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Abbreviations 

AEA: anandamide; ADT: Acetone drop test; CB1: cannabinoid receptor 1; CB2: cannabinoid 

receptor 2; CD11b: cluster of differentiation molecule 11b: CD68, cluster of differentiation 68; 

CNS: central nervous system; COX-2: cyclooxygenase 2; EPM: Elevated plus maze; FAAH: 

Fatty acid amide hydrolase; FST: Forced swim test; GFAP: glial fibrillary acidic protein; IFN: 

interferon; IL: interleukin; i.p: intraperitoneal; IP-10: Interferon gamma-induced protein 10; 

IRF: interferon regulatory factor; LMA: Locomotor activity; LPS: lipopolysaccharide; MRC2: 

Mannose receptor C type 2; NFκB: Nuclear factor kappa B; OEA:  N-oleoylethanolamide; 

OFT; Open field test; PEA: N-palmitoylethanolamide; PGE2: prostaglandin E2; Poly I:C: 

Polyinosinic: polycytidylic acid; SPT: Sucrose preference test; TLR: Toll-like receptor; TNF: 

tumour necrosis factor; URB597: [3-(3-carbamoylphenyl)phenyl] N-cyclohexylcarbamate; 

VFT: Von Frey test. 
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Abstract 

Aberrant activation of toll-like receptor (TLR)s results in persistent and prolonged 

neuroinflammation and has been implicated in the pathogenesis and exacerbation of psychiatric 

and neurodegenerative disorders. TLR3 coordinates the innate immune response to viral 

infection and recent data have demonstrated that inhibiting fatty acid amide hydrolase (FAAH), 

the enzyme that primarily metabolizes anandamide, modulates TLR3-mediated 

neuroinflammation. However, the physiological and behavioural consequences of such 

modulation are unknown. The present study examined the effect of URB597, a selective FAAH 

inhibitor, on neuroinflammation, physiological and behavioural alterations following 

administration of the TLR3 agonist and viral mimetic poly I:C to female rats. URB597 

attenuated TLR3-mediated fever, mechanical and cold allodynia, and anxiety-like behaviour 

in the elevated plus maze and open field arena. There was no effect of URB597 on TLR3-

mediated decreases in body weight and no effect in the sucrose preference or forced swim tests. 

URB597 attenuated the TLR3-mediated increase in the expression of CD11b and CD68, 

markers of microglia/macrophage activation. In summary, these data demonstrate that 

enhancing FAAH substrate levels suppresses TLR3-mediated microglia/macrophage 

activation and associated changes in fever, nociceptive responding and anxiety-related 

behaviour. These data provide further support for FAAH as a novel therapeutic target for 

neuroinflammatory disorders.   

 

Keywords: endocannabinoid, anandamide, neuroinflammation, viral, brain, behavior 
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1. Introduction 

The endocannabinoid system has been shown to exhibit potent immunomodulatory effects and 

represents a potential therapeutic target for peripheral and central inflammatory disorders [1-

5]. N-arachidonoylethanolamine (anandamide; AEA), the most studied endocannabinoid to 

date, mediates its effects via cannabinoid (CB1 and CB2) and non-cannabinoid (TRPV1, PPARs 

and GPR55) receptors and is primarily broken down by fatty acid amide hydrolase (FAAH) 

[6]. In vitro and in vivo evidence have demonstrated that FAAH inhibition, and associated 

increases in AEA and the related N-acylethanolamines N-oleoylethanolamide (OEA) and N-

palmitoylethanolamide (PEA), result in the modulation of inflammatory responses induced 

following the activation of the pattern recognition receptors, toll-like receptor (TLR)s [for 

review see [7]. (TLR)3 activation results in the induction of type 1 interferon (IFN-α and IFN-

β) and NFĸB-inducible (e.g. IL-1β, IL-6 and TNF-α) inflammatory cascades which are 

responsible for coordinating the innate immune response to viral infection. Recent data has 

highlighted that FAAH inhibition attenuates the TLR3-mediated increase in the expression of 

IFN-inducible genes and pro-inflammatory cytokines in brain regions such as the hippocampus 

and hypothalamus, without altering peripheral immune responses [8, 9]. The behavioural and 

physiological consequences of TLR3 activation include the induction of sickness behaviours 

such as fever/hypothermia, hypoactivity and anorexia [8, 10-13] and enhanced pain sensitivity 

[14] which represents a highly adaptive coping mechanism by the CNS to fight viral infection. 

