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Long-term memory (LTM) formation is dependent on neurochemical changes that guarantee that a recently formed
memory (short-term memory [STM]) remains in the specific neural circuitry via the consolidation process. The persistence
of recognition memory has been evidenced by using behavioral tagging in young adult rats, but it has not been effective on
aging. Here, we investigated the effects of treatment with a standardized extract of Ginkgo biloba (EGb) associated with
novelty on the consolidation of object location memory (OLM) and its persistence after weak training of spatial object pref-
erence in young adult and aged rats. The object location task used in this study included two habituation sessions, training
sessions associated or not associated with EGb treatment and contextual novelty, and short-term or long-term retention
testing sessions. Altogether, our data showed that treatment with EGb associated with novelty close to the time of encoding
resulted in STM that lasted for 1 h and persisted for 24 h for both young adult and aged rats. In aged rats, the cooperative
mechanisms induced robust long-term OLM. Our findings support and extend our knowledge about recognition memory
in aged rats and the modulating effects of EGb treatment and contextual novelty on the persistence of memory.

[Supplemental material is available for this article.]

Memory formation guarantees our ability to live in society; learn
concepts and meanings; recognize positive or negative properties
of the stimulus or context, preparing the organism for appropriate
responses (i.e., approach and avoidance behaviors); and acquire
and store information about the temporal-spatial relationship of
events/episodes (Tulving and Markowitsch 1998; Dere et al.
2005; Dudai et al. 2007). Therefore, it is a fundamental biological
process at multiple stages for humans and animals to acquire (en-
coding/training), store (short term or long term), and retrieve (re-
call) new information (Tulving and Markowitsch 1997; Abel and
Lattal 2001; Daumas et al. 2005; Kesner et al. 2008), which requires
integrity and changes in the state of the specific neuronal distribu-
ted network. Episodic memory (personal experiences) or episodic-
like memory formation depends on the interactions among the
medial temporal lobe, prefrontal cortex, prosencephalon basal,
and diencephalic structures. It is meant to assess the integration
of memories about when (time)/what (item)/where (spatial) infor-
mation of items (Tulving and Markowitsch 1997; Morris 2001;
Daumas et al. 2005; Dere et al. 2005; Kart-Teke et al. 2006;
Kesner et al. 2008; Gros et al. 2022) and is more vulnerable to the
effects of aging and cognitive disorders (Robitsek et al. 2008;
Bishop et al. 2010; Hamezah et al. 2018).

Spontaneous recognition memory can be assessed using a nat-
ural preference for object novelty (what), a preference for novel lo-
cation (where), and temporal order (when) or context (which) in
which objects or events are presented. Object location memory
(OLM) evaluates object place preference, which requires the dorsal
hippocampus for encoding and consolidation processes besides
the entorhinal cortex and thalamic (Vishnoi et al. 2016; Chao
et al. 2020, 2022; Teratani-Ota and Wiltgen 2022).
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Throughout the acquisition/encoding process, intern repre-
sentations of a given sensorial input may occur by electrochemical
changes in specific neural circuitry neurons (Tulving 2002). After
encoding, this information might be stored by engram cells, in
which the retention interval of information depends on the nature
of the engram; that is, the cellular and molecular memory traces
(Tonegawa et al. 2015). Long-term memory (LTM) formation is de-
pendent on neurochemical changes that guarantee that a recently
formed memory (short-term memory [STM]) remains in the specif-
ic neural circuitry via the consolidation process (Dudai 2002; Davis
and Zhong 2017). The best-characterized changes for LTM forma-
tion include transcription regulation and de novo translation
(Bourtchouladze et al. 1998; Silva et al. 1998; Josselyn and
Nguyen 2005; Alberini et al. 2006; Dere et al. 2007; Kandel et al.
2014; Alberini and Kandel 2015).

Different factors might affect the encoding process and influ-
ence how memory is formed and established. A newly encoded
memory initially exists in a labile state, which might be improved
or impaired by time-dependent physiological changes, behavioral
experience, and/or pharmacological interference (Ballarini et al.
2009; Alberini et al. 2013; Stern and Alberini 2013; Moncada
et al. 2015). Evidence suggests that a novelty exposure session, as
a novel context, occurring close in time to another event (e.g.,
weak training session) might modulate the synthesis of
plasticity-related proteins and result in long-lasting memory
(Moncada and Viola 2007; Alberini and Ledoux 2013; Moncada
et al. 2015; Vishnoi et al. 2018). Thus, a weak experience (which
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ECb and novelty enhanced spatial memory in rats

usually can produce only STM), when temporally associated with
another behavioral relevant experience, can result in an LTM.
This up-regulation of protein synthesis induced by a stronger asso-
ciate behavioral experience was named behavioral tagging
(Moncada and Viola 2007; Ballarini et al. 2009; Moncada et al.
2015), and the memory that persists over time suggests that an
overlap of the neuronal ensembles is activated by both weak and
novelty stimuli. Overlap in the population of neurons activated
by conditioned and unconditioned stimuli was observed in
Pavlovian conditioning and conditioned taste aversion (Ballarini
et al. 2009; Moncada et al. 2015; Nomoto et al. 2016).

