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PERSPECTIVE

Current perspectives on the 
antidepressant-like effects of 
guanosine

Purines have a recognized importance as intercellular mes-
sengers. These molecules play an important role in the de-
velopment and maintenance of the central nervous system 
(CNS), as well as in its response to pathological conditions. 
Both adenine and guanine-based purines can be released 
from astrocytes, where they play a relevant role as extracel-
lular signaling molecules. Particularly, the nucleoside gua-
nosine has been proposed as an extracellular molecule that 
regulates the response of CNS to damage. Following injury, 
this nucleoside attains high concentrations in the extracel-
lular space, where it activates multiple signaling pathways, 
leading to neurotrophic and neuroprotective effects. De-
spite the fact that the role of guanosine in the CNS is just 
now being elucidated, several lines of evidence have sug-
gested that this nucleoside protects neural tissue from dam-
age by activating anti-apoptotic, anti-inflammatory and 
antioxidant mechanisms (Rathbone et al., 2008). Within 
this context, the protective effects of guanosine have been 
demonstrated against a plethora of different insults. These 
effects seem to be partially mediated by a specific G-protein 
coupled binding site, raising the possibility of existence of 
a putative guanosine receptor. Additionally, the trophic and 
neuroprotective effects of guanosine also appear to involve 
an interaction with the adenosinergic system, since block-
age of adenosine A1 and A2A receptors can partially inhibit 
these pro-survival properties of guanosine (which does not 
act as a ligand for these receptors). The action of guanosine 
on both the specific G-protein coupled binding site and the 
adenosinergic receptors is associated with the activation of 
pro-survival signaling pathways such as those involving the 
phosphatidylinositol-3 kinase (PI3K)/Akt and mitogen-ac-
tivated protein kinases (MAPKs) (Rathbone et al., 2008). 
Indeed, synchronization of distinct signaling pathways by 
this nucleoside seems to underlie most of its trophic and 
neuroprotective properties, including its ability to stimu-
late astrocytic glutamate uptake and the release of growth 
factors, as well as the induction of anti-inflammatory and 
antioxidant responses (Rathbone et al., 2008; Bettio et al., 
2016a). The trophic response elicited by guanosine involves 
the astrocytic release of molecules with a crucial role in the 
reparative processes of CNS including nerve growth factor 
(NGF), transforming growth factor beta (TGFβ) and fibro-
blast growth factor 2 (FGF-2) (Bau et al., 2005; Rathbone 
et al., 2008; Su et al., 2009). Furthermore, this nucleoside is 
able to induce neural stem cell proliferation by increasing 
the expression of brain-derived neurotrophic factor (BDNF) 
(Su et al., 2013). 

Keeping in mind that the multiple mechanisms underly-
ing guanosine activity are commonly dysregulated in most 
neuropathologies (i.e., excitotoxicity, neuroinflammation 
and oxidative damage), several studies have evaluated the 
therapeutic potential of this molecule in different in vitro 

and in vivo models of neurological conditions (for review 
see Bettio et al., 2016a). Within this context, the idea that 
guanosine may be an interesting target for future clinical 
investigations is supported not only by its protective effects, 
but also by its ability to stimulate regenerative processes in 
the CNS. For instance, the combination of neuroprotec-
tive and trophic properties of guanosine have an impact in 
the loss of dopaminergic neurons observed in Parkinson’s 
disease, as evidenced by a study investigating the func-
tional recovery induced by chronic administration of this 
nucleoside in rats with parkinsonism (Su et al., 2009). This 
symptomatic improvement was related to the ability of 
guanosine to reduce apoptosis, stimulate neurogenesis in 
the subventricular zone (SVZ) and increase the number of 
tyrosine hydroxylase positive cells in the substantia nigra. 
Moreover, the relevance of guanosine for neural regenera-
tion is further reinforced by studies investigating its system-
ic administration in rodents with spinal cord injury (SCI). 
Similarly, the functional recovery elicited by this nucleoside 
in SCI models seems to occur both through prevention of 
damage during the acute phase (i.e., inflammatory cascades 
and apoptosis) and stimulation of regenerative processes 
(i.e., proliferation and maturation of progenitor cells in-
volved in remyelination) (Jiang et al., 2008). 

