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Abstract

Our group has focused on understanding the putative neuromodulatory effects of
flavonoidic-rich plants or flavonoidic molecules. This mini-review summarizes the effects
of these substances on fear memory and anxiety in adult and middle-aged rats Multiple-
dosing schemes, different behavioral procedures and different time points of treatment have
provided direct evidence of the modulatory effects of these molecules upon the acquisition
and extinction of conditioned suppression. This has enabled us to further evaluate short-
and long-term memory. To better understand the effects of standardized extract of Ginkgo
biloba (EGb) or of Flavonoidic fraction (FfB) on fear memory, we conducted both
pharmacological and molecular analysis. The dose-dependent effects observed after EGb or
FfB treatments on the conditioned fear include the spontaneous recovery of fear memory.
FfB reversed the effect of blocking of GluN2B subunits of N-methyl-D-Aspartate receptor
(GIuN2B-NMDARSs) on conditioned suppression. These results turned our attention to
the therapeutic relevance of these data, as the pharmacological agents that enhance the
acquisition/consolidation of fear memory or fear extinction might serve as an adjunct to
the treatment of memory decline or anxiety disorders. In addition, the molecular results
provided important information regarding the role of the dorsal hippocampal formation
(dHF) on conditioned suppression and as a possible target to potential drug therapy.
Additionally, we evaluated the effects of EGb on short and long term-memory in middle-
aged rats submitted to the plus maze discriminative avoidance task (PM-DAT) as well as
upon the level of DNA damage of Prefrontal cortex (PFC) and dHF. All together, these
findings appear to support and extend the view that flavonoids are cognitive enhancers.
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Introduction

Converging evidence over the last few decades has shown that
extracts of flavonoid-rich plant or flavonoid molecules have been the
focus of research as modulators of brain function, neuroprotective,
chemopreventive and anti-anxiety properties and memory-enhancing
effects.'® Tt has been suggested that the ability to modulate the
glutamatergic, serotoninergic, and GABAergic neurotransmission is
attributable to flavonoid-induced effects. Additionally, their antioxidant
activity, which is recognized by their ability to inhibit the production
of free radicals, and their neuroprotective effects were found to be
related.* Although studies ex vivo, in vivo, and in vitro have provided
evidence supporting the effects of flavonoids on the central nervous
system, the cellular and molecular pathways through which these
compounds modulate their effects are not completely understood.
Our group has sought to elucidate the role of flavonoid-rich extract or
flavonoidic fraction in fear memory and anxiety using a combination
of molecular, behavioral and pharmacological analysis. Our findings
regarding the cellular and molecular mechanisms of flavonoids action
appear promising with respect to the development of new therapeutic
strategies in the potential treatment or prevention of cognitive deficits
or anxiety disorders.

Ginkgo bilobaimproves short and long-term fear
memory by modulating dorsal hippocampal formation
and prefrontal cortex

Studies in our laboratory have characterized the putative
neuromodulatory effects of short and long-term treatment with

flavonoid-rich plant extracts, from a standardized extract of the green
leaves of Ginkgo biloba (EGb)™® on conditioned lick suppression
(CLS) in adult healthy Wistar rats. These behavioral effects were
associated with differential expression (mRNA and protein) of CAMP
responsive element binding protein-1 (CREB-1), grown associated
protein-43 (GAP-43) and glial fibrillary acidic protein (GFAP) in the
dorsal hippocampus (DH), the prefrontal cortex and the amygdaloid
complex. More recently we showed that EGb-treatment, in a dose-
dependent manner, modulates short- and long-term fear memory
during its acquisition and extinction on CLS task, suggesting that
different neurochemical systems can be involved in the acquisition
and retrieval of fear memory. Further, the reduced fear expression
during retrieval might be related to an anti-anxiety effect rather than
to mnemonic effects, as previously hypothesized by us.°

Consistent with this evidence, in another published study, we
showed that long—term treatment with EGb improved the short-term
memory in middle-aged rats on plus-maze discriminative avoidance
task (PM-DAT), which may be associated with reductions in free
radical production in the prefrontal cortex.’ This effect appeared to
be associated with reduced DNA damage in the prefrontal cortex
of middle-aged animals that received long-term pre-treatment with
EGD before and after cerebral H202-induced toxicity. It thus appears
that treatment with EGb protects prefrontal cortex from damage and
enhances the short-term memory.

Together, our data provides important information concerning the
effects of EGb and suggests that EGb may represent a promising drug
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to help prevent or treat neurocognitive impairments and prevent the
decline of memory due to aging. Also, our data suggested that both the
PFC and dHF are involved in modulatory effects of EGb on short- and
long-term fear memory.

Similar results were seen after a single dose treatment with crude
extract of Erythrina falcata (CE), pure flavonoids or flavonoid-rich
fractions from the stem bark of E. falcata using a one-trial, step-down
inhibitory avoidance (IA)’ or conditioned lick suppression (CLS)?
tasks.

Flavonoidic fraction improves the acquisition of fear
memory without preventing its extinction: role of dHF

Our data has established that the treatment with flavonoid-rich
plants or flavonoidic molecules resulted in a significant retention
of long-term fear memory and its spontaneous recovery evaluated
during extinction test sessions, although FfB did not prevent the
acquisition of the extinction of fear conditioning within-sessions.*’
Moreover, our data showed, through pharmacological manipulation
and genetic analysis, that acquisition of lick suppression is mediated
by hydroxytryptamine (serotonin) receptor, subunit 1A (5-HT1AR),
gamma-aminobutyric acid type A receptor (GABAAR) and GIuN2B-
NMDAR in the dorsal hippocampal formation (dHF). Furthermore,
for the first time, we showed by pharmacological and molecular
analysis that the fear memory acquisition is modulated by NMDAR
and spontaneous recovery of fear memory, verified after treatment
with flavonoidic fractions, may be reliant on tri-activation of GIluN2A/
GIluN2B-NMDARs and 5-HT1AR in the dHF.® Conversely, our
findings also suggested that spontaneous recovery is not modulated
by GABAARs. Furthermore, the varying effects of flavones on gene
expression may suggest that the dHF is implicated in conditioned
suppression, seeming to subserve the neural circuitry involved in
conditioned suppression.

Conclusion

Our results corroborate and advance the knowledge concerning
the protective and therapeutic properties of EGb and Flavonoid-rich
fraction in short- and long-term memory. The major fear memory/
treatment-dependent changes observed in our study included
spontaneous recovery of fear memory. In adult and middle-aged
rats this effect may be related to the enhancement of consolidation
of fear memory and short-term memory. These findings were further
confirmed by data from pharmacological and molecular analysis from
dHF obtained from rats treated with EGb or FfB and from PFC analysis
of DNA damage. Together, these findings support and extend the view
that flavonoids possess cognitive enhancing properties and provide
important information concerning the molecular basis of conditioned
suppression and the role of the DH in this process in addition to the
prevention or treatment of neurocognitive impairments.
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