compared with similar training under WW
conditions (Akirav et al., 2001; Kogan and Richter-Levin, 2008).
Since this heightened level of amygdala activation was found in
animals with seemingly similar learning curves under both stress
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conditions, we hypothesized that the amygdala may contribute to
other aspects of the memory formed, such as memory maintenance
or its resistance to interference; we suggested that the memory
trace would be stronger and more resistance to interference in the
CW animals.

However, using a massed training protocol, and examining the
impact of training rats for a spatial learning task in the water maze
under either WW or CW conditions on these memory attributes,
we have demonstrated that interference during the consolidation
period following spatial training affected CW rather than WW
group memory retention (Kogan and Richter-Levin, 2008). To
further explore the effects of learning under WW versus CW con-
ditions on spatial memory attributes, we have examined here first
an additional interference procedure. In addition, the effects of
altering levels of emotionality during acquisition on the threshold
to acquire spatial memory and on memory formation following the
more effective, spaced spatial training protocol were examined.

We have previously used as consolidation interference a reversal
training protocol 1 h following the last training session (Kogan
and Richter-Levin, 2008). Here we have repeated the interference
experiment, but this time instead of reversal spatial training we
have employed an electric foot shock as the interference procedure.
This way, the interference effect could not be explained by a com-
petition with a second spatial memory trace (the reversal location
trace). The results of both the previous and current experiments
indicate that the consolidation process under CW condition is more
vulnerable to interference compared to consolidation under WW
condition. Similar findings were reported by Wright and Conrad
(2008). They found that spatial learning and memory in the water
maze was impaired by prior exposure to stress only in animals
trained under CW (19°C) but not under WW (24°C) conditions
(Wright and Conrad, 2008).

It should be mentioned that in these series of experiments we
have used different procedures of interference to the memory con-
solidation; each could serve as additional stressor and act to elevate
corticosterone levels. However, several lines of research indicated
that additional stress exerts a selective adverse effect on retrieval,
rather than consolidation processes (Roozendaal, 2002). Different
stressors, such as restraint, shock, and predator exposure, were
reported to impair the spatial memory retention when adminis-
tered 30 min before the 24 h memory test and not immediately after
the acquisition phase (day before the memory test; de Quervain
et al., 1998; Woodson et al., 2003).

We next examined the effects of altering levels of emotionality
during acquisition on the threshold for acquiring efficient spatial
memory. Memory retention of the 3-trials WW animals was not
different from that found in the WW group that was trained for
the full 12 trials during the first day. Three trials of training dur-
ing the first day were not sufficient for the CW group and their
performance on the third test day was lower compared to that of
12-trials animals, indicating that consolidation in these animals
was less efficient than that in the WW group.

When maintenance of the spatial memory formed was examined
(following complete training and without interference), a tendency
was found in both experiments for the CW animals to exhibit better
performance compared to the WW animals on the third, test day.
This suggested the possibility that spatial memory consolidation

under higher stress might involve more complex processing and
thus renders it vulnerable to interference; but once formed, the
memory trace may be stronger and its retention is more effective.

Multiple training trials are generally more effective for the
production of robust learning and memory when they are spaced
apart rather than when they are massed together. Spaced training
enhances long-term memory by more effectively recruiting pro-
tein-synthesis-dependent mechanisms (Scharf et al.,2002). Several
behavioral studies found improved consolidation of hippocampus-
dependent memory following temporally spaced training and even
overcoming learning deficits in the water maze subsequent to CREB
inhibited activity (Kogan et al., 1997). In order to explore the pos-
sibility that higher stress conditions may indeed lead to a stronger
spatial memory trace we conducted an additional experiment, uti-
lizing a spaced training protocol (Sandi et al., 1997).

Under such conditions the previous tendency for better per-
formance of the CW group became significant; suggesting that
indeed, once established, the spatial memory formed under higher
levels of stress is better maintained compared to spatial memory
formed under lower levels of stress. This finding is consistent with
results of Sandi et al. (1997), which also showed a quicker rate of
acquisition and better long-term retention during spaced training
under CW condition and not under WW condition.

Glucocorticoids (i.e., corticosterone in rats and cortisol in
humans) were found to be major factor in emotionality and memory
interactions (McGaugh and Roozendaal, 2002). More specifically,
the role of corticosterone was extensively studied and emphasized
with respect to stress influence on hippocampus-dependent learn-
ingand memory (Park et al., 2008). Inverted U-shape relationship
between corticosterone levels and memory were described, with
extremely low or high levels impairing memory and intermediate
levels improving it (Conrad et al., 1999; Lupien et al., 1999; Sandi
and Rose, 1997).

The U-shaped relationship between corticosterone and spatial
memory following water maze training under different water tem-
peratures was previously suggested (Sandi et al., 1997; Akiravetal,,
2001, 2004).