Figure 1 Mechanisms implicated in the antidepressant-like effect of 
guanosine.
The antidepressant-like properties of guanosine are associated with the ac-
tivation of the phosphatidylinositol-3-kinase (PI3K) signaling pathway and 
its downstream target mammalian target of rapamycin (mTOR), as well as 
with its neuroprotective effects in the hippocampus, where this nucleoside 
reduces the occurrence of oxidative damage by stimulating the antioxidant 
response of neurons. In addition, the ability of this purine to stimulate 
glutamate uptake by neighboring astrocytes, may also contribute to its neu-
roprotective activity, particularly at hippocampal glutamatergic synapses. 
Furthermore, the antidepressant-like effects of guanosine are also correlated 
with the modulation of hippocampal structural plasticity (i.e., adult hippo-
campal neurogenesis). In particular, guanosine can induce morphological 
alterations in the ventral portion of the hippocampal dentate gyrus (a 
region thought to play a role in affective behaviors and mood regulation), 
promoting a significant increase in the number of immature neurons with-
out altering stem cell proliferation. 
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In line with this and given the similarities between the 
mechanisms underlying the neuroprotective effects of 
guanosine and those implicated in the activity of classic 
antidepressants (i.e., release of trophic factors, activation of 
pro-survival signaling, reduction of excitotoxicity and in-
flammatory/oxidant parameters), our group has focused on 
investigating the antidepressant-like activity of this nucleo-
side. We found that the acute administration of guanosine 
causes an antidepressant-like effect in two predictive animal 
models: the forced swimming test (FST) and the tail suspen-
sion test (TST). In addition, we showed that these effects are 
dependent on the activation of the PI3K signaling pathway 
and its downstream target mammalian target of rapamycin 
(mTOR) (Bettio et al., 2012) (Figure 1).

Since stress is a major risk factor for depression and ex-
posure to stressful events may stimulate a cascade of events 
that leads to hippocampal oxidative damage and behavioral 
alterations, we next investigated whether the neuroprotective 
properties of guanosine are related to its ability to prevent 
some of the deleterious effects induced by stress (Bettio et 
al., 2014). We focused on the hippocampus, as this structure 
plays a crucial role in the pathophysiology of depression and 
is particularly vulnerable to the effects of stress (due to its 
high concentration of glucocorticoid receptors). As expect-
ed, exposure to acute restraint stress caused an imbalance in 
the intracellular redox state in the hippocampus, namely an 
increase in lipid peroxidation and alterations in the activity 
of endogenous antioxidant enzymes. Guanosine pre-treat-
ment was able to normalize the hippocampal redox status 
and increase the activity of the antioxidant enzymes super-
oxide dismutase (SOD) and catalase (CAT) (Figure 1). It is 
appealing to speculate that these effects are, at least partially, 
related to the activation of nuclear factor E2-related factor 2 
(Nrf2), a major mechanism of cellular defense against oxida-
tive stress that controls the expression of important endoge-
nous antioxidant enzymes such as SOD, CAT, and heme oxy-
genase-1 [HO-1; an enzyme that has also been implicated in 
the neuroprotective effects of guanosine (Bau et al., 2005)]. 
Future studies are thus warranted to investigate the potential 
role of Nrf-2 activation in the antioxidant response induced 
by guanosine. In addition, the evaluation of the protective 
effects of guanosine against stress-induced mitochondrial 
dysfunction is also warranted, since it is known that guano-
sine is able to protect these organelles by maintaining redox 
homeostasis and inducing HO-1 (Dal-Cim et al., 2012). 

Previous in vitro studies have also shown that guanosine 
can induce cell proliferation and neuronal differentiation, 
which may underlie its neurotrophic and regenerative prop-
erties in the CNS (Rathbone et al., 2008). Of note, regulation 
of proliferation, differentiation, and survival of neural stem 
cells is promoted by signaling events mediated by several 
neurotrophic factors, which are thus crucial for maintain-
ing and restoring tissue functionality during regenerative 
processes. The release of trophic factors in the hippocampus 
and the consequent stimulation of neurogenesis (i.e., the 
generation and functional integration of new neurons) and 
synaptogenesis (i.e., the formation of new functional synaps-
es) also appears to play a crucial role in the mechanisms trig-
gered by many antidepressants. In support of its pro-neu-
rogenic properties, guanosine has been shown to induce 

cell proliferation in the SVZ (Su et al., 2009). Furthermore, 
we have recently investigated whether this nucleoside can 
influence hippocampal neurogenesis (Bettio et al., 2016b), 
a form of plasticity thought to play a role in certain aspects 
of cognition (i.e., spatial learning and memory) as well as 
in mood regulation (and therefore antidepressant mecha-
nisms). Our findings demonstrated that chronic guanosine 
treatment results in an antidepressant-like effect that is posi-
tively correlated with an increase in the number of immature 
neuroblasts in the sub-granular zone (SGZ) of the ventral 
hippocampal dentate gyrus (DG) (Bettio et al., 2016b) (Fig-
ure 1). Of note, the hippocampus is a functionally heteroge-
neous structure that has distinct patterns of gene expression 
and anatomical connections along its dorsal/ventral axis. 
Thus, while the dorsal hippocampus participates in learning 
and spatial memory processes, the ventral hippocampus is 
thought to primarily regulate emotional and motivational 
behaviors. Therefore, our results raise the possibility that 
guanosine may distinctly influence these two hippocampal 
sub-regions by preferentially stimulate neuronal differen-
tiation in the ventral hippocampus, and thus resulting in 
changes in motivational but not cognitive (i.e., learning and 
memory) aspects of behavior. In agreement, chronic gua-
nosine treatment was shown to have neuroprotective effects 
in the hippocampus without causing alterations in the per-
formance of animals in the Morris water maze (a behavioral 
test commonly used to assess hippocampal-dependent spa-
tial learning and memory) (Ganzella et al., 2012). 

