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Altered striatal regulation of the GluN2B subunit of N-methyl-D-aspartate (NMDA) glutamate receptors by the Fyn/Src family of
protein tyrosine kinases has been implicated in animal alcohol consumption. Previously, we have described differences between
individuals positive (FHP) and negative (FHN) for familial alcohol use disorder (AUD) in the ventral striatal (VS) activation associated
with monetary incentive delay task (MIDT) performance during functional magnetic resonance imaging (fMRI). Here, we used
AZD0530 (saracatinib), a centrally active Fyn/Src inhibitor to probe the role of Fyn/Src regulation of NMDA receptors (NMDAR) in VS
activation differences between FHP and FHN individuals during fMRI MIDT performance. We studied 21 FHN and 22 FHP individuals,
all without AUD. In two sessions, spaced 1 week apart, we administered 125 mg of saracatinib or placebo in a double-blind manner,
prior to measuring VS signal during fMRI MIDT performance. MIDT comprises reward prospect, anticipation, and outcome phases.
During the initial (prospect of reward) task phase, there was a significant group-by-condition interaction such that, relative to
placebo, saracatinib reduced VS BOLD signal in FHP and increased it in FHN individuals. This study provides the first human
evidence that elevated signaling in striatal protein kinase A-dependent pathways may contribute to familial AUD risk via amplifying
the neural response to the prospect of reward. As Fyn kinase is responsible for NMDAR upregulation, these data are consistent with
previous evidence for upregulated NMDAR function within reward circuitry in AUD risk. These findings also suggest a possible
therapeutic role for Src/Fyn kinase inhibitors in AUD risk.
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INTRODUCTION
Approximately half of the risk for alcohol use disorder (AUD) is
inherited [1, 2]. Individuals with a strong family history of AUD
(FHP), like those with AUD, tend to respond more to stimuli
signaling high levels of immediate reward, contributing to their
“sensation seeking” or “impulsivity” [3–7]. Also, while euphoric
effects of ethanol are intact or increased in high-risk groups,
negative alcohol effects that normally constrain heavy drinking
[8, 9] are reduced in healthy FHP individuals, increasing their AUD
risk [10]. Ethanol acts through many signaling mechanisms
including blockade of N-methyl-D-aspartate glutamate receptor
(NMDA-R). FHP individuals FHP for AUD, relative to FHNs, also
show enhanced euphoria and reduced dysophoric, cognitive, and
neural responses to a wide range of NMDA-R antagonists and
partial agonists including ketamine, memantine, and nitrous oxide
[11–15]. These studies have been interpreted as suggesting that
the familial risk for AUD is associated with with upregulation of
NMDA-R function, altering ethanol responses and perhaps other

circuit mechanisms contributing to AUD risk (Krystal et al. 2003;
Krystal et al. 2002) and that AUD might be treated by targeting
glutamate signaling [16]. However the cause of NMDA-R
upregulation associated with AUD risk is not yet clear.
The biology of the heritable risk for AUD is both complex and

poorly understood. It appears to involve plasticity within cortico-
striatal pathways, modulated by midbrain dopamine input [17–19].
The striatal indirect pathway, expressing dopamine D2 receptors
(D2Rs), serves a protective role in addiction, while the striatal direct
pathway, expressing dopamine D1 receptors (D1Rs) is implicated in
both reward and addiction [20]. D1Rs promote striatal plasticity by
activating protein kinase A (PKA) intracellular signaling pathways
with steps that converge upon the phosphorylation of Fyn kinase,
which phosphorylates GluN2B subunits and thereby promotes the
synaptic presence of glutamate receptors, promoting striatal
excitability and neuroplasticity [21–23]. In contast, activation of
D2Rs has the opposite effect. In animal models, activation of D2R
striatal signaling and the indirect pathway is protective against
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alcohol self-administration [24, 25]. In humans, higher levels of
striatal D2Rs also appear to be protective against drinking in social
drinkers [26], and individuals with AUD show reductions in striatal
D2Rs [27, 28]. Furthermore, preclinical studies suggest that
inhibitors of Fyn/Src kinases reduce alcohol reward and alcohol-
seeking in mice [29, 30], and Fyn kinase is upregulated after
repeated ethanol exposures, particularly in the dorso-medial
striatum [31]. These findings suggest that relative deficits in D2R
signaling relative to signaling via D1R, i.e., an imbalance of
signaling via the direct and indirect pathways, might contribute to
AUD risk in part via enhanced PKA signaling, activation of Fyn
kinase, synaptic upregulation of striatal GluN2B-containing NMDA-
Rs, and increased striatal activation and neuroplasticity associated
with reward processing.
The VS has been particularly implicated in reward processing with