However, series of experiments demonstrated that corticoster-
one injection without the accompanied stress did not affect spa-
tial memory (Woodson et al., 2003; Park et al., 2008); therefore
the emotional component of the experience is essential. Also, in
humans, cortisol affected declarative memory only when it was
accompanied with emotionally arousing information as opposed to
the emotionally neutral information (Buchanan and Lovallo, 2001).
It has also been shown that stress effects on hippocampal LTP and
memory can be blocked without any reduction in the stress-evoked
increase in corticosterone levels (Park et al., 2008). For example,
suppression of amygdala functioning can block the effects of stress
on spatial memory and hippocampal LTP without affecting the
stress-induced increase in corticosterone levels (Kim et al., 2001,
2005). These findings indicate that elevated corticosterone levels
alone may not be sufficient to impair memory.

Thus, the U-shaped function between corticosterone and mem-
ory is only one aspect in stress effects on memory. It is argued
that fear-provoking conditions, which are known to engage the
amygdala, interact with stress levels of corticosterone to influence
hippocampal functioning (Roozendaal et al., 1996; Roozendaal

Frontiers in Behavioral Neuroscience

www.frontiersin.org

December 2010 | Volume 4 | Article 183 | 5



Kogan and Richter-Levin

Emotional memory consolidation

and McGaugh, 1997; Cahill and McGaugh, 1998; Roozendaal et al.,
1998; Kim et al., 2001; Kim and Diamond, 2002; McGaugh, 2004,
2006). Corticosterone effects on hippocampus-dependent memory
were reported to be blocked by inactivation or lesioning of the
amygdala (Kim etal., 2001, 2005; Roozendaal et al., 2002). Further,
the glucocorticoid-induced enhancement of memory consolida-
tion was found to require noradrenergic activation within the BLA,
suggesting the synergistic actions of glucocorticoids and emotional
arousal-induced noradrenergic activation of the BLA mightlead to
enhanced memory consolidation for emotionally arousing experi-
ences (Roozendaal et al., 2006a,b).

The dual effect of emotionality may be explained by alterations
in the relative contribution of brain areas involved in the process
of consolidation (Adolphs et al., 1997; Hamann et al., 1999; Layton
and Krikorian, 2002; Dolcos et al., 2004, 2005; Richardson et al.,
2004; Smith et al., 2006). Previous studies have demonstrated that
the shift from lower to higher emotionality is associated with an
increased involvement of the amygdala and, probably, the DG of the
hippocampus, but with a decreased involvement of the CA1 area
of the hippocampus and, probably, also of the EC (Vouimba et al.,
2004; Vouimba and Richter-Levin, 2005). Similarly, we have previ-
ously shown that while the dorsal CA1 is predominantly activated
when training for a spatial task under WW condition, its relative
involvement (as measured by CREB activation) is reduced when
learning the same task under CW conditions. In contrast, the amy-
gdala was found to be predominantly activated when training for a
spatial task was conducted under the CW, i.e., higher stress condi-
tions (Kogan and Richter-Levin, 2008). In a recent human study
similar results concerning the role of the hippocampus under stress
were obtained. Reduced hippocampal responses were associated
with better declarative memory formation under stress when the
learning task was fully embedded in a stressful context (Henckens
etal., 2009). Such a declarative memory enhancement is evidently
beneficial for survival, but the same mechanism may become mala-
daptive and culminate in mental diseases such as posttraumatic
stress disorder (PTSD; Henckens et al., 2009).

Itis possible that spatial learning under cold water with increased
amygdala activation and reduced hippocampus involvement could
represent one component of the PTSD, augmentation of memory
for traumatic stimulus; but, when emotional memory consolidation
isinterfered, spatial memory impairments would appear. The results
in the acquisition threshold experiment could also support this
explanation, as under more stressful, CW, conditions, with decreased
hippocampal activity, spatial learning consisting of 3-trials training
was not sufficient for spatial memory formation compared to the
full 12-trials training, while no such difference was found under the
WW conditions with increased hippocampus activation.

These modifications in the pattern of activation of brain regions
involved in learning and emotionality may underlie the alterations
in the quality of memory attributes, such as memory maintenance
and sensitivity to interference, described above.

SUMMARY

We have previously shown that the protocols utilized here resulted
in increased activation of the BLA, and have suggested that the
amygdala may then support memory related processes in other
brain areas (Akirav et al., 2001; Kogan and Richter-Levin, 2008).
The current findings support this view, but demonstrate that the
way emotionality enhances memory formation is somewhat more
complex than was initially appreciated. Emotionality may activate
the amygdala and the amygdala may support memory formation.
However, this beneficial effect of emotionality has a price. Under
heightened emotionality the process of consolidation seems to
become more complex and thus vulnerable to interference.

The study demonstrates the possibility that different aspects of
memory would be differentially affected by alterations in the level
of emotionality. These differential effects on memory attributes may
underlie the complex effects of stress and, particularly, of traumatic
stress on memory, since the mixture of memory impairment together
with augmented emotional memory is a key symptom in PTSD. Thus,
unraveling the complexity of stress effects on memory formation and
consolidation may contribute to our understanding of this disorder.
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