However, aberrant activation of TLR3 can elicit adverse effects on the CNS including 

increased neuronal excitability and seizure susceptibility [15, 16], impaired contextual and 

working memory [16], anxiety- and depressive-like behaviour [17] and exacerbation of 

underlying neurodegenerative processes [18, 19]. However, it is unknown if FAAH-induced 

modulation of TLR3-mediated inflammatory responses result in associated physiological and 

behavioural changes.  
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Several studies have demonstrated that FAAH inhibition alters anxiety- [20-25] and 

depressive-like behaviour [21, 26] and elicits analgesic effects [22]. However, few studies have 

evaluated if similar effects occur in the presence of heightened inflammatory tone. The FAAH 

substrates AEA, OEA and PEA have been shown to modulate TLR4-induced thermoregulatory 

changes and hypophagia [27-29], most likely mediated via modulation of hypothalamic 

cytokine expression [28]. A recent study from our group demonstrated that FAAH inhibition 

modulated TLR4-mediated neuroinflammatory responses in the hippocampus and frontal 

cortex, an effect which was accompanied by an attenuation of TLR4-mediated anhedonia, but 

not sickness behaviour [30]. Furthermore, FAAH inhibition has been demonstrated to reverse 

TLR4-mediated mechanical allodynia [31], thermal hyperalgesia and paw oedema [32]. 

Collectively, these results demonstrate a role for FAAH substrates in the modulation of 

behavioural responses following TLR4 activation, although there are no studies to date 

examining if similar responses occur following activation of other TLRs such as TLR3. Thus, 

the aim of the present study was to examine the effect of enhancing FAAH substrate levels on 

TLR3-mediated neuroimmune activation and resulting physiological and behavioural 

responses.  

 

 

 

 

 

 

 

2. Experimental Procedures 

2.1 Animals 
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Experiments were carried out on female Sprague-Dawley rats (weight, 180-250g; NUI Galway 

breeding facility), housed singly for at least 3 days prior to the experiment in transparent plastic 

bottomed cages (48cm × 20cm × 27cm) containing wood shavings as bedding. The animals 

were maintained at a constant temperature (21 ± 2oC) under standard light-dark cycle 

conditions (12: 12 h light-dark, lights on from 0700 to 1900 h). All experiments were carried 

out during the light phase between 0800 h and 1800 h. Food and water were available ad 

libitum. Animals were habituated to handling and received an intraperitoneal (i.p.) injection of 

sterile saline (0.89% NaCl) for 2-3 days before experimentation in order to minimise the 

influence of the injection procedure on behaviour and biological endpoints and the minimum 

number of animals used. The experimental protocol was carried out in accordance with the 

guidelines of the Animal Care and Research Ethics Committee, National University of Ireland 

Galway under licence from the Irish Department of Health and Children in compliance with 

the European Communities Council directive 2010/63/EU and ARRIVE guidelines.  

2.2 Experimental Design 

2.2.1 Experiment 1: The effect of FAAH inhibition on poly I:C-induced sickness behaviour, 

nociceptive responding, anxiety- and depressive-like behaviour  

Rats were randomly assigned to one of three treatment groups: Vehicle-saline (n = 6-8), 