FHP individuals, showing similar blunting of activation during reward
anticipation processing as seen in individuals with AUD and other
addictions [32–35]. The VS is important not only in connecting
motivation to action [36], but also as a site where both abstract/
learned rewards (such as money) and abused substances manifest
their rewarding effects [19, 37]. Furthermore, VS activation can be
assessed quantitatively in living volunteers using fMRI in studies
employing the Monetary Incentive Delay Task (MIDT). The original
task distinguished anticipatory and consummatory phases of reward
and loss processing [38, 39], while a modified version can be used to
evaluate the prospect of reward as well [32]. Our ability to separately
model prospect and anticipation phases permitted identification in
FHP of enhanced VS activation during the prospect phase of winning
and blunted activation during the anticipation and outcome of
winning phases [32].
To test the hypothesis that enhanced signaling via PKA-

dependent pathways might contribute to enhanced VS activation
during the prospect of reward in FHP, we compared the effects of
the Fyn/Src kinase inhibitor, saracatinib (AZD0530) [40], to placebo
during performance of the MIDT in family history negative (FHN)
and FHP individuals without AUD. We chose to focus exclusively
on VS activation during reward processing. We hypothesized that
the altered VS signals in FHP individuals during prospect (relatively
increased versus FHN) and anticipatory and outcome (relatively
decreased versus FHN) phases of reward processing during
performance of the MIDT would be replicated and normalized
by saracatinib administration. The resulting findings should
provide a better understanding of neural signaling mechanisms
in persons at high familial risk of AUD.

METHODS AND MATERIALS
Participants
From N= 79 initial volunteers, 51 subjects met study eligibility criteria and
were allocated to the intervention. Of these, 50 received both active drug
and placebo, and 43 had analyzable data following image inspection for
missing data, motion and artifacts. The latter consisted of 22 FHN subjects
(age 23.09 yr ± 4.2 yr; 54.3% female) and 21 FHP subjects (age 25.10 yr ±
5.0 yr; 85.7% female). Although our intial intent was to complete
80 subjects in the trial, based on estimated power, the study was stopped
when 51 subjects had been recruited into the study, due to expiration of
the 125mg study drug supply. Neither group contained subjects with past
or current alcohol dependence. The FHP group had multiple affected first-
degree relatives including at least 1 parent, and the FHN group had no
family history in any first- or second-degree relative. See Table 1 for
additional demographic information. Further study inclusion criteria
included age 18–45 years and estimated full-scale IQ > 85 estimated using
the WASI-II [41]. Participants were excluded for histories of brain trauma
sufficient to cause loss of consciousness for >10min, major medical
condition (e.g., cancer), Axis-1 psychiatric disorders (assessed via the SCID-
V-RV [42]), current pregnancy (by urine testing), positive urine drug or
breath alcohol test at time of MRI scan visits, and having non MRI-safe
metal implants or severe claustrophobia.
Subjects were recruited from 6/23/2015 to 4/26/2019 at the Olin Center,

Institute of Living, Hartford CT, from community advertisements placed by
the Institute of Living at Hartford Hospital and Yale University. Subjects
meeting inclusion criteria were entered consecutively into the study. All
participants signed informed consent approved by Hartford Hospital and
Yale University Institutional Review Boards.