The encoding and retention of relevant daily information
decline with aging, and age-associated place recognition memory
impairment has been associated with altered hippocampal circuits
(Rosenzweig and Barnes 2003). However, the persistence of mem-
ories might be improved by using behavioral tagging, a general
process that takes place to establish a transient short-term memory
into long-term memory at a young age but not in early aging
(Moncada and Viola 2007; Ballarini et al. 2009; Moncada et al.
2015; Nomoto et al. 2016; Vishnoi et al. 2016, 2018; Gros et al.
2022). Furthermore, age-related impairment in spatial memory is
the first form of memory loss in the aging process or early stage
of dementia (Morris 2001; Davis et al. 2013).

In addition to behavioral tagging, we postulated that treat-
ment with a standardized extract of Ginkgo biloba (EGb) could
modulate the molecular targets involved in the consolidation pro-
cess and induce LTM formation, since standardized extract of
Ginkgo biloba (EGb) has been associated with improvements in
memory formation in healthy young and middle-age volunteers
(Elsabagh et al. 2005; Kennedy et al. 2007; Tan et al. 2015) and
has been used in the treatment and prevention of neurodegenera-
tive disease and memory impairment in the elderly (Tang et al.
2002; Sangiovanni et al. 2017; Zhao et al. 2021). We wondered
whether aged rats treated with EGb would have improved the orig-
inal memory. That is, does EGb affect memory consolidation in
aged rats and promote LTM formation in a procedure that usually
can produce only STM? This hypothesis was also substantiated in
previous data from our laboratory showing that EGb treatment im-
proved conditioned suppression memory formation by modulat-
ing neuronal circuits into hippocampal formation in young adult
rats (Oliveira et al. 2009, 2013; Gaiardo et al. 2019; Zamberlam
et al. 2016, 2019) and middle-aged rats (Ribeiro et al. 2016).
Furthermore, we also showed that EGb treatment results in the per-
sistence of fear memory (Zamberlam et al. 2016, 2019) and object
recognition memory by up-regulating BDNF into hippocampal for-
mation (Muratori et al. 2021).

Here, we investigated the effects of the administration of EGb
and/or novelty on the consolidation of spatial memory and its per-
sistence after a weak training of object location memory (OLM) in
young adult and aged rats. In addition, it allowed us to assess
hippocampal-dependent memory, which is based on the natural
tendency of rats to spend more time investigating the new object
or new location object (Sweatt 2010).

Results

Experiment I: effects of novelty on memory in young adult
and aged rats

To investigate the effect of novelty on promoting STM and LTM
when it was experienced after a weak training task, we first estab-
lished the weak stimulation paradigm in young adult rats using a
novel object location task (exploration for 5 min), which was com-
pared with strong training (exploration for 15 min). Initially, the
rats were randomly assigned into two groups: stronger training
(ST; n=16) and weak training (WT; n=14). One half was tested 1
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h (STM; n=8-7/per group) (Fig. 1A,B), and the other half of each
group was tested 24 h after training, where LTM was evaluated (n
=8-7/per group) (Fig. 1C,D). The choice to explore the novel loca-
tion more than the familiar location reflects short-term or long-
term object location memory formation.

Data from the DI (Fig. 1A,C) and RI (Fig. 1B,D) for object loca-
tion memory retrieval revealed that young adult rats subjected to
stronger training spent more time interacting with a novel location
object during STM probe testing (DI=0.1875, P=0.0437) in rela-
tion to the sample session (DI=-0.0769). Further analysis using
one-sample t-tests showed that the DI and RI were greater than
chance (DI=0) during the STM testing session for the strong train-
ing group (P=0.0004 and P=0.0062, respectively) (Fig. 1A,B).
Moreover, rats subjected to weaker training spent more time inter-
acting with a novel location object during STM, since the DI
(0.2571) and RI (0.6429) were >0.0 and >0.5, respectively, but no
significant differences were seen between these values and chance
level.

During LTM retrieval testing, the ST group showed a DI >0.0
(DI=0.200) and a RI >0.5 (RI=0.5625), indicating that the ST
groups showed a preference for the reallocated object.
Corroborating these data, the DI was greater compared with the
chance exploration level of 0.0 (P=0.0185) during the LTM testing
session. Conversely, the WT group spent a similar amount of time
exploring the object in the familiar and novel object locations (DI =
0.0140). Analysis of the recognition index for the WT group (RI=
0.3429) corroborated the data from the DI, since weak training
did not result in STM or LTM (Fig. 1C,D; for details, see Table 1).

Effect of novelty on young adult animals

To analyze the effect of novel context exploration after training for
short-term and long-term object location memory (OLM) reten-
tion, we first analyzed the amount of time spent in the spontane-
ous exploration of moved object versus the familiar location object
by using the discrimination index and the recognition index for
the WT and WT +novelty groups during testing sessions 1 h (Fig.
2A,B) or 24 h (Fig. 2C,D) after training and compared with the
WT group in the sample session.

Data from the DIs for OLM of both the WT and WT + novelty
groups showed DI values >0.0, indicating a preference for the
moved object, but no differences were found compared with WT
(DI=0.2571) and WT +novelty (DI=0.1125) groups in relation to
chance levels for the DI (0.0) during STM (for details, see Table
1). Moreover, paired t-test was conducted to compare the object
discrimination index for the WT group during the sample session
in relation to the WT or WT +novelty groups, for which retrieval
was assessed 1 h after training, and revealed no significant differ-
ence between groups. The RI values were >0.5 for the WT (RI=
0.6429) and WT+novelty (RI=0.5500) groups, suggesting that
the familiar location object was remembered in STM, but the
recognition indices of both groups were similar to chance level
(0.5) (Fig. 2B).