Despite these compelling findings, the elucidation of the 
mechanisms underlying the antidepressant-like properties of 
guanosine is still in its early stages and numerous questions 
remain to be addressed. For example, it is well-known that 
a reduction in hippocampal stem cell proliferation is impli-
cated in the pathophysiology of depression. Therefore, even 
though we did not observe alterations in hippocampal cell 
proliferation in naïve animals, it is possible that guanosine 
may indeed induce hippocampal cell proliferation in situ-
ations where this proliferative capacity is compromised (as 
seen with depression). Accordingly, current studies are un-
derway to determine whether different regimes of guanosine 
administration may indeed affect hippocampal cell prolifer-
ation. In addition, future investigations are warranted to un-
ravel the mechanisms underlying the guanosine-induced in-
crease in neuronal commitment that we specifically observed 
in the ventral DG (Bettio et al., 2016b). It is possible that the 
well-known anti-apoptotic effects of guanosine have con-
tributed to an increase in the survival of immature neurons 
in the ventral aspect of the hippocampal DG (Rathbone et 
al., 2008). In addition, since it is known that this nucleoside 
presents neuritogenic properties (Bau et al., 2005), a specific 
increase in neuronal commitment and differentiation (rather 
than solely stimulation of neuronal survival) is likely to un-
derlie these findings. In agreement, the guanosine-induced 
enhancement in neurite outgrowth was shown to be accom-
panied by an increase in the expression of various differenti-
ation markers (Bau et al., 2005). 

Another important point that deserves further attention is 
the influence that guanosine may have on synaptic plasticity 
in the hippocampus. Mounting evidence has suggested that 
compounds (such as ketamine) with the ability to induce 
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the rapid release of growth factors and consequent increase 
in synaptogenesis may act as fast-acting antidepressants 
(Abdallah et al., 2015). Within this scenario, we are currently 
investigating whether the ability of guanosine to alleviate 
depressive-like phenotypes in models of chronic stress is 
indeed associated with an increase in the levels of multiple 
growth factors. This study will also be important since to 
date we have only evaluated the antidepressant-like effect 
of guanosine in predictive animal models and therefore, by 
using animal models of chronic stress, it will be possible 
to evaluate other endophenotypes that may mimic human 
depression, such as alterations in food consumption, as well 
as anhedonic and anxiety-like behaviors. Additionally, con-
sidering that neuritogenesis and synaptogenesis are both 
critical processes of neuronal differentiation, maturation, 
and ultimately synaptic integration, it is likely that guano-
sine may increase synaptic transmission in key brain re-
gions, particularly the hippocampus and prefrontal cortex. 
Thus, investigating whether chronic guanosine treatment 
will affect the levels of specific synaptic proteins and the 
expression of various forms of synaptic plasticity (such 
as long-term potentiation and long-term depression) and 
determining the time-course of such changes will allow us 
to verify how fast this nucleoside may be able to reverse the 
chemical and functional alterations associated with depres-
sive-like phenotypes. 

Despite being a disorder with high prevalence and prom-
inent social impact, the current pharmacological therapy 
for major depression is associated with several side effects 
and a delayed onset of action. Taking into account that 
depression is associated with neuronal atrophy and cell 
death (particularly in the hippocampus), the well-known 
neuroprotective properties of guanosine and its ability to 
stimulate the release of several neurotrophic factors, make 
this nucleoside an interesting therapeutic candidate for the 
treatment of this mood disorder. We have provided evi-
dence that this nucleoside is able to modulate hippocampal 
processes, preventing the development of depressive-like 
phenotypes and exerting an antidepressant-like activity by 
mechanisms dependent on its neuroprotective and neu-
rotrophic properties. Future studies will further elucidate 
the role of this nucleoside as an endogenous regulator of 
hippocampal plasticity, as well as its efficacy in reversing 
the deleterious effects associated not only with depression 
but also with a broad spectrum of neurological conditions 
characterized by hippocampal dysfunction. 
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