Vehicle-poly I:C (n = 9) and URB597-poly I:C (n = 9).  The TLR3 agonist poly I:C (3mg/kg 

i.p., GE Healthcare, Ireland) or saline vehicle (0.89% NaCl, i.p.) were administered in an 

injection volume of 1.5ml/kg 30 minutes following systemic i.p. administration of the FAAH 

inhibitor URB597 (1mg/kg, Cayman Chemicals, Estonia) or vehicle (ethanol: cremophor: 

saline; 1:1:18) in an injection volume of 2ml/kg. The dose and timing of URB597 and poly I:C 

administration were chosen based on previous published work [8, 9, 33]. Behavioural 

responding was assessed over a 24hr period. Sickness behaviour was assessed by recording 

rectal temperature, home cage locomotor activity and body weight. Nociceptive responding to 
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mechanical and cold stimuli was assessed using the von Frey and acetone drop tests, 

respectively. Anxiety-like behaviour was assessed in the open field and elevated plus maze and 

depressive-like behaviour was assessed using the sucrose preference test (anhedonia) and 

forced swim test (behavioural despair/stress coping behaviour). Separate cohorts of animals 

were used for behavioural testing. Cohort 1: Temperature, Homecage activity (HCA), Body 

weight and Open Field Test (OFT). Cohort 2: Sucrose Preference (SPT). Cohort 3: Von Frey 

test (VFT) and Acetone drop test (ADT), Elevated plus maze (EPM) and Forced Swim test 

(FST). At the end of behaviour testing, animals from cohort 3 were sacrificed, brain removed 

and hypothalamus excised and frozen at -80oC until expression of markers for 

microglia/macrophage and astrocyte activation.  

 

2.2.2 Experiment 2: The effect of FAAH inhibition on temperature, nociceptive responding and 

anxiety-like behaviour in the absence of TLR3 stimulation                                                   

Rats were randomly assigned to one of two treatment groups: Vehicle-saline (n = 6) and 

URB597-saline (n = 7).  The FAAH inhibitor URB597 (1mg/kg) or vehicle (ethanol: 

cremophor: saline; 1:1:18) were administered  i.p. in an injection volume of 2ml/kg followed 

30min later by an i.p, injection of sterile saline (0.89% NaCl) administered in an injection 

volume of 1.5ml/kg. Animals were analysed for temperature, nociceptive responding and 

anxiety behaviour in the EPM. 

 

 

2.3 Temperature recording and body weight 

Body temperature was measured using a rectal probe (Omron EcoTemp Smart Digital 

Thermometer) prior to any experimental manipulation and 4, 8 and 24hrs post poly I:C/saline 
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injection. Body weight was recorded prior to any experimental manipulation and 24hrs 

following poly I:C/saline injection and used to calculate body weight gain over the 24hr period. 

 

2.4 Behavioural testing 

2.4.1 Homecage locomotor activity monitoring 

Home cage locomotor activity was assessed using the Opto-M3 Dual Axis system (Columbus 

Instruments, Columbus, OH) as previously described [34, 35]. Following poly I:C/saline 

injection, animals were returned to their home cage and horizontal activity (total beam breaks) 

was recorded and presented as activity during the light phase (0-8 h post poly I:C/saline) and 

the dark phase (nocturnal activity: 14–22 h post poly I:C/saline). 

 

2.4.2.Nociceptive responding to mechanical and cold stimuli 

The arena used for the von Frey test (VFT) and acetone drop test (ADT) consisted of a six-

compartment Perspex arena (11cm × 20cm × 15cm) with wire mesh flooring as previously 

described [36-38]. A modified von Frey behavioural testing was performed to assess 

mechanical allodynia as previously described [14]. In brief, rats were habituated to the arena 

for at least 15min after which time an 8g von Frey filament (Touch-Test® Sensory Evaluators, 

North Coast Medical, Inc., Gilroy, CA, USA) was applied perpendicular to the mid-plantar 

surface of the hindpaw, for up to a maximum of 5 seconds or until flinching, licking or 

withdrawal of the paw occurred. 

Testing occurred on both right and left hindpaws five times (alternating between paws for a 

total of ten withdrawals). Results were expressed as the percent response frequency of paw 

withdrawals (number of withdrawals/10 × 100). Immediately following VFT, animals were 

assessed for cold allodynia in the ADT. In brief, 0.2ml of acetone (Sigma-Aldrich, Dublin, 

Ireland) was applied to the plantar surface of the hindpaw and latency to respond within 60 
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seconds was recorded. A positive response was considered as a flinch, lick or withdrawal of 

the hindpaw. If the animal did not respond within 60 seconds, this value was taken as the 

latency. The average of the 3 trials was calculated for each hind-paw. 