The exposition of novel context failed in LTM generation,
since no differences were found compared with the mean of dis-
crimination indices for the WT+novelty (DI=-0.0714) and
weak training (DI=-0.2875) groups in relation to the sample ses-
sion (DI=0.0140 and DI=0.0244, respectively) and both groups
in relation to chance level for the DI (0.0) (Fig. 2C). Nevertheless,
during LTM recall, while the RI was <0.5 for the WT group (RI=
0.3428), the WT +novelty group showed RI=0.5225, suggesting
that novelty after weak training might contribute to the recogni-
tion of familiar location objects. However, no difference was seen
between groups and in relation to chance level (for details, see
Table 1).
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Figure 1. Schematic representation of the procedure for acquisition and retrieval of the object location memory (OLM) task. Young adult rats were
allowed to freely explore the sample objects (A and B) for 15 min (strong training [ST]) or for 5 min (weak training [WT]). (A-D) Memory retention
was evaluated 1 h (short-term memory [STM]) or 24 h (long-term memory [LTM]) after the training session. The mean discrimination index (DI) and rec-
ognition index (RI) of the sample objects were evaluated on training session for WT and ST groups. Mean DI (A,C) and RI (B,D) of the moved and sample
objects were evaluated on STM (A,B) and on LTM (C,D) (n=8-7 per group/time probe test). All individual values are shown. The values are presented as the
means (+SEMs). The horizontal lines represent the chance value for the DI (0.0) and for Rl (0.5). Blue significant P-values represent the ratio discriminations
from the group above chance level, according to one-sample t-tests. Intragroup comparisons (testing vs. training sessions) used a paired t-test.

In summary, our data revealed that contextual novelty did elty groups as compared with the DI during the sample session.
not facilitate short-term retention of weak encoding (30 min later) Data from the DIs for the WT (DI=-0.300) and WT + novelty (DI
in young adult rats. On the other hand, they suggest its role in the =-0.1428) groups on OLM-LTM retrieval showed values <0.0, in-
modulation of LTM formation, since the DI and RI were higher dicating that the familiar location object was not remembered (Fig.

than the chance value, although we did not see a significant differ- 3A). Similarly, the Rl values for the WT (RI=0.3571) and WT + nov-
ence between groups. Thus, we investigated whether weak training elty (RI=0.4285) groups corroborated the DI data and revealed no

and subsequent novelty would affect long-term object location recognition of LTM formation for either group (Fig. 3B; for details,
memory in aged rats. see Table 1).

Long~term memory in aged animals Experiment II: effect of EGb treatment on OLM
Comparative analysis of time exploring both objects using a paired Considering previous data from our laboratory that showed en-
t-test revealed no significant difference for the WT and WT + nov- hanced effects of EGb on memory formation, we next investigated
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Table 1. Discrimination index (DI) and recognition index (RI) from the young adult rats and aged group rats during the sample and test phase

Discrimination index (DI)

Recognition index (RI)