Experiment
Each subject was administered either placebo or 125mg dose of
saracatinib on 2 different days, one week apart. The identical-appearing
doses were administered in a randomized, double-blind, counterbalanced
manner with assignment supervised by the hospital pharmacy, using
randomization tables. Doses were supplied by the pharmacy in
sequentially numbered packets for each subject. The research assistants
(AG, AD) were blind to drug placebo dosing; the study physician (GDP) and
image analyst (KTP) were blind to both subject FH status and to drug/
placebo allocation. Subjects were also blind to the drug they received. The
drug dose was chosen based on prior reports in human trials [43]. Side
effects likely due to the study medication were minimal and are reported
in Supplementary Table 1. The study was originally designed and funded
for two different saracatnib doses (50mg and 125mg) and placebo.
AstraZeneca subsequently discontinued the 50mg dose and recom-
mended that we test the 125mg dose exclusively. At the time this decision
was made, only 15 total subjects had received an additional 50 mg dose;
therefore, these lower-dose data were not analyzed. We only incuded the
125mg dose and placebo scans in the current analyses. The CONSORT

Table 1. Table illustrates 2 sample t test and chi-square test results for demographics and key psychological test score values.

FHN FHP T score P value

N 22 21 − −

Age (years) 23.09 yr ± 4.2 25.10 yr ± 5.0 −1.41 0.166

Female 54.5% 85.7% 4.949a 0.026

Ethnicity(Black/White/Other) 5/10/7 1/17/3 6.062a 0.048

Race(Hispanic/Not-hispanic) 6/16 0/21 6.656a 0.010

Years of education 14.91 ± 3.2 16.46 ± 2.6 −1.443 0.145

Smoking (have you ever smoked in your lifetime?) 27.3% 53.8% 2.472a 0.116

AUDIT total score (higher score=more alcohol use) 3.36 ± 3.1 3.0 −1.152 0.257

BIS11 (higher score= greater impulsivity) 55.05 ± 8.5 59.08 ± 10.4 −1.238 0.224

BIS score 19.40 ± 3.2 21.33 ± 4.6 −1.443 0.158

BIS drive score 11.27 ± 2.5 12.23 ± 1.6 −1.204 0.237

BAS fun score 11.51 ± 2.0 11.76 ± 2.4 −0.325 0.747

BAS reward responsiveness 17.18 ± 1.9 18 ± 1.3 −1.309 0.199

SIP total score (higher score= greater impairment) 0.80 ± 1.3 3.08 ± 3.5 −2.622 0.013
aChi-square test.
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flowchart (Supplementary Fig. S1) includes details of the full study design.
This study is registered on ClinicalTrial.gov (Title: “A Phase One Study
Investigating the Tolerability and Effects of AZD0530 on Functional
Neuroimaging Responses in Individuals With or Without a Family History
of Alcoholism”; Registration: NCT02262026; URL: https://clinicaltrials.gov/
ct2/show/NCT02262026).
FMRI data were acquired on a Siemens Skyra 3 T MRI scanner (Siemens,

Malvern PA). Functional MIDT data were acquired using a multiband
gradient-echo sequence (Axial, TR= 720ms, TE= 30ms, FOV= 240mm,
flip angle= 60°, acquisition matrix= 80 × 80, voxel size= 3mm3, number
of slices × 48, multi band factor = 8, iPAT = 1).