Von Frey and acetone drop testing were carried out 24hrs prior to any experimental 

manipulation (baseline) and 2, 4, 8 and 24hrs post poly I:C/saline injection by an experimenter 

blind to the treatment procedure. 

2.4.3 Open field test 

As previously described [36, 39, 40], 24hrs post saline/poly I:C administration animals were 

removed from the home cage placed into the centre of a brightly-lit (220 lux) novel open field 

arena (diameter 75cm) for 5min. The distance moved (cm) and number of transitions between 

the inner zone and the outer zone was assessed using a video tracking system (EthoVision® 

XT11.5, Noldus, Netherlands).  

2.4.4 Elevated plus maze 

The elevated plus maze (EPM) test was carried out as previously described [40]. In brief, 24hrs 

post poly I:C/saline administration animals were placed on the EPM for 5min and distance 

moved (cm), number of open and closed arm entries and the duration of time spent in the open 

arm(s) assessed using a video tracking system (EthoVision® XT11.5, Noldus, Netherlands).  

 

 

2.4.5 Sucrose preference test  

As previously described [30], animals were singly housed and presented with two drinking 

bottles in their home cage, one containing tap water and the other containing a 1% (w/v) sucrose 

solution for 3 days prior to the experiment and for 24hrs following poly I:C/saline injection. 

The bottle position was alternated each day and bottles were weighed before and after testing. 

Preference scores were calculated by dividing the amount of sucrose consumed by the total 
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amount of fluid consumed (water + sucrose) during the 24hr period and comparing against the 

average sucrose preference during the 3 day training period. 

2.4.5 Forced swim test 

Rats were placed into glass cylinders (height: 45cm; diameter: 20cm) containing water (30cm 

depth, 23-25oC) for 15min at 26hrs post poly I:C/saline injection. Time spent immobile was 

assessed with the aid of a video tracking system (EthoVision® XT11.5, Noldus, Netherlands) 

by an experimenter blind to the treatment procedure. 

 

2.5 Expression of markers of glial activation using quantitative real-time PCR 

In order to evaluate the effect of URB597 on TLR3-induced neuroinflammation, the expression 

of CD11b and GFAP were examined in the hypothalamus 24hrs post poly I:C, as markers of 

microglia/macrophage and astrocyte activation [17, 30]. The hypothalamus was selected as it 

is a key brain region involved in the inflammatory and sickness response to infection, including 

the viral TLR3-mediated response. Furthermore, the hypothalamus is an important region in 

the modulation of the stress response, emotional responding and nociceptive processing. The 

expression of CD68 and MRC2, genes up-regulated in activated microglia/macrophages with 

bias towards a pro-inflammatory M1 vs. a restorative/anti-inflammatory M2 phenotype 

respectively, were also analysed. In brief, RNA was extracted from the hypothalamic tissue 

using NucleoSpin RNA II total RNA isolation kit (Macherey-Nagel, Germany) and reverse 

transcribed into cDNA using a High Capacity cDNA Archive kit (Applied Biosystems, UK). 

Taqman gene expression assays (Applied Biosystems, UK) were used to quantify the gene of 

interest and real-time PCR was performed using an ABI Prism 7500 instrument (Applied 

Biosystems, UK), as. Assay IDs for the genes were CD11b (Rn00709342_m1), CD68 

(Rn01495634_g1), MRC2 (Rn01456616_m1) and GFAP (Rn00566603_m1) and β-actin was 
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used as an endogenous control. Relative gene expression was calculated using the ΔΔCT 

method and expressed as % change from vehicle-saline-treated groups. 