Young adult rats

Probe session

Probe session

Probe session

Probe session

Groups Training OLM-STM Training OLM-LT™M Training OLM-STM Training OLM-LTM
Strong training (ST) DI=-0.0769 DI=0.1875 *** DI=0.04621 DI=0.200 * RI=0.4871 RI=0.5875 *** RI=0.5196 RI=0.5625
(t=0.8510; (t=6.355; (t=0.4880; (t=3.055; (t=0.6924; (t=3.862; (P=0.4290) (P=0.1803)
P=0.4229), P=0.0004), P=0.6405), P=0.0185), P=0.5110); P=0.0062) n=8
n=8 n=8 n=8 n=8 n=8
Weak training (WT) DI=0.0613 DI=0.2571 DI=-0.01403 DI=-0.2857 RI=0.5307 RI=0.6429 RI=0.4916 RI=0.3429
(t=1.238; (t=1.703; (t=0.1376; (t=1.256; (t=1.238; (t=1.901; (t=0.3810; (t=2.091;
P=0.2618), P=0.1394), P=0.8945), P=0.2494), P=0.2618), P=0.1060), P=0.7161), P=0.0081),
n=7 n=7 n=7 n=7 n=7 n=7 n=7 n=7
WT +EGb DI=0.0435 DI=0.2750 DI=0.0887 DI=0.000 RI=0.5218 RI=0.6250 RI=0.5444 RI=0.5000
(t=0.8057, (t=1.308; (t=1.444; (t=0.000; (t=0.8057; (t=1.156; (t=1.444; (t=0.000;
P=0.9875), P=0.2322), P=0.1921), P>0.9999), P=0.4469), P=0.2857), P=0.1921), P>0.999),
n=8 n=8 n=8 n=8 n=8 n=8 n=8 n=8
WT + vehicle DI=0.0128 DI=0.0324 DI=0.05782 DI=-0.2857 RI=0.5064 RI=0.4853 RI=0.5289 RI=0.3571
(t=0.3137; (t=0.6153; (t=0.6346; (t=1.844; (t=0.3137; (t=0.1192; (t=0.6346; (t=1.698;
P=0.7629, P=0.5578), P=0.5491), P=0.1148), P=0.7629), P=0.9085), P=0.5491), p=0.1403),
n=8 n=8 n=7 n=7 n=8 n=8 n=7 n=7
WT + novelty DI=-0.0116 DI=0.1125 DI=-0.0244 DI=0.0714 RI=0.4942 RI=0.5500 RI=0.5153 RI=0.5250
(t=0.2672; (t=1.123; (t=0.4273; (t=0.3892; (t=0.2672; (t=1.080; (t=0.4130; (t=0.3055;
P=0.4469), P=0.2932), P=0.8945), P=0.7105), P=0.7970), P=0.3159), P=0.6920), P=0.7669,
n=8 n=8 n=7 n=7 n=8 n=8 n=8 n=8
WT + veh + novelty DI=-0.0079 DI=0.1714 DI=0.0682 DI=0.2857 RI=0.4960 RI=0.600 RI=0.5341 RI=0.6429
(t=0.1595; (t=0.7400; (t=0.8903; (t=0.1549; (t=0.8660; (t=0.1595; (t=0.8903; (t=1.508;
P=0.8785), P=0.4871), P=0.4076), P=0.1723), P=0.419), P=0.875), P=0.6841), P=0.1824),
n=7 n=7 n=7 n=7 n=7 n=7 n=7 n=7
WT +EGb + novelty DI=0.0979 DI=0.0375 DI=0.0635 DI=0.2625 RI=0.5490 RI=0.5250 RI=0.5318 RI=0.6250
(t=1.546; (t=0.1323; (t=0.8045; (t=2.008; (t=1.546; (t=0.177; (t=0.8045; (t=1.930;
P=0.1661), P=0.8985), P=0.4476), P=0.084), P=0.1661), P=0.8644), P=0.4476), P=0.095),
n=8 n=8 n=8 n=38 n=8 n==8 n=8 n==8
Aged rats
Weak training (WT) No No DI=0.02510 DI=-0.300 No No RI=0.5126 RI=0.3571
(t=1.137; (t=1.250; (t=0.9292; (t=1.179;
P=0.2991), P=0.2579), P=0.2991), P=0.282),
n=7 n=7 n=7 n=7
WT +EGb No No DI=0.03879 DI=-0.5286 No No RI=0.594 RI=0.2286
(t=0.9292; (t=2.252; (t=0.9292; (t=2.407;
P=0.3886), P=0.0653), P=0.3886), P=0.052),
n=7 n=7 n=7 n=7
WT + no\/e|ty No No DI=-0.02041 DI=-0.1428 No No RI=0.5074 RI=0.4286
(t=0.6256; (t=0.7192; (t=0.2659; (t=0.3536;
P=0.5546), P=0.4991), P=0.7992), P=0.753),
n=7 n=7 n=7 n=7
WT +EGb + novelty No No DI=0.03824 DI=0.833 *** No No RI=0.5191 RI=0.8333
(t=0.9559; (t=5.00; (t=0.9559; (t=2.000;
P=0.3830), P=0.0041); P=0.3830), P=0.101),
n=6 n=6 n=6 n=6

The DI and RI are related to the training session (acquisition) and to the probe testing session to evaluate OLM 1 h after training (STM) or 24 h after training (LTM) obtained from independent groups of the young adult rats (3—4
mo old) and aged groups of rats (16-18 mo old) evaluated in the LTM probe testing session. (*) P<0.05, (***) P<0.001 according to one-sample t-tests versus DI (0.0) and RI (0.5) above chance level. Comparison of the DI and RI
during training shows that all groups subjected to strong training (ST groups; n=38 per group) and weak training spend similar amounts of time exploring both objects (no preference). Rats subjected to weak training were randomly
assigned to 12 subgroups distributed according to training—testing intertrial sessions (STM [n=7-8 per group] and LTM [n=7-8 per group]). Each group was further divided into six subgroup according to treatment (WT +1.0 g/kg
EGb + novelty and WT + vehicle + novelty) and presence of exploration in a novel context (n=7-8 per group). Aged rats were evaluated for LTM and distributed into four subgroups: WT, WT + novelty, WT+1.0 g/kg EGb, and WT +
EGb + novelty (n=6-7 per group).
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ing the STM testing session (for details,
see Table 1). Moreover, comparisons of
the DI and RI during training for WT
group versus the STM testing session
were examined by paired t-test and re-
vealed no significant difference in per-
centage of the time spent exploring
both objects after the object moved for
all groups (for details, see Table 1).
Analysis of data from the recall LTM
session (Fig. 4C) by two-way ANOVA
revealed no interactions between factors
(EGb treatment vs. novelty; F3z6)=
1.990, P=0.1402); however, our finding
revealed that novelty associated with
EGb modulates LTM formation after
weak training (F(3 26)=4.101, P=0.0165).
Rats subjected to weak training before
treatment with EGb +novelty have a DI
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Figure 2.

isons (testing vs. training sessions) used a paired t-test.

whether EGb treatment before novel context experiences might
impact weak training and improve long-term object location mem-
ory in young adult rats and aged rats.

Effect of EGb treatment on young adult animals

The effects of the EGb treatments on STM and LTM, associated or
not with novelty, are depicted in Figure 4. Comparisons between
the DI results of the novel location object test by two-way
ANOVA revealed no interaction between factors (EGb treatment
vs. novelty; F(3 26,=0.3316, P=0.8025) during the STM testing ses-
sion, but rats subjected to EGb treatment or novelty following weak
training showed the DI was >0.25, suggesting that the familiar lo-
cation object was remembered (Fig. 4A). Similarly, no interactions
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allowed to freely explore the sample objects (A and B) for 5 min (weak training [WT]), and the mean
discrimination index (DI) and recognition index (RI) of the sample objects were evaluated in indepen-
dent cohort of rats subjected to STM or LTM. The DI (A,C) and RI (B,D) of the moved and sample
objects were evaluated for the 5 min in the object location memory testing (OLM) on STM (A,B) and
on LTM (C,D) in rats of the WT groups or in rats subjected to contextual novelty 30 min after weak train-
ing (WT + novelty; n=8 per group/time probe test). All individual values are shown. The values are pre-
sented as the means (+SEMs). Lines represent the chance value for the DI (0.0) and RI (0.5). Comparison
of ratio discriminations from the group above chance level used one-sample t-tests. Intragroup compar-

89

way ANOVA revealed no interaction be-
tween factors (EGb treatment vs. novelty;
F(3,26) =2.05 1, P= 01314) during the LTM
testing session but did show the effects of
treatment  (F(326=4.486, P=0.0115).
Analysis of the RIs for WT + vehicle + nov-
elty (RI=0.642) and WT +EGDb + novelty
(RI[=0.625) groups revealed that they
were able to recognize the moved object
in LTM testing sessions, but no LTM of
the location object was seen in the WT +
EGb-treated (RI=0.500) or WT (RI=
0.3428) groups (Fig. 4D). One subject
was excluded from the analysis according
to the statistical outlier criterion (Prisma 9.0 program) (for details
see Table 1).

Training OLM

Effect of EGb treatment on aged animals

Data from the DI and RI during the training and the recall of LTM
sessions for aged rats are shown in Figure 5, A and B, respectively.
Comparative analysis of the time spent exploring both objects us-
ing two-way ANOVA revealed no interaction between factors
(F(1,46)=0.2519, P=0.6181) but did show the effects of treatment
(F(3,46)=7,131, P=0.0005). Rats subjected to EGb treatment and
novelty following weak training showed a higher DI (DI=0.833)
in relation to the WT (DI=-0.300), WT +EGb (DI=-0.528), and
WT +novelty (DI=-0.1428) groups during the LTM testing
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Additional data from the frequency
of contact with the familiarly located ob-
ject versus the moved location object are
shown in Supplemental Figure 1 for young
adult rats during training (Supplemental

(4
B

OLM Testing
(5 min)

Schematic time line of the procedure for the acquisition and retrieval of object location
memory (OLM). The data show the effect of contextual novelty after weak encoding on long-term
memory (LTM) sessions. In the training session, aged rats were allowed to freely explore the sample
objects (A and B) for 5 min (weak training [WT]), and the mean discrimination index (DI) and recogni-
tion index (RI) of the sample objects were evaluated in rats of the WT groups or in rats subjected to con-
textual novelty 30 min after weak training (WT + novelty; n=7 per group). The DI (A) and RI (B) of the
moved and sample objects were evaluated for 5 min in the object location memory testing (OLM) 24 h
after training (LTM)) in rats of the WT or WT + novelty (n=7 per group) groups. All individual values are
shown. The values are presented as the means (+SEMs). Lines represent the chance value for the DI (0.0)
and RI (0.5). Intragroup comparisons (testing vs. training sessions) used a paired t-test. Comparisons
between the ratio discriminations from the group above chance level used one-sample t-tests. There

was no difference between any experimental group (for details, see Table 1).

session. Moreover, within-group comparisons revealed a signifi-
cant difference in relation to the training session, indicating that
the EGDb treatment associated with novelty resulted in an improve-
ment of memory, and the aged rats remembered the familiar loca-
tion object.

Corroborating the previous findings, two-way analysis
showed an interaction between factors (novelty vs. treatment;
F,23)=7.106, P=0.0138) (Fig. 5B). Rats subjected to weak training
and treatment with EGb and novelty showed a higher RI (RI=
0.833). Conversely, rats of the WT (R[=0.428), WT+EGb (RI=
0.228), and WT +novelty (RI=0.428) groups showed a lower RI
in LTM testing sessions.
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Fig. S1A,C) and on STM (Supplemental
Fig. S1B) and LTM (Supplemental Fig.
S1D), as well as for aged rats during train-
ing (Supplemental Fig. S1E) and on LTM
testing sessions (Supplemental Fig. S1F).
Statistical analysis revealed that all ani-
mals had similar frequency of contact
with objects (paired t-test, P>0.05) (see de-
tails in the Supplemental Material), except
the ST group, for which retrieval of OLM
was assessed 1 h after training (t=2.959,
P=0.0211). However, data from the DI
and RI for the ST groups revealed that
time spent at each object (A and B) was
similar (Fig. 1).

N WT
1 WT + novelty

Discussion

In summary, our present results substanti-
ate the following conclusions: (1) Weak
training of object location (explored for 5
min) resulted in STM formation that lasted
for 1 h but did not induce LTM formation.
(2) Novelty (novel context exploration for
5 min) was effective in generating LTM in
young adult rats subjected to weak training
but not in aged rats, which showed im-
paired long-term spatial memory. (3)
Treatment with EGb associated with nov-
elty close to the time of the encoding re-
sulted in LTM for both young adult and
aged rats. In aged rats, the cooperative
mechanisms induced robust long-term
spatial memory.

Altogether, our data suggest that EGb
treatment immediately after weak training
and associated in a short time interval with
a novel context might have improved the
molecular mechanisms correlated with
the consolidation process, leading to the
persistence of memory. Furthermore, EGb
might modulate molecular changes in-
volved in the early phase of long-term
potentiation (LTP), induced by weak stim-
ulation, which can persist as a result of the
converging pathways within a critical time
window around the weak stimulation
(Nomoto et al. 2016; Vishnoi et al. 2018;
Gros et al. 2022).