fMRI task
Prior to entering the scanner, ~5 h post drug administration, (a time
representing optimal trade-off between the drug’s median tmax range of
2–7 h and feasibility within the study day [40]), subjects practiced the MIDT
for 15min to ensure that they understood task instructions and to assess
individual reaction times (RTs). The in-scanner MIDT was adapted to each
individual subject’s RT to ensure winning/failing to lose on ~66% of trials.
Briefly, the task included three major phases: Prospect, Anticipation and
Outcome of reward and loss. Prospect phase: In a single 12-minute session,
each subject was shown 6 possible word cues (duration 1000msec)
indicating possible monetary rewards ($0, $1, $5) or losses ($0, $1, $5),
following which they prepared to respond with a button press on a box
cue that appeared on the display screen for a variable length (RT ± SD) of
time. Anticipation phase: participants were asked to press the button as
quickly as possible; if they did so within the individually pre-determined
time span, they won/did not lose money. If they did not press the button
sufficiently quickly, then they did not win/lost money. Outcome phase:
Finally, feedback on outcome was provided on the screen by notifying
whether the participant had won/did not win (receipt/non-receipt of
reward) or had not lost/lost (avoidance/receipt of loss) during each trial.
Cumulative winnings were displayed on the feedback screen. Participants
were paid one-third of their overall cumulative winnings to maximize
performance incentive, as detailed previously [32, 44]. See Supplementary
Fig. S2 for a flow chart of the MIDT design.
Subjects were also administered psychological and behavioral self-

report batteries, incuding the Alcohol Use Disorder Test (AUDIT) [45],
Fagerstrom Test for Nicotine Dependence (FTND) [46], Short Inventory of
Problems (SIP-2R) [47], Barratt Impulsivity Scale-11 (BIS11) [48] and
Behavioral Inhibition System/ Behavioral Acivation System Scale (BIS-BAS)
[49]. Of subjects who were included in the study, 8 had missing data from
one or more of the above-mentioned psychological test batteries. See
Table 1 for group statistics.

Analysis
Our analyses included only subjects with complete data for both placebo
and active (125mg) drug scans. Six subjects were excluded from analyses
due to missing MIDT behavioral data (N= 2), in-scanner motion greater
than 1.5 voxel (N= 2), technically compromised scan quality (N= 1),
different scan TR (N= 1) or pre-visit screening compliance issues (N= 1).
Some subjects had >1 disqualifier. We assessed fMRI BOLD response
during reward/loss processing phases. MIDT data were pre-processed
using Statistical Parametric Mapping (SPM v12) software (https://www.fil.
ion.ucl.ac.uk/spm/software/spm12/). fMRI data were realigned and normal-
ized to the SPM default tissue probability map image (TPM.nii). Data were
smoothed using a Gaussian smoothing kernel of 8 mm full-width half-
maximum in SPM 12. The MIDT was modeled using SPM12 for reward and
loss phases including $0, $1, $5 trials. Based on our previous findings in
FHP [32], we investigated VS activity during reward phases. Subjects were
evaluated for number of trials per phase to eliminate noise due to very few
trials. All subjects had >4 trials for all three reward phases.
We created an in-house left and right binary VS mask as previously

reported [44]. This region is largely identical to VS definitions from other
atlases (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases). We used the MarsBaR
[50] region of interest tool in SPM12 to extract raw mean values for these
pre-selected left and right VS ROIs for reward-phase-related task contrasts
including (1) Prospect of Win$1 and Win$5 vs. implicit baseline, (2)
Anticipation of Win$1 and Win$5 vs. implicit baseline, and (3) Outcome of
Win$1 and Win$5 vs. implicit baseline. Extracted mean values were then
imported and analyzed in the R software lmer4 package [51] using a linear
mixed model fit with restricted maximum likelihood (ReML), including
group (FHN/FHP) and drug conditions (Placebo/125mg Saracatinib dose)
as fixed effects and subjects as random effects. We included group and

condition main effects as well as group x condition interaction effects in a
mixed model linear regression. We ensured that our sample followed
normal distribution patterns using Q-Q plot (Supplementary Fig. S3) and
density plot (Supplementary Fig. S4) using the ggplot2 [52] package in R.
We used False Discovery Rate (FDR) correction for multiple comparisons
and corrected for for 18 tests conducted using p.adjust function in R. We
also adjusted for gender effects in the analysis as the groups were
unbalanced. We calculated the likelihood ratio using the ANOVA function
in R to compare models and to determine whether models were
significantly different. To calculate likelihood ratios, we compared
regression models a. with and without interation term b with and without
group main effect and c with and without condition main effect while
keeping remaining terms constant in each test.

RESULTS
Uncorrected activation maps for Prospect, Anticipation and
Outcome of Win trials are illustrated in Supplementary Fig. S5.
None of the analyses results were significantly different when
adjusted for gender due to unbalanced male/female ratio in
groups. We report results that not gender adjusted and are p <
0.05 FDR-corrected

Prospect of win

a Right VS: There were no significant group main effects
(Table 2). We found significant condition main effects (t
value=−2.843; Puncorrected= 0.007; PFDR= 0.042) and Group-
xCondition interation effects (t value = 2.885, Puncorrected=
0.006 PFDR= 0.042; Table 2) (Table 3; Fig. 1). For interaction
effects, the likelihood ratio was significant (Pr | ChiSq |=
0.0037). The likelihood of the model without an interaction
term (LogLik=−229.92) was a poorer fit compared to the
model with an interaction term (LogLik=−225.70). We also
detected a relatively large effect size (Cohen’s d= 0.90,
Table 2) for the interaction model during this phase. During
the Prospect Of Win phase, FHP individuals showed
significantly more right VS BOLD activation than FHN
individuals following placebo administration (Fig. 2). With
active drug administration, right VS BOLD signal decreased
in FHP and increased in FHN individuals. Detailed statistics
of the interaction model fit are described in Table 3.

b Left VS: There were no significant group or condition main
effects. GroupxCondition interaction effects were only
significant at uncorrected p values (Table 2).

Anticipation of Win
Right and Left VS: There were no significant group or condition
main effects or GroupxCondition interaction effects.

Outcome of Win

a Right VS: Group main effect was not significant during Outcome
Of Win. We found a condition main effect (t value=−2.927; p
uncorrected = 0.005; p FDR= 0.042). A GroupxCondition
interaction was significant only at uncorrected levels (Table 2).

b Left VS: There were no significant group or condition main
effects or GroupxCondition interaction effects.

DISCUSSION
The principal finding of this study was an interactive impact of
family history and saracatinib on ventral striatum activation
associated with the prospect of reward, but not the anticipation
of a delayed and uncertain reward or the receipt of the reward
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phases of MIDT. This interactive effect reflected, under the placebo
condition, a replication of the increased VS activation during the
prospect of reward phase in FHP relative to FHN reported by
Andrews et al. [32]. Also, saracatinib reduced VS activation in FHP
but increased it in FHN. These findings were most robust in the
right VS, and no significant group differences or interactions were
observed for the Anticipation of Win and Outcome of Win phases.
One might say that saractinib “normalized” the FHP response in
that it returned it to a level similar to the FHN, but it may have
“pathologized” the FHN response. These data suggest that there
may be an optimal level of signaling via Fyn/Src and that
hyperactivity, as seen in FHP, and deficits, as seen in FHN
administered saractinib, augment VS activity during the prospect
of reward, biasing individuals toward impulsive reward-related
decision making (Andrews et al. 2011). In other words, there may

be an “inverted U curve” describing the relationship between Fyn
kinase activation and VS activation when processing cues
associated with the prospect of reward.
This study provides the first human evidence that accentuated

signaling via Fyn/Src kinase may contribute to the familial risk for
AUD by enhancing activation of reward circuitry. As Fyn/Src are
downstream from PKA in ventral striatal signaling pathways, it is
tempting to place the current findings within the context of the
drivers of PKA activity in the striatum. In particular, the possibility
that increased signaling via Fyn/Src in FHP is a consequence of an
alteration in the balance between D1R signaling in the direct
pathway relative to D2R signaling in the indirect pathway. Both
accentuation of D1R signaling and deficits in D2R signaling could
explain the current findings. As noted earlier, higher D2R levels
were found to be protective against drinking (Thanos et al,. 2008),
leading one to hypothesize reductions in D2R in FHP. This might
be consistent with increased DNA methylation of the DRD2 gene
in white blood cells from FHP [53]. However, reductions in D2R/
D3R were not found in FHP relative to FHN [54] under resting
conditions. This finding does not rule out state-dependent
dopaminergic alterations in FHP. In fact, in FHP, increased
dopamine release has been observed in association with
anticipation of alcohol or exposure to alcohol cues [55, 56]. If
this were the case, it would suggest that the dopaminergic
dysregulation originates from another primary risk mechanism.
The current findings also converge with studies reviewed earlier

suggesting that upregulation of NMDA-Rs constitute an AUD risk
mechanism. One possible interpretation of the current findings

Table 2. Table illustrates main effects of Group (family history positive, family history negative) and Condition (drug: saracatnib/placebo) as well as
interaction of Group x Condition for right and left ventral striatum during MID prospect, anticipation and outcome of win conditions.

Estimate Std.error df t value Pr(>| t | ) P FDR Cohen’s d

Right Ventral Striatum

Prospect of win

Group −1.867 1.056 77.640 −1.767 0.081 0.208 −0.40

Condition −2.593 0.912 41.00 −2.843 0.007 0.042 −0.89

Group x Condition 3.765 1.305 41.00 2.885 0.006 0.042 0.90

Anticipation of win

Group 0.42 1.21 69.71 0.35 0.73 0.821 0.08

Condition −1.61 0.91 41.00 −1.77 0.08 0.208 −0.55

Group x Condition 2.09 1.30 41.00 1.60 0.12 0.232 0.50

Outcome of win

Group −1.725 1.081 79.828 −1.596 0.114 0.232 −0.36

Condition −2.859 0.9768 41.000 −2.927 0.005 0.042 −0.91

Group x Condition 3.492 1.397 41.000 2.499 0.016 0.068 0.78

Left ventral striatum

Prospect of win

Group −1.471 0.959 75.743 −1.534 0.129 0.232 −0.35

Condition −1.089 0.800 41.000 −1.362 0.180 0.294 −0.43

Group x Condition 2.797 1.145 41.00 2.443 0.019 0.068 0.76

Anticipation of win

Group 0.206 1.253 67.557 0.164 0.869 0.920 0.04

Condition −0.031 0.909 41.000 −0.035 0.972 0.972 −0.01

Group x Condition 1.211 1.299 41.000 0.932 0.356 0.492 0.29

Outcome of win

Group −1.106 1.102 81.148 −1.004 0.319 0.478 −0.22

Condition −0.741 1.032 41.000 −0.718 0.477 0.595 −0.22

Group x Condition 1.015 1.476 41.000 0.687 0.496 0.595 0.21

df degrees of freedom, Pr probability.

Table 3. Interaction model fit for Prospect of Win phase of the
Monetary Incentive Delay task.

Group Condition Fit SE Lower CI Upper CI

FHN Drug 3.06 0.74 1.59 4.53

FHP Drug 1.20 0.76 −0.31 2.70

FHN Placebo 0.47 0.74 −1.00 1.94

FHP Placebo 2.37 0.76 0.87 3.87

SE standard error, CI confidence interval, FHN family history negative, FHP
family history positive.
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would be that upregulation of ventral striatal GluN2B receptors in
the synapse in FHP, perhaps as a consequence of enhanced PKA-
Fyn activation, was ameliorated by Fyn kinase inhibition, which
would be expected to downregulate NMDA-Rs without blocking
them. This hypothesis might be consistent with the evidence of
NMDA-R upregulation in FHP (Petrakis et al. 2004; Krystal et al.
2003) and the reductions in alcohol craving produced by
memantine in heavy drinking FHP [57] and AUD [58]. However,
this study also found evidence of increased VS activation in FHN
and this might be expected to increase impulsive decision making
and to undermine anti-drinking effects of memantine, as has been

reported previously in both a laboratory study (Krishnan-Sarin)
and a clinical trial [59].
There are strengths and weaknesses to the current study.

Saracatinib inhibits Src as well as Fyn, so that the mechanism of
the drug’s primary mode of action on NMDA-R that we are
hypothesizing may not be entirely specific. We selected FHP
individuals without AUD to avoid confounding alcohol effects with
risk, but acknowledge that by doing so we may have selected a
group that was at lower alcoholism risk than those FHP individuals
who have already gone on to develop AUD. Also, individuals with
chronic AUD may differ from those at risk without that status, and
the current results may or may not generalize to them.
Randomization of the study was executed successfully, as subjects
could not identify accurately whether they had received drug or
placebo when queried following drug admistration. This study was
orginally designed for two doses of saracatnib, but we needed to
stop administering the smaller dose early in the study, precluding
analysis of its effects. Thus, we did not compare multiple doses of
saracatnib, as intended. We also adopted an acute challenge study
using a single drug dose administration rather than building up to
steady state with repeated dosing. This latter approach would
have required a longer, more complex study with likely increased
cost, subject burden and dropout. Future studies should examine
other doses and durations. Researchers should also attempt to
replicate our findings in a larger dataset and in treatment-seeking
AUD individuals before clinical application, including in a 2 × 2
design (FHP with and without AUD and FHN with and without
AUD). While a strength of our approach was to focus on the VS in a
hypothesis-driven manner, we may have missed other regional
brain activation differences. A Go/No-Go fMRI paradigm was
administered to all subjects immediately after the MIDT; results
from that portion of the study will be reported separately
elsewhere.
Given saracatinib’s functional effects on the VS, it might seem

reasonable to test it as a possible therapeutic agent in individuals
with AUD, although brain effects do not necessarily equate to
behavioral alterations. In that regard, although various behavioral
measures such as impulsivity assessments were quantified out of

Fig. 2 Group by dose interaction for ventral striatum activity during MIDT. Figure illustrates group (FHN/FHP) x dose (saracatinib 125mg/
Placebo) interaction during the MIDT prospect of winning phase (Prospect of Win) in the right VS (ventral striatum). FHN Family history
negative, FHP Family history positive, MIDT Monetary Incentive Delay Task.

Fig. 1 Boxplot for MIDT ventral striatum activity in FHN and FHP
groups during drug and placebo conditions. Illustrates boxplot of
right VS (ventral striatum) activity during prospect of winning
(Prospect of Win) phase during performance of the monetary
incentive delay task for each group (FHN= family history negative;
FHP= family history positive) and each drug condition (saracatinib/
placebo) with mean and standard deviation.
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scanner at the baseline visit, prior to important for administration
of drug/placebo, these assessments were not repeated at
subsequent drug/placebo challenge visits to measure whether
there were altered by the study drug. This is a limitation of the
study that should be addressed in future attempts at replication
and extension of the current data. Another future direction might
be to examine the MIDT findings in younger FHN and FHP
individuals (e.g., in the ABCD cohort, which is using the MIDT). An
earlier report using a MIDT version that did not separate the
Prospect and Anticipation phases [60] found diminished VS
response to anticipated rewards and punishments in at-risk
adolescents. However, young individuals and adolescents in
general show diminished VS responses to rewards on the
MIDT [61]. Another limitation of the study is that ethnicity, race
and SIP total scores differed significantly between FHN and FHP
groups.
To summarize, we replicate in a new sample the prior finding of

increased VS activation during the MIDT Prospect of Win phase in
FHP compared to FHN healthy subjects, and show that the Src/Fyn
kinase inhibitor, saracatinib, a non-selective regulator of NMDA-R,
attenuates this VS over-activation in FHP, eliminating the group VS
activation difference between FHP and FHN individuals, albeit also
altering FHN response in addition. This study provides an initial
test of the hypothesis that upregulation of NMDA-R function
associated with FHP may be dependent on signaling mechanisms
downstream from dopamine actions at dopamine receptors, (i.e.,
PKA pathway signaling proteins STEP and Fyn). Although Src/Fyn
inhibitors reduce alcohol reward and alcohol-seeking in mice
[29, 30], these data may not necessarily translate into equivalent
human behaviors. Nonetheless, the current findings suggest
possible novel therapeutic approaches to target reward/motiva-
tion disturbances that contribute to AUD risk.
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