 

2.6 Statistical Analysis  

SPSS statistical package (IBM SPSS v20.0 for Microsoft Windows; SPSS Inc., Chicago, IL, 

USA) was used to analyse all data. Normality and homogeneity of variance were assessed using 

Shapiro-Wilk and Levene’s test, respectively. Data were analysed using repeated measures 

ANOVA for more than two groups over various time points or one-way ANOVA’s for more 

than two groups on one factor. Post-hoc analysis was performed using Fisher’s LSD test where 

appropriate. Data were analysed using unpaired t-test for two groups. The level of significance 

was set at p < 0.05. All graphs were constructed using Graphpad Prism and results are 

expressed as group means ± SEM. 

 

 

 

  



12 
 

3. Results 

3.1 FAAH inhibition attenuates TLR3-mediated fever but not sickness behaviour  

In order to evaluate if enhancing FAAH substrate levels modulates TLR3-mediated acute 

physiological and sickness responses, the effect of systemic URB597 administration on body 

temperature, locomotor activity and body weight over a 24hr period following TLR3 activation 

using the viral mimetic poly I:C was examined. There was no significant difference in 

temperature at baseline between groups [one-way ANOVA; p > 0.05 (vehicle-saline 36.7oC ± 

0.3; vehicle-poly I:C 36.4oC ± 0.4;  URB597-poly I:C 36.8oC ± 0.4)]. Repeated measures 

ANOVA revealed a significant effect of group [F(1,18) = 4.023, p < 0.05] but not time or a time 

× group interaction on change in temperature from baseline. Post hoc analysis revealed that 

poly I:C significantly increased temperature 4hrs post administration compared to saline-

treated counterparts (Fig 1a). URB597-treated animals exhibited a significant decrease in 

temperature 4 and 8hrs post poly I:C administration when compared to vehicle-treated 

counterparts (Fig 1a). Although poly I:C tended to reduce homecage locomotor activity (LMA) 

(0-8hrs post administration) and nocturnal homecage LMA (14-22hrs post administration) (Fig 

1b,c), these effects did not reach statistical significance (one-way ANOVA; p > 0.05). In 

addition, a one-way ANOVA revealed that poly I:C significantly reduced body weight [F(2,23) 

= 12.756, p < 0.01] over the 24hr period post administration compared to saline-treated 

counterparts, an effect not altered by prior URB597 administration (Fig 1d).  

 

3.2 FAAH inhibition attenuates the increase in nociceptive responding to mechanical and 

cold stimuli following TLR3 activation 

Repeated measures ANOVA revealed a significant effect of time [F(4) = 3.564, p < 0.05] and 

group [F(1,20) = 8.250, p < 0.01] on frequency of withdrawals in the von Frey test. Subsequent 

post hoc analysis revealed that animals treated with poly I:C displayed mechanical allodynia, 
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expressed as an increase in response frequency to mechanical stimulation at 2hrs, 4hrs, 8hrs 

and 24hrs post administration compared to saline-treated controls (Fig 2a). Although URB597-

poly I:C treated animals tended to display an increase in mechanical withdrawal response 

frequency when compared to saline-treated counterparts, this effect was not significant at 4hrs 

and 8hrs post poly I:C administration. Furthermore, URB597 significantly attenuated the poly 

I:C-induced increase in withdrawal frequency 24hrs post administration. Further statistical 

analysis of the area under the curve revealed that poly I:C significantly increased nociceptive 

responding to a mechanical stimulus compared to saline-treated controls and this effect was 

attenuated by URB597 [F(2,22) = 7.259, p < 0.01] (Fig 2b). In the acetone drop test, poly I:C 

reduced the latency of animals to respond to the cold innocuous stimulus, indicating cold 

allodynia (Fig 2c), an effect not observed in URB597-poly I:C treated counterparts, however 

analysis revealed that this effect failed to reach statistical significance (p > 0.05). Alternative 

analysis using area under the curve revealed that poly I:C elicited cold allodynia, an effect not 

observed in URB597-treated counterparts [F(2,20) = 4.518, p < 0.05] (Fig 2d). 

 

3.3 FAAH inhibition attenuates TLR3-mediated anxiety-, but not depressive-, like behaviour  

Anxiety-like behaviour was assessed using the elevated plus maze and open field tests, at a 

time when acute sickness behaviour had resolved, 24hrs post poly I:C administration. Analysis 

revealed that poly I:C significantly reduced the number of transitions between inner and outer 

zones in the open field test (OFT) [F(2,19) = 4.347, p < 0.05], and reduced the amount of time 

spent in the open arms of the elevated plus maze (EPM) [F(2,22) = 7.293, p < 0.01]  compared 

to saline-treated counterparts, an effect attenuated by prior administration of URB597 (Fig 

3a,c). Although distance moved in the OFT did not differ significantly between the groups (Fig 

3b), poly I:C-treated animals exhibited a significant decrease in total distance moved in the 

EPM, an effect not altered by URB597 [F(2,22) = 7.324, p < 0.01] (Fig 3d). Further analysis 
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revealed no significant difference between the groups in relation to number of open/closed arm 

entries or transitions into the open arms of the EPM [data not shown]. Anhedonic and despair-

like/stress-coping behaviour, both measures of depressive-like behaviour, were assessed using 

the sucrose preference (SPT) and forced swim tests (FST). In the SPT, all animals exhibited a 

baseline sucrose preference of >85% prior to experimental manipulation (data not shown). 

Repeated measures ANOVA revealed a significant effect of time [F(1) = 14.727, p < 0.01], but 

not group [F(1,20) = 2.951, p = 0.075] or a time ˟ group interaction [F(2) = 2.754, p < 0.088] on 

sucrose preference over 24hrs. Subsequent post hoc analysis revealed that animals treated with 

poly I:C displayed a significant reduction in sucrose preference compared to corresponding 

baseline preference, indicative of anhedonic behaviour. Although the anhedonic response 

appeared to be enhanced in URB597-treated rats, analysis revealed that the poly I:C-induced 

decrease in sucrose preference was not altered by prior URB597 administration (Fig 3e). There 

was no effect of poly I:C and/or URB597 on total fluid intake over this period (Fig 3f).  The 

data revealed that animals exposed to the FST exhibited a tendency for increased immobility, 

indicative of despair-like/stress coping behaviour, an effect not altered by prior URB597 

administration, however this failed to reach statistical significance (Fig 3g). 

 

3.4 FAAH inhibition attenuates TLR3-microglia/macrophage activation 

In order to determine if URB597-mediated attenuation of the poly I:C-induced fever response, 

changes in nociceptive responding and anxiety-like behaviour were mediated via URB597 

modulation of the neuroinflammatory response, the effects of URB597 on poly I:C-induced 

expression of glial activation markers were examined. ANOVA revealed a significant effect 

on the expression of the microglia/macrophage marker CD11b [F(2,20) = 9.282, p < 0.01] and 

the M1 pro-inflammatory microglial/macrophage marker CD68 [F(2,20) = 4.057, p < 0.05], but 

not the M2 anti-inflammatory/restorative microglial marker MRC2 [F(2,20) = 1.901, p > 0.05] 
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or the astrocytic activation marker GFAP [F(2,20) = 1.432, p > 0.05] (Fig 4).  Post hoc analysis 

revealed that the systemic administration of poly I:C significantly increased the expression of 

CD11b and CD68, when compared to vehicle-saline-treated counterparts, an effect attenuated 

by prior URB597 administration, however this failed to reach statistical significance for CD68 

expression (Fig 4a,b).  

 

3.5 FAAH inhibition does not alter temperature, nociceptive responding to cold stimuli or 

anxiety-like behaviour in the absence of TLR3 stimulation 

The data indicated that URB597 attenuates TLR3-mediated fever, nociceptive responding and 

anxiety-like behaviour. As several reports suggest that enhancing FAAH substrate levels may 

also elicit similar effects in the absence of an immune stimulus, we examined if this was the 

case under the experimental conditions in the current study.  Analysis revealed no effect of 

URB597 on temperature, nociceