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ABSTRACT 

The effects of acute alcohol exposure to the central nervous system are hypothesized to 

involve the innate immune system. The neuroimmune response to an initial and acute 

alcohol exposure was investigated using Translocator Protein 18 kDa (TSPO) PET imaging, 

a non-invasive marker of glial activation, in adolescent baboons. Three different alcohol-

naive adolescent baboons (3-4 years old, 9 to 14 kg) underwent 18F-DPA-714 PET 

experiments before, during and 7-12 months after this initial alcohol exposure (0.7-1.0 g/L). 

The brain distribution of 18F-DPA-714 (VT; in mL.cm-3) was estimated in several brain regions 

using the Logan Plot analysis and the metabolite-corrected arterial input function. Compared 

to alcohol-naive animals (VT brain = 3.7 ± 0.7 mL.cm-3), the regional VTs of 18F-DPA-714 were 

significantly increased during alcohol exposure (VT brain = 7.2 ± 0.4 mL.cm-3
; p<0.001). 

Regional VTs estimated several months after alcohol exposure (VT brain = 5.7 ± 1.4 mL.cm-3) 

were lower (p<0.001) than those measured during alcohol exposure, but remained 

significantly higher (p<0.001) than in alcohol-naive animals. The acute and long-term effects 

of ethanol exposure were observed globally across all brain regions. Acute alcohol exposure 

increased the binding of 18F-DPA-714 to the brain in a nonhuman primate model of alcohol 

exposure that reflects the “binge drinking” situation in adolescent individuals. The effect 

persisted for several months, suggesting a “priming” of glial cell function after initial alcohol 

exposure.  

 

Keywords: Binge Drinking, Ethanol, Neuroinflammation, Neuroimmunity, Non-human 

primate, Positron Emission Tomography.  
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INTRODUCTION 

A wealth of research has addressed the effects of both acute and chronic alcohol 

consumption on the central nervous system (CNS) (Lovinger & Crabbe 2005). In this 

representative field of translational research, imaging techniques have been useful to non-

invasively study the impact of ethanol exposure to the brain (Bühler & Mann 2011). The 

immediate effects of acute alcohol are mainly attributed to its rapid and direct action on ion 

channels, especially the gamma-aminobutyric acid alpha (GABAA) system (Trudell et al. 

2014). The long-term alcohol-induced brain disorders have been mainly related to alterations 

of neurotransmission as well as neuronal function and plasticity (Bühler & Mann 2011). Most 

clinical studies have focused on chronic alcoholism rather than intermittent ethanol exposure 

that reflects the “binge drinking” practice. Binge drinking is commonly defined as drinking 4-5 

drinks in a single session or drinking resulting in a blood alcohol concentration > 0.8 g/L 

(Fillmore & Jude 2011). This practice is popular and highly prevalent in teenagers but its 

impact on the CNS is not fully understood yet (Pedersen & von Soest 2015). Many studies 

suggest that adolescent binge drinking leads to long-lasting changes in the adult brain which 

may increase the prevalence of psychopathology in adults, including alcohol dependence 

(Crews et al. 2016; Morris et al. 2017). 

It is now widely known that interaction of ethanol itself and/or its metabolites with the immune 

system may also play a pivotal role on the effects of alcohol on the CNS (Alfonso-Loeches et 

al. 2010). In the brain, the hallmark of neuroimmune responsiveness is the activation of glial 

cells (Jacobs et al. 2012). It was reported that chronic alcohol exposure promotes glial 

activation via microglia and astrocytes that release free radicals (Haorah et al. 2008), 

cytokines and inflammatory mediators (Vetreno & Crews 2014; Pascual et al. 2016). It is also 

admitted that  neuroimmune signaling is a key component of alcohol abuse (Mayfield et al. 

2013) and neurotoxicity (Haorah et al. 2008), especially in the developing brain (Saito et al. 

2016). Preclinical experiments, mainly performed in rodents, have clearly shown that alcohol-

induced alterations in glial cell functions dramatically affect neuronal development, survival 
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and function and ultimately impair the development of the proper brain architecture and 

connectivity (Guizzetti et al. 2014). Moreover, several behavioral and genetic studies suggest 

a role for innate immunity in alcohol abuse, addictive behavior and neurotoxicity in both 

animals and humans (Mayfield et al. 2013). Interestingly, it was shown that attenuation of 

microglial and interleukin-1 (IL-1) signaling protects mice from alcohol-induced sedation 

and/or motor impairment (Wu et al. 2011). Moreover, modulation of glial function using 

ibudilast was shown to reduce alcohol consumption in rodent models of alcohol exposure 

and dependence (Bell et al. 2015). This suggests that neuroimmunity may play a role in 

alcohol drinking behavior and reward (Blednov et al. 2012; Montesinos et al. 2016). 

Positron emission tomography (PET) imaging using radiolabeled ligands of the translocator 

protein-18 kDa (TSPO) is the most advanced approach allowing for the non-invasive 

investigation of glial activation. Baseline TSPO expression in the brain under physiological 

conditions is low and contrasts with measurable TSPO overexpression detected during glial 

activation related to neuroinflammatory diseases (Vivash & O’Brien 2016). Several TSPO 

radioligands, including 18F-DPA-714, have reached the clinical status and are currently used 

to investigate the neuroimmune component of various patho-physiological states of the CNS 

in human (Lavisse et al. 2015; Hamelin et al. 2016). Moreover, this methodology allows for 

longitudinal studies in highly relevant species, including nonhuman primates, to study the 

kinetics of glial activation during neuroinflammatory states (Lavisse et al. 2014) or the 

neuroimmune response to drug exposure (Saba et al. 2015; Auvity et al. 2016).  

For the present study, a nonhuman primate model of controlled alcohol exposure that mimics 

the binge drinking situation was developed. 18F-DPA-714 PET imaging was performed to 

investigate the immediate and long-term effects of initial ethanol exposure on glial cell activity 

in alcohol-naive adolescent baboons.  
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MATERIAL AND METHODS 

Animals and ethical approval 

A total of 6 adolescent (3-4 years-old; 9-15 kg) and 3 adult (9-10 years-old; 25-30 kg) Papio 

Anubis male baboons, obtained from Celphedia (Rousset-sur-Arc, France), were used for 

this study. Animal use procedures were in strict accordance with the recommendations of the 

European Community (86/609/CEE) and the French National Committee (Décret 87/848) for 

the care and use of laboratory animals. All procedures performed in studies were in 

accordance with the ethical standards of the institution or practice at which the study were 

conducted. The experimental protocol was evaluated by a local ethic committee (CETA 

Reference n° 14_004). Two adolescent animals were used to set-up and evaluate the 

tolerance of the ethanol infusion protocol and prepare the 18F-DPA-714 PET study (set-up 

group). Four dedicated and alcohol-naive adolescent animals were included in the 

longitudinal imaging study. The impact of alcohol exposure on 18F-DPA-714 binding to 

plasma proteins was assessed in 3 adult baboons.  

Drugs, chemicals and radiochemicals 

Solutions of unlabeled racemic PK-11195 (gift from Sanofi, France) were prepared by 

dissolving 2–3 mg of the compound in DMSO (0.2 mL), followed by dilution with PEG 400 (1 

mL) and NaCl 0.9% (2 mL). Ethanol for i.v injection was obtained from Cooper (Melun, 

France). 

DPA-714 was labeled with fluorine-18 (half-life, 109.8 min) at its 2-fluoroethylmoiety using a 

tosyloxy-for-fluorine nucleophilic aliphatic substitution, according to procedures already 

reported, and using a commercially available GE TRACERLab FX-FN synthesizer (GE 

Medicam Systems, Buc, France) (Kuhnast et al. 2012). Typically, ~10 GBq 18F-DPA-714 

were routinely obtained within 60 min, including HPLC purification and formulation. Ready-to-

inject, >99% radiochemically pure 18F-DPA-714 (formulated in physiological saline containing 
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less than 10% of ethanol) was obtained with 15-20% non-decay-corrected yields and specific 

radioactivities at the end of the radiosynthesis ranging from 37 to 148 GBq/μmol. 

Ethanol exposure protocol 

A model of controlled ethanol exposure was developed in 2 healthy male baboons (4 years-

old; 14-15 kg). Based on clinical protocols of ethanol infusion (Ekins et al. 1985), different 

ethanol doses and infusion rates were tested in order to maintain a controlled blood ethanol 

concentration (< 1 g/L). Ethanol for i.v injection was diluted at 20% (v/v) in NaCl 0.9%. 

Animals were injected a bolus (0.6 g/kg in 10 min) followed by ethanol infusion (0.1 g/kg/h) 

using an electrical syringe pump.  

During PET experiments, ethanol concentration in plasma was measured during ethanol 

infusion at 30, 60 90, 120 and 180 min. Ethanol determination was performed using gas 

chromatography as previously described (Kristoffersen et al. 2006). The system consisted in 

a head-space gas chromatograph (GC Clarus 580, Perkin Elmer, Villebon-sur-Yvette, 

France) equipped with a headspace sampler TurboMatrix 40 (T°C needle: 120 °C; T°C 

transfer: 180 °C; T°C oven: 80 °C, Perkin Elmer) and a flame ionization detector (250°C, air 

flow rate: 450 mL.min-1; hydrogen flow rate: 45 mL.min-1). The temperature of the capillary 

column CP-select 624 (30 m x 0.53 mm, 3 m, Varian, Buc, France) was maintained at 40°C 

during 5 min. Briefly, 100 µL of plasma was added with 1 mL of aqueous isopropanol solution 

(80 mg.L-1). The preparation was then immediately placed in the headspace sampler. 

Imaging study 

Study design  

Four alcohol-naive baboons (3-4 year old, 9 to 14 kg) were included in the longitudinal PET 

study. Three animals underwent 3 subsequent 18F-DPA-714 PET experiments. The first 

experiment was performed prior to any exposure to alcohol (baseline). After 2 to 4 months, a 

second PET experiment was performed during ethanol exposure to address the acute effects 
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of alcohol (acute): 18F-DPA-714 was injected 30 min after the start of alcohol infusion, at the 

plateau of ethanol blood concentrations. Several months (7-12 months) after this initial 

alcohol exposure, each animal underwent a third 18F-DPA-714 PET scan to assess its long-

term impact (long-term). An additional alcohol-naïve animal was used to assess the impact of 

repeated imaging procedures, including repeated anesthesia, on 18F-DPA-714 binding to the 

brain. This “control” animal underwent a first 18F-DPA-714 PET scan followed by two 

subsequent scans performed 4 and 14 months after, respectively, in the absence of any 

alcohol exposure.  

Animal preparation  

PET experiments were performed as previously described (Saba et al. 2015). One hour 

before PET acquisition, animals received ketamine (10 mg/kg i.m) to induce anesthesia and 

prepare the PET experiment. After being intubated, a catheter was inserted in a sural vein for 

tracer and unlabeled PK-11195 administration. Another sural vein catheter was dedicated to 

propofol infusion. A femoral artery catheter was inserted for blood sampling dedicated to 

input function and ethanol concentration measurement. A femoral vein was dedicated to 

ethanol infusion. After being positioned in the PET scanner, animals were maintained 

anesthetized with i.v bolus of propofol (2 mL) followed by a 16 to 22 mL.h-1 i.v infusion under 

oxygen ventilation. The tidal volume was adjusted to achieve stable end-tidal carbon dioxide 

tension between 38 and 42 mmHg. Heart rate and rectal temperature were monitored 

throughout the experiment. 

MR and 18F-DPA-714 PET imaging  

First, each animal underwent a 3D T1-weighted brain MR scan (Achieva 1.5 T, Philips, 

Amsterdam, The Netherlands). Then, 18F-DPA-714 brain kinetics were assessed using a 

HR+ Exact positron tomograph (Siemens Healthcare, Knoxville, TN). The head of the 

baboon was positioned in the tomograph using a custom-designed stereotaxic head holder. 

Head transmission scans were acquired for 10 min using three retractable germanium-68 rod 
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sources. Animals were i.v. injected with 18F-DPA-714 (188 ± 61 MBq). Dynamic PET data 

were acquired over the brain in 3-dimensional mode with the animal supine. Measured 

attenuation and scatter corrections were applied to the emission data. Data were 

reconstructed using the reprojection algorithm with an axial and transaxial Hanning filter that 

had a 0.5 cutoff frequency. The resulting images had a spatial resolution of approximately 5–

7 mm in full width at half maximum.  

Displacement experiments 

PET experiments performed during ethanol exposure (acute group) were prolonged by 

displacement procedure to address the specificity of 18F-DPA-714 binding to the brain in this 

situation: after 55 min acquisition, animals were injected i.v with PK-11195 (1.5 mg/kg) and 

PET acquisition was continued for 60 min. An additional animal of the set-up group 

underwent a 115 min 18F-DPA-714 PET scan without displacement during initial ethanol 

exposure to serve as reference animal. 

Metabolite-corrected arterial input function 

During the PET scan, blood samples (200 µL) were collected at selected times from the 

femoral artery to establish total radioactivity kinetics in arterial plasma. Samples were 

centrifuged (3 min, 2054 g, 4°C) and radioactivity in cell-free plasma (100µL) was counted. 

Additional samples (500µL) were withdrawn to determine the fraction of parent 18F-DPA-714 

in plasma using a validated solid phase extraction method (Peyronneau et al. 2013). The 

fraction of parent 18F-DPA-714 versus time was fitted using a 2-exponential decay equation 

and applied to the total radioactivity kinetics to estimate the metabolite-corrected arterial 

input function of 18F-DPA-714. For each animal, unmetabolized parent 18F-DPA-714 in 

plasma was expressed as standardized uptake value (SUV = (radioactivity per mL 

plasma/injected radioactivity) x body weight) versus time.  

PET data analysis 
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The regions of interests (ROIs) were drawn on MR images. ROIs were then applied to co-

registered dynamic PET images. Regional time activity curves (TACs) were generated by 

calculating the mean radioactivity in selected brain regions, including the caudate nucleus, 

cerebellum, frontal cortex, hippocampus, occipital cortex, putamen, temporal cortex, 

thalamus, white matter and whole-brain. PET kinetics in each region were corrected for 

fluorine-18 decay, injected radioactivity and animal weight and expressed in SUV versus 

time. In order to compare the brain kinetics of 18F-DPA-714 obtained in the 3 different 

conditions, the distribution volume (VT; mL.cm-3) was then estimated for each region using 

the Logan graphical method, considering the brain TACs from 0 to 50 min (prior to the 

displacement performed in the acute group) and the corresponding metabolite-corrected 

arterial input function (PMOD® software version 3.6, Zurich, Switzerland).  

During acute alcohol exposure, 18F-DPA-714 specific (reversible) binding was confirmed 

using displacement experiments. The extent of displacement was calculated as the 

percentage decrease in regional SUV measured before (50 min) and after (75 min) 

displacement using PK-11195. Data were compared to those obtained in a reference 

experiment (115 min scan without displacement) obtained using an animal of the set-up 

group. 

Impact of alcohol exposure on 18F-DPA-714 binding to plasma proteins 

The infusion protocol was administered to 3 other adult baboons to address the impact of 

ethanol exposure on 18F-DPA-714 binding to plasma proteins in parallel conditions. Arterial 

plasma samples were withdrawn before and after 30 min infusion of ethanol. The 18F-DPA-

714 fraction that is not bound to baboon plasma proteins was measured as previously 

described (Tournier et al. 2012). Standard amounts of 18F-DPA-714 solution (~50 kBq) were 

added to 200 µL plasma samples. These solutions were applied to Microcon® filtration 

devices containing an YM-10 membrane (Millipore, France). Ultrafiltration was performed by 

centrifugation for 20 min at 10,000 g. The resulting ultrafiltrate (~100 µL, CFP) and a sample 
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of plasma (CP) were counted to determine their 18F activities. The free fraction (fP) of 18F-

DPA-714 was calculated as: fP=CFP/CP. 