LTM formation of object place preference is a highly dynamic
process that involves cellular and molecular changes required for
consolidation processes, which occur in the hippocampal forma-
tion (Morris 2001; Armentia et al. 2007; Tonegawa et al. 2015).
Supporting data in animal studies highlight that de novo expres-
sion of cAMP response element binding protein (CREB) is a long-
term memory formation marker in hippocampus-dependent con-
solidation and plasticity-related proteins involved in synaptic
changes necessary for the maintenance of memory (Yin et al.
1995; Guzowiski and Mcgaugh 1997; Silva et al. 1998;
Rosenzweig and Barnes 2003; Zhou et al. 2009; Josselyn et al.
2015; Lisman et al. 2018).
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Figure 4. Schematic time line of the procedure for the acquisition and retrieval of object location memory (OLM). The data show the effect of treat-
ment with standardized extract of Ginkgo biloba (EGb) or vehicle immediately after the weak encoding session associated or not with contextual novelty
(30 min after training) in short-term memory (STM) and long-term memory (LTM) sessions. In the training session, young adult rats were allowed to
freely explore the sample objects (A and B) for 5 min (weak training [WT]), and the mean discrimination index (DI) and recognition index (RI) of the
sample objects were evaluated in independent cohorts of rats subjected to STM or LTM (n=7--8 per group/time probe test). The DI (A,C) and Rl (B,D)
of the moved and sample objects were evaluated for 5 min in the object location memory testing (OLM) 1 h after training (STM) (A,B) or 24 h after
training (LTM) (C,D) in rats of the WT, WT + EGb, WT + vehicle + novelty, and WT + EGb + novelty groups (n=7-8 per group/time probe test). All indi-
vidual values are shown. The values are presented as the means (+SEMs). Lines represent the chance value for the DI (0.0) and RI (0.5). Comparisons
between the ratio discriminations from the group above chance level used one-sample t-tests. Intragroup comparisons (testing vs. training sessions)
used a paired t-test and revealed the effect of novelty and/or EGb on LTM.

Supporting the effect of EGb on the persistence of memory, nin type 1A receptor, and both the GluN2B and GluN2A subunits
we have previously shown that acute treatment with 1 g/kg EGb re- of the N-methyl-D-aspartate (NMDA)-type glutamate receptor
sulted in long-term persistence of fear memory through increased mRNA and the protein in the dorsal hippocampal formation
levels of cAMP response element binding protein (CREB), seroto- (dHF) that are involved in the consolidation process of lick
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Figure 5. Schematic time line of the procedure for the acquisition and
retrieval of object location memory (OLM). The data show the effect of
treatment with standardized extract of Ginkgo biloba (EGb) immediately
after a weak encoding session associated or not with contextual novelty
(30 min after training) on long-term memory (LTM) sessions. In the train-
ing session, aged rats were allowed to freely explore the sample objects (A
and B) for 5 min (weak training [WT]), and the mean discrimination index
(DI) and recognition index (RI) of the sample objects were evaluated in an
independent cohort of rats subjected to STM or LTM (n=7-8 per group/
time probe test). The DI (A) and RI (B) of the moved and sample objects
were evaluated for 5 min in the object location memory testing (OLM)
24 h after training (LTM) for WT, WT + EGb, WT + vehicle + novelty, and
WT +EGb + novelty (n=7-8 per group/time probe test). All individual
values are shown. The values are presented as the means (+SEMs). Lines
represent the chance value for the DI (0.0) and RI (0.5). Comparisons
between the ratio discriminations from the group above chance level
used one-sample t-tests (blue value). Intragroup comparisons (testing vs.
training sessions) used a paired t-test and revealed the effects of EGb asso-
ciated with novelty in LTM.

suppression (Oliveira et al. 2009, 2013; Zamberlam et al. 2019) and
differential protein expression in the dHF involved in established
morphological changes in neurons, which are required for the per-
sistence of memory (Gaiardo et al. 2019). Similarly, EGb modulat-
ed BDNF expression in the dHF of rats subjected to object
recognition memory (Muratori et al. 2021). The role of the dHF
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on behavioral tagging and capture was described by other groups
(Armentia et al. 2007; Nomoto et al. 2016; Gros et al. 2022).

Additionally, age-related structural and physiological changes
in the neural system involved in spatial recognition memory, such
as hippocampal formation (Akkerman et al. 2012; Maasberg et al.
2012), can be a main target of EGb through modulating molecular
mechanisms related to memory loss. We have demonstrated that
1.0 g/kg EGb improved short-term spatial memory and preventive
effects in the prefrontal cortex in middle-aged rats (Ribeiro et al.
2016). Furthermore, data suggest that the anatomical correlation
of CA1 with other subfields of the hippocampus or extrahippocam-
pal structures might substantiate the encoding of some aspects of
memory function during temporary inactivation.

Regarding age-related changes in the detection of object loca-
tion and novelty, our findings are in accordance with prior studies
from Maasberg et al. (2012). Aged rats might require longer exposi-
tion to novelty for the behavioral tagging and persistence of mem-
ory to take place as observed for young adult rats, since no
significant age-related factor was observed at the time of contact
with objects (familiar and moved) between groups. Furthermore,
our data demonstrated that STM lasted for 1 h, distinct from recent
works that evaluated STM as lasting for 30 min (Nomoto et al.
2016).

Conclusion

Our data revealed for the first time the effects of the cooperative
mechanism of behavioral tagging and EGb treatment in young
and aged animals, which might provide remarkable insights into
the functional recovery; notably, that it is involved in long-term
spatial memory formation that is lost in normal aging and
Alzheimer’s disease. In this sense, the present findings add to the
growing literature demonstrating age-related memory impair-
ments and provide further evidence of the role of EGb as a cogni-
tive enhancer.

Materials and Methods

Animals

One-hundred-four experimental young adult (age range 3-4 mo)
and 28 aged (age range 16-18 mo) male Wistar rats were obtained
from the Center for the Development of Experimental Medicine
and Biology (University of Sao Paulo [USP]). The animals were
group-housed (three or four per cage) with ad libitum access to
food and water during all experimental procedures. The animals
were kept at a controlled temperature (21°C + 3°C) and relative hu-
midity (55 +10) on a 12-h light/dark cycle, with light onset at 6 a.
m., and treatments and behavioral analysis were performed during
the light cycle (between 7:00 a.m. and 1:00 p.m.). All procedures
were carried out in accordance with the Ethics Committee on the
Use of Animals (CEUA) of the Federal University of Sdo Paulo (pro-
ject number license CEUA UNIFESP 4035281119) and were con-
ducted following the Brazilian Federal law (11794/2008) on the
care and procedure of animal experimentations.

Adult young rats were randomly assigned into 14 subgroups
(n=7-8 per group) as follows: groups 1 and 2: strength of
training (strong [ST] or weak [WT]), groups 3 and 4: treatment
(WT+1.0 g/kg EGb or WT +vehicle [0.9% saline]), group 5: the
presence of exploration in a novel context (WT +novelty), and
groups 6 and 7: EGb treatment plus novelty (WT+ 1.0 g/kg EGb+
novelty and WT +vehicle +novelty), which were subjected to
short-term probe testing (1 h) to evaluate object location memory
(OLM) in rats. Another seven independent groups of rats were eval-
uated on long-term (24 h, n=52) training-testing intertrial ses-
sions. Aged rats were distributed into four subgroups: WT (n=7),
WT +novelty (n=7), WI'+1.0 g/kg EGb (n=7), and WT+EGb+
novelty (n=06) (see Table 1).
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Drug administration

As previously described, the standardized extract obtained from
the green leaves of Ginkgo biloba (EGb) containing a flavonoid-rich
fraction (~24% ginkgo flavoglycosides) was administered at a dose
of 1.0 g/kg, which was chosen according to previous studies con-
ducted in our laboratory that showed improvement in fear memo-
ry (Oliveira et al. 2013; Ribeiro et al. 2016; Zamberlam et al. 2016;
Gaiardo et al. 2019) and nonaversive memory (Muratori et al.
2021). The extract was resuspended in 0.9% saline (vehicle) and ad-
ministered orally via a gastric tube (IG) immediately after the ac-
quisition phase (training session).

Obiject location memory task

Apparatus and objects

The object location task (OLT) was conducted using a black wood-
en square arena (70 cm long x 70 cm wide x 70 cm high). For OLT,
two different objects with a similar degree of complexity were used
(Lueptow 2017) that were previously validated in our laboratory to
ensure there was no innate preference to any object or discrimina-
tion. Furthermore, the two objects were similar in their pattern
(e.g., by size and no odor cues) (Muratori et al. 2021). The objects
were placed in the same corner of the open field for all of the ani-
mals and according to the phase of the OL (training or test). We
counterbalanced the use of each object serving as A and B (e.g.,
half of the rats had a bottle as object A and a statuette as object
B, and the remaining rats received the inverse arrangement). The
pattern was reversed for the remaining rats to minimize any poten-
tial induced object preference. Exploration of an object was consid-
ered directing the nose at a distance of ~2 cm to the object and/or
sniffing or touching it with the nose (Ennaceur and Delacour 1988;
Ennaceur et al. 2005). As a relative novelty, a circular arena of trans-
parent acrylic walls was used. Rats are very sensitive to their envi-
ronment, since they have an innate preference for novelty and
exploration (Rangel-Gomez et al. 2015). The novelty consisted of
a circular arena (90 cm in diameter and 50 cm high) that was pre-
sented 30 min after the training session or training+treatment
(EGD or vehicle).

Prior to behavioral testing, rats were transferred to a room ad-
jacent to the behavioral space that was kept on low-intensity light
and were single-housed for 5 min before the experimental sessions.
The experimental sessions occurred in a testing room in which a
60-W incandescent bulb was angled at the ceiling over the experi-
mental arena. On each day of the experiment, the arena and ob-
jects were cleaned with 70% ethanol, and fresh bedding was
placed to limit olfactory cues. The experimental sessions were re-
corded using a digital camera (Samsung ES68) fixed above the ap-
paratus. Due to the number of animals and time requirements,
the experiment was developed in six sets (three aged/three young
adults). In each set, all experimental sessions were conducted using
one rat from each group (control or treated) undergoing the same
protocol. After each rat was tested, the apparatus and objects
were carefully cleaned with 20% ethanol solution to remove
odor cues, and the animals were returned to their home cages.
After each session, the animals were returned to a clean home
cage but in the same conditions as before to avoid stress and dis-
comfort. After the animals were placed in the square (training
and testing sessions) or circular arena (contextual novelty), the ex-
perimenter left the room to avoid interfering with the animal’s
behavior.

Prior to the beginning of the experimental sessions, all ani-
mals were handled for a period of 10 min/d over 2 d before the ex-
periment to avoid the effects of experimenter handling (Shimoda
et al. 2021). Before each experimental session, the rats were indi-
vidually transferred to a room adjacent to the behavioral space.
The room was kept on low-intensity light, and rats were single-
housed for 10 min before the experimental sessions.

Experimental procedure

The OLT procedure used in this study included two habituation
sessions: a familiarization session (training session) that was fol-
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lowed or not for contextual novelty and short-term or long-term
retention testing session, as described below.

Habituation. On the first and second days of habituation, each rat was
allowed to freely explore the empty arena (square) for 10 min, and
there were no objects in the arena. The rats were placed against the
center of the opposite wall. It was important to allow the
habituation to minimize the interest of the animal in the novel
environment and avoid interference in the acquisition and
retention phase.

Acquisition of OLM. On day 3, during the training session (i.e., sample/
encoding session), the rats were allowed to freely explore the
objects (objects A and B) for 15 min (strong training [ST[) or for
5 min (weak training [WT]). The rationale for choosing the
familiarization procedure used in this study was based on
previous data from the literature, such as the study by Shimoda
and colleagues (Ozawa et al. 2011; Shimoda et al. 2021), which
showed differences between the length of familiarization in the
object recognition training session and long-term recognition
memory (24 h). Complementary data from the study by Ozawa
and colleagues (Ozawa et al. 2011; Akkerman et al. 2012;
Nomoto et al. 2016; Shimoda et al. 2021) suggest that longer
exploration of the objects during the familiarization session may
allow the animals to make associations between each element
of information, such as objects. Data from our laboratory
corroborate these studies (Muratori et al. 2021). In addition, we
considered that we also used aged rats, which might show a
larger range of individual differences in the acquisition and
retention of OLM (Robitsek et al. 2008; Akkerman et al. 2012).
Objects used had similar patterns (e.g., similar size, texture, and
color and no odor cues) to avoid bias resulting from the
individual preference for specific objects (Bevins and Besheer
2006; Antunes and Biala 2012; Muratori et al. 2021).

Novelty. The novelty exposure procedure involved placing a rat in a
novel context (that is, a novel arena), and the rats were left to
explore freely for 5 min. To examine the effects of novelty on
short-term and long-term OLM retention, the animals were
exposed to a novelty session 30 min after weak training or weak
training + treatment (EGb or vehicle) and then returned to a
holding cage.

Memory retention test. Memory retention was evaluated 1 h (short-term
memory [STM]) or 24 h (long-term memory [LTM]) after the
training session. The OLM requires the identification and
discrimination of object location, which were evaluated by the
differences in the exploration time of objects that were in novel
or familiar locations. During the probe session, the animals were
returned to the same arena of training with the same objects
(object A and object B); however, one of the objects was moved
to a novel object location. To counterbalance the preference for
objects across groups, half of the animals in each group received
one of each object with the location of the novel object. For all
groups, we considered the reallocated object as object B.

Object location analysis

For the analysis of the OLM, we used the mean discrimination
index (DI=time spent exploring object B —time spent in object
A/time spent in object B + time spent in object A). The DI values
range from —1 to 1. A DI=0 indicates no preference, exploring
both objects for the same time. Values >0 indicate that the rat pre-
ferred to explore the reallocated object (object B), and values <0
(i.e., negative values) indicate a preference for the familiar object
(object A). In addition, we evaluated the recognition index (RI=
time spent exploring object B/total object exploration time [novel
location vs. familiar]). Values equal to 0.5 indicate no recognition
that the object is in a novel location. Values >0.5 indicate that the
rat preferred to explore the reallocated object. These analyses allow
us to examine differences between groups regarding the effects of
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novelty and treatment and each individual group’s ability to dis-
criminate between the novel and familiar objects.

Animals that did not explore for >15 sec for each object during
stronger training and 5 sec for each object during weaker training
were excluded from our data analysis (Eacott and Norman 2004;
Vogel-Ciernia and Wood 2014; Cinalli et al. 2020).

Statistical analysis

The frequency of contact and time spent exploring the objects
were manually scored at all phases (sampling and test phases)
(see Supplemental Fig. 1). t-tests were used for comparisons of
the mean discrimination index (DI) and mean recognition index
(RI) between stronger and weaker training groups as well as for
the comparisons between data from training and probe testing ses-
sions (STM or LTM). To evaluate whether the mean DI or mean RI
of each group was greater than chance (value 0.0 and 0.5, respec-
tively) under each condition, we performed the one-sample t-test
(see Table 1). Two analyses of variance (ANOVA) with a post hoc
Tukey’s HSD test were used to evaluate the effects of treatment or
novelty and the interaction between these factors on the DI and
RI on short-term and long-term memory, since these measures
are more robust against different levels of exploration between
groups, considering the age and treatment of animals (Cinalli
et al. 2020). Data are reported as the mean + SEM. The null hypoth-
esis was rejected when the two-tailed probability value was <5% (P
<0.05). Data analyses were performed using GraphPad Prism 9.0.

All procedures were approved by the Local Committee
Governing the Ethics on the Use of Animal Experimentation of
the Federal University of Sdo Paulo (CEUA UNIFESP 4035281119)
and were conducted in accordance with the Brazilian law for the
use of animals in scientific research (N 11.794) as suggested by
the APA Guidelines for Ethical Conduct in the Care.
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