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PHARMACOLOGICAL POTENTIATION OF BDNF SIGNALLING AS A POSSIBLE 
STRATEGY TO REDUCE ALCOHOL BRAIN DAMAGE
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BACKGROUND
Alcohol consumption during adolescence can lead to addiction and cognitive deficits associated with 
neurodegeneration. Neuroprotective factors have been shown to mitigate the harmful effects of drugs of abuse. 
In particular, brain-derived neurotrophic factor (BDNF) binds to the TrkB tyrosine kinase receptor, triggering 
receptor dimerization and autophosphorylation. This process activates multiple signaling pathways that promote 
neuroprotection, enhancing neuronal survival and modulating the addictive properties of alcohol1. The tyrosine 
phosphatases SHP-1 and SHP-2 interact with the TrkB receptor and negatively regulate BDNF signaling by 
inhibiting TrkB autophosphorylation and activation. Therefore, pharmacological inhibition of SHP-1 and SHP-2 
may potentiate the BDNF signaling cascade and amplify its neuroprotective effects. A rational drug design 
strategy led to the identification of FM45, a selective dual inhibitor with improved potency, favorable drug-like 
properties, and demonstrated blood–brain barrier penetration following oral administration in mice.

Figure 1. Schematic diagram of the activation of BNDF signaling 
pathways through the inhibition of SHP-1 and SHP-2 phosphatases.

Figure 2. Acute Ethanol Intoxication in adolescent mice2. Mice were 
administered with FM45 (100 mg/kg) or its vehicle by oral gavage 2 h 
before acute ethanol intoxication (5 g/kg, 42% v/v)3 or water (control) (n = 
5-6/group/sex). 

FM45: Small dual inhibitor of SHP-1 and SHP-2

Figure 4. Effects of FM45 on ethanol-induced effects on neural
progenitor cells in the adolescent hippocampus. Photomicrographs
show doublecortin (DCX)-immunostained hippocampal sections, with
quantification of the DCX immunoreactivity index (DCX+ IR area relative
to the total SGZ area) in the dentate gyrus (n = 5–6/group) . Scale bar =
200 µm.

Effects of SHP-1/SHP-2 inhibition with FM45 on 
hippocampal neurogenesis and 
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Figure 5. Effects of FM45 on microglia and astrocytes in the 
hippocampus of adolescent mice after acute ethanol intoxication. 
Representative images of hippocampal sections after 
immunofluorescence for (a) ionized calcium-binding adaptor molecule 
1 (Iba1), a microglial marker (n = 5–6/group) and (b) glial fibrillary 
acidic protein (GFAP), an astrocytic marker (n = 4/group, preliminary 
data). Graphs show the quantification of Iba1- and GFAP-positive cells 
in the dentate gyrus of the hippocampus. Data are depicted as mean ± 
S.E.M. * p < 0.05 for treatment differences. Scale bar = 100 µm.

*** p < 0.001
Treatment

Figure 6. Effect of FM45 in a 
model of binge-like ethanol 
drinking. Graphs show (a) ethanol 
intake (g/kg), (b) cumulative 
ethanol intake (g/kg), (c) total fluid 
consumption (mL/kg), and (d) 
water consumption (mL/kg) 
measured after 2 h (days 1–3) and 
4 h (day 4) during the DID 
protocol, considering the FM45 (or 
vehicle, VEH) administration on 
days 3 and 4. Data are depicted as 
mean ± S.E.M. *** p < 0.001; ** p 
< 0.01 for treatment differences 
from two-way repeated measures 
ANOVA. * p < 0.05 for treatment 
differences from two-way 
ANOVA in the day indicated.a

b
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Figure 7. Effect of FM45 on sucrose consumption. Graphs show (a) sucrose intake (mL/kg), (b) cumulative sucrose intake (mL/kg), and 
(c) total fluid consumption (mL/kg) measured after 2 h (days 1–3) and 4 h (day 4) during the DID protocol. The left panels show data
from both sexes combined, whereas the right panels show the data separated by sex. Data are depicted as mean ± S.E.M. *** p ≤ 0.001 
for treatment differences; &&& p ≤ 0.001; && p < 0.01 for sex differences from two-way repeated measures ANOVA. Significance from 
post hoc analysis is indicated in the group legends when applicable. * p < 0.05 for treatment differences from one-way ANOVA in the 
day indicated (right panel). 

CONCLUSION

Female

• Pretreating adolescent mice with FM45 prior to acute ethanol intoxication does not alter 
the status of neuronal progenitor cells in the hippocampal dentate gyrus.

• FM45 treatment significantly increases the number of GFAP+ cells in the hippocampus 
of male mice, without affecting the number of microglia in either sex.

• FM45 treatment reduces ethanol intake in a DID procedure for ethanol binge-drinking, in 
both male and female mice. This suggests that pharmacological inhibition of SHP-1 and 
SHP-2 phosphatases may be an effective strategy to reduce alcohol consumption.

• The data show important sex differences in the impact of FM45 on sucrose consumption, 
highlighting the need for additional research to better characterize the effect of this dual 
inhibitor of SHP-1 and SHP-2 on reward and consumption.

FemaleMale

FemaleMale

p = 0.065
Drinking
(Male)

*** p < 0.001 Treatment
&&& p = 0.001 Sex
p = 0.005 Sex x Treatment

Figure 3. Model of binge-like ethanol drinking: 
Drinking in the Dark (DID) procedure in 
adolescent mice4. Mice had access to ethanol 
and water for 2 h on days 1–3 and for 4 h on 
day 4. Vehicle (VEH) was administered on days 
1–2, whereas FM45 (100 mg/kg) or vehicle 
were administered by oral gavage 2 h before 
the drinking session on days 3–4 (n = 12-
15/group/sex). BEC: blood ethanol 
concentration.

Acute Ethanol Intoxication Binge-like ethanol drinking: Drinking in the Dark (DID)

0

40

80

120

160

N
um

be
r o

f I
ba

1+  c
el

ls

VEH-Water
VEH - EtOH
FM45 - Water
FM45 - EtOH

Male
Female

VEH VEHFM45 FM45

REFERENCES

RESULTS

MATERIALS AND METHODS


	PHARMACOLOGICAL POTENTIATION OF BDNF SIGNALLING AS A POSSIBLE STRATEGY TO REDUCE ALCOHOL BRAIN DAMAGE