Statistical analysis 

Results are given as mean ± standard deviation (SD). PET data were compared using a 2-

way unpaired ANOVA with “condition” (baseline, acute, long-term) and “brain region” as 

factors, followed by Tukey’s post-hoc test (R software, version 3.1; https://www.r-

project.org/). Level of statistical significance was set to p<0.05. 
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RESULTS 

Figure 1 shows the plasma kinetics of ethanol measured during PET experiments. 

Immediately before 18F-DPA-714 injection, after 30 min infusion, ethanol concentration in 

plasma ranged from 0.7 to 1 g.L-1. Ethanol exposure remained constant and was ~0.8 g.L-1 at 

the end of PET experiments. The infusion was well tolerated and we did not notice any 

increase in the time for the baboons to wake up and to eat their meal.  

Figure 2 displays the PET images obtained in the same baboon before, during and 7 months 

after alcohol exposure. In alcohol-naive animals (baseline), 18F-DPA-714 brain radioactivity 

peaked rapidly (Tmax ~2 min), followed by a fast decrease of the brain radioactivity (SUV50 min 

= 0.5 ± 0.1) (Fig. 3). Ethanol infusion (acute) resulted in a delayed Tmax (~ 6 min) and a 

slower clearance of the tracer from the brain. This resulted in a higher uptake of 18F-DPA-714 

in all tested brain regions (SUV50 min = 1.1 ± 0.1).  

Displacement with PK-11195 resulted in a fast washout of the brain radioactivity, showing the 

reversible and specific binding of 18F-DPA-714 to TSPO (Fig. 4). This result suggests that the 

increase in 18F-DPA-714 uptake during ethanol infusion reflects a higher specific binding 

rather than the impact of alcohol on cerebral blood flow (Strang et al. 2015). The extent of 

displacement was similar across brain regions and ranged from 21% to 33% (Table 1). For 

comparison, washout of the radioactivity after displacement was 1.6 to 4.2-fold higher than in 

the reference animal (alcohol exposure without displacement) (Fig. 4, Table 1). 

Interestingly, 18F-DPA-714 brain kinetics measured several months after initial alcohol 

exposure, in the absence of ethanol infusion, remained higher than baseline, with Tmax ~6 

min and SUV50 min = 1.0 ± 0.3 (Fig. 3).  

The plasma metabolism of 18F-DPA-714 as well as the plasma kinetics of parent 18F-DPA-

714 did not differ between the tested groups (Fig. 3). Kinetic modelling, using the metabolite-

corrected input function of 18F-DPA-714 in each experiment, demonstrated a significant 

increase (p<0.001) in VT during alcohol infusion when compared to the baseline condition. 
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The regional increase ranged from 58 to 138% but differences between brain regions could 

not be analyzed because of the small number of animals (Fig. 5). As a comparison, second 

anesthesia performed in the “control” animal in the absence of alcohol exposure did not 

increase 18F-DPA-714 binding to the brain (Fig. 5).  

Dedicated experiments performed in 3 other animals showed negligible difference between 

18F-DPA-714 binding to plasma proteins before (fP = 13.1%, 15.6% and 16.7%) and during 

ethanol infusion (fP = 13.6%, 15.9% and 17.0%, respectively).  

In the long-term condition, 18F-DPA-714 brain VT remained higher (p<0.001) than baseline 

but were significantly lower (p<0.001) than those measured during alcohol exposure (Fig. 5). 

The coefficient of variation of brain VTs (CV = 100 × SD/mean) were lower in the baseline (CV 

= 19%) and the acute conditions (CV = 5%) compared to the long-term conditions (CV = 

25%), suggesting higher variability in the long-term effects of alcohol. In animal 3, scanned 7 

months after alcohol exposure, long-term VT remained at the same level than acute VT (Fig. 

5). Long-term VT tent to decrease in animal 1 and 2, scanned 12 and 7 months after alcohol 

exposure, respectively (Fig. 5). As a comparison, no increase in 18F-DPA-714 brain VT could 

be observed in the “control” alcohol-naïve animal, up to 14 months after the first 18F-DPA-714 

PET experiment (Fig. 5).  
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DISCUSSION 

Emerging evidence from animal studies supports a role of the neuroimmune system in many 

actions of alcohol to the CNS (Mayfield et al. 2013). Alcohol-induced neuroinflammation is 

clearly related to brain damages after excessive binge drinking (Alfonso-Loeches et al. 

2010). The influence of the first alcohol exposure in young individuals remained to be 

investigated. For obvious ethical reasons, it is not possible to investigate the effect of an 

initial alcohol intake in Human. The neuroimmune response to an initial alcohol exposure, 

which mimics the binge drinking situation, was thus investigated using TSPO PET imaging in 

the brain of adolescent baboons. 

The first important finding of this study is the immediate increase in 18F-DPA-714 binding to 

the brain observed in vivo during ethanol exposure. The effect was shown reversible by 

displacement using PK-11195, suggesting specific binding to TSPO. We showed that ethanol 

exposure was not likely to increase 18F-DPA-714 fraction that is not bound to plasma 

proteins. Therefore, enhanced fP is not an explanation for the increase in 18F-DPA-714 VT 

observed in this condition. 

This effect corroborates with the direct action of ethanol and its metabolites on innate brain 

immunity, which is hypothesized to account for the acute effects of alcohol consumption 

(Alfonso-Loeches et al. 2010). The increase in 18F-DPA-714, as well as the substantial 

displacement using PK-11195, was observed globally across tested brain regions, 

suggesting that the neuroimmune response to acute alcohol exposure is not restricted to any 

specific neuronal circuitry or function or to any neurotransmitter system.  

Previous autoradiographic studies have used TSPO as an ex vivo biomarker of glial 

activation in the context of alcohol exposure. An increase in the binding of the TSPO 

radioligand 11C-DAA1106 has been reported after intra-striatal injection of ethanol in rats 

(Maeda et al. 2007). An early increase in the binding of the reference TSPO ligand 3H-PK-

11195 has been reported after 4 days of ethanol intake in the brain of rats (Obernier et al. 

2013). In vivo PET imaging studies have reported a slight but significant increase in the brain 
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kinetics of 11C-PK-11195 in the striatum, 4 days after intra-striatal injection of ethanol 

(Toyama et al. 2008). The dramatic effect observed in our study may be due to species 

differences in the neuroimmune response to ethanol exposure or to a lower sensitivity of the 

first generation 11C-PK-11195 TSPO PET radioligand to pro-inflammatory stimuli compared 

to 18F-DPA-714 (Boutin et al. 2013).  

The second important finding of this study was that 18F-DPA-714 brain distribution measured 

several months after an initial and unique exposure to alcohol, remained significantly higher 

than at baseline, i.e measured in the alcohol-naive subjects. This long-lasting effect suggests 

that the neuroimmune footprints of acute alcohol exposure are poorly reversible and durably 

account for the 18F-DPA-714 PET signal. In rats, previous autoradiographic studies have 

shown a prolonged TSPO overexpression in several brain regions after a 4-day binge 

exposure, using measurements performed several months after alcohol exposure (Marshall 

et al. 2013). Our study suggests that a single and initial exposure to alcohol-induced 

“priming” of glial cell activity can be detected using TSPO PET imaging. Further experiments 

are thus required to investigate the reversibility of this effect and its impact for further glial 

function and brain immunity. 

TSPO PET signal in the brain was shown to reveal reactive microglia but may also involve 

reactive astrocytes (Lavisse et al. 2012). Previous studies involving more specific biomarkers 

of neuroimmunity are thus useful to refer in order to provide a molecular correlate to the 

alcohol-induced increase in 18F-DPA-714 binding to the brain. Studies using Toll-like receptor 

4 (TLR4) deficient mice have elucidated the pivotal role of these receptors in the ethanol-

induced immune response (Alfonso-Loeches et al. 2010). Immunohistochemistry studies, 

performed in adolescent rats, reported a long-lasting microglial activation after 4-days binge 

drinking (ethanol blood concentration = 3 to 4 g/L) with increased expression of Iba1 and 

CD11b (McClain et al. 2011; Marshall et al. 2013). Interestingly, binge drinking did not impact 

the expression of CD-68, indicating that microglia did not reach the phagocytic stage. 

Accordingly, the expression of the anti-inflammatory cytokines IL-10 and TGF-β was 
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increased whereas no increase in the pro-inflammatory cytokines IL-6 and TNF-α could be 

detected (Marshall et al. 2013). Further experiments are thus required to assess whether 

increased TSPO PET signal observed during and after acute ethanol exposure in our study 

reflects a partial microglia activation or a typical neuroinflammatory state (McClain et al. 

2011). Alternative PET radioligands, which may be specific to each glial activation state, 

would be useful to address the cellular and molecular features of both the acute and long-

term neuroimmune response to alcohol exposure in nonhuman primates and humans. 

The present study aimed at highlighting the neuroimmune response to an initial and unique 

alcohol exposure in adolescent baboons. This situation reflects early alcohol intake in young 

individuals rather than the neuroimmune component of alcohol dependence or withdrawal. 

Interestingly, recent PET studies have unveiled a significant decrease in the binding of 11C-

PBR28, another TSPO radioligand, in different brain regions of alcohol-dependent patients 

compared to matched controls, with medically acceptable alcohol consumption (Kalk et al. 

2017; Hillmer et al. 2017). These 11C-PBR28 PET experiments have been in patients apart 

from alcohol exposure. In a first study, hippocampal 11C-PBR28 VT was positively correlated 

with verbal memory performance (Kalk et al. 2017). In the other study, a negative association 

between 11C-PBR28 VT in the hippocampus and striatum with alcohol dependence severity 

was reported (Hillmer et al. 2017). One may thus hypothesize that differential regulation of 

glial function, several years after the initial “priming” of glial cell function by early alcohol 

exposure, may play a role in the development of alcohol dependence and/or alcohol-induced 

brain disorders (Hillmer et al. 2017).  

Variability in the baseline PET kinetics of 18F-DPA-714 has been reported when studying 

baboons scanned in a same (Auvity et al. 2016) or different PET centers (James et al. 2008; 

Saba et al. 2015). Interestingly, high baseline 18F-DPA-714 brain distribution has been 

hypothesized to account for higher susceptibility to further pro-inflammatory stimulus (Auvity 

et al. 2016). Accordingly, previous alcohol exposure was shown to potentiate the endotoxin-

induced cytokine release and neuroinflammation in mice (Qin et al. 2008). Conversely, ex 
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vivo response of peripheral monocytes to lipopolysaccharide stimulation was shown lower in 

alcohol-dependent patients compared to control subjects (Hillmer et al. 2017). Further 

research is thus needed to elucidate the interplay between the neuroimmune response  to 

early and acute alcohol exposure and the implication of neuroimmunity for the development 

of brain damages, alcohol and/or drug abuse, and the development of alcohol dependence 

(Hutchinson & Watkins 2013; Mayfield et al. 2013). 

 

CONCLUSION 

The neuroimmune response to alcohol exposure was non-invasively highlighted using TSPO 

PET imaging in adolescent baboons. We found an immediate and prolonged increase in the 

brain distribution of 18F-DPA-714 after a unique and single alcohol exposure. Our study 

shows that TSPO PET imaging can be useful to investigate the neuroimmune component of 

the acute effects of alcohol to the CNS and to assess its implication for brain immunity, 

toxicity and alcohol-use disorders. 
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FIGURE LEGENDS 

Fig.1 Blood-ethanol concentrations measured during the ethanol infusion protocol. Alcohol-

naïve baboons that participated to the PET study were injected with a bolus ethanol dose 

(0.6 g/kg in 10 min) followed by ethanol infusion (0.1 g/kg/h). Individual blood ethanol kinetics 

in plasma (g.L-1) are reported for Animal 1, 2 and 3. 

 

Fig.2 18F-DPA-714 brain PET images obtained before (A), during (B) and 7 months after (C) 

an initial ethanol exposure (~0.8 g.L-1) in a baboon (Animal 1). These are summed (10 to 50 

min) and SUV-normalized PET images obtained after injection of 18F-DPA-714.  
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Fig. 3 18F-DPA-714 kinetics in the brain (A) and in plasma (B) obtained before, during and 

several months after an initial exposure to alcohol. Data are shown as time activity curves 

(SUV versus time) expressed as mean ± 1 S.D. The fraction (%) of parent 18F-DPA-714 

versus time in each condition is shown in C.  

 

 



23 
 

Fig. 4 Influence of displacement using unlabeled PK11195 on the brain kinetics of 18F-DPA-

714 in several brain regions. Representative time-activity curves (TACs, SUV versus min) 

obtained in selected brain regions of a baboon (Animal 1). During the ethanol infusion 

protocol (solid lines), animal was injected i.v with 18F-DPA-714. After 55 min PET acquisition, 

animal received an i.v bolus of unlabeled PK-11195 (1.5 mg/kg) followed by 60 min 

acquisition. Corresponding TACs obtained in a reference animal without displacement and 

during alcohol exposure are shown as dashed lines.  

 

  



24 
 

Fig. 5 The volume of distribution (VT; mL.cm-3) of 18F-DPA-714 was estimated using the 

Logan plot analysis in selected brain regions before, during and several months after an 

initial exposure to alcohol (A). Ctx = cortex. Data are shown as mean ± 1 S.D (n=3 animals). 

Statistical significance is shown as ***p<0.001. Individual VTs estimated for the whole brain in 

the different tested conditions are shown in B. Data obtained in a “control” alcohol-naïve 

animal, that did not receive alcohol during the study, are also displayed. 
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Table 1 Displacement of 18F-DPA-714 brain radioactivity obtained using unlabeled PK11195 

in baboons during alcohol exposure. Individual values (%) are reported for each animal and 

are expressed as a percentage change between SUV50 min (before displacement) and SUV75 

min (after displacement) in several brain regions. Regional data were compared to those 

obtained in a reference animal (during alcohol exposure, without displacement). Data are 

shown as mean % ± 1 SD (n = 3).  

 Caudate 

Nucleus Cerebellum 

Frontal 

Cortex Hippocampus 

Occipital 

Cortex Putamen 

Temporal 

Cortex Thalamus 

White 

Matter 

Animal 1 (%) 35.3 36.2 37.8 35.0 41.4 32.6 10.3 38.4 32.8 

Animal 2 (%) 24.8 18.6 31.2 30.2 27.9 28.3 31.0 27.7 29.9 

Animal 3 (%) 25.6 25.0 28.5 33.4 27.8 25.8 21.0 33.4 22.9 

Mean % ±SD 28.5±5.8 26.6±8.9 32.5±4.8 32.9±2.4 32.4±7.9 28.9±3.4 20.7±10.4 33.2±5.3 28.5±5.1 

Reference (%) 13.9 16.5 11.8 9.6 15.8 18.1 9.2 7.9 13.7 

Animal/reference 

(Mean % ±SD) 2.1±0.4 1.6±0.5 2.7±0.4 3.4±0.2 2.0±0.5 1.6±0.2 2.3±1.1 4.2±0.7 2.1±0.4 

 

 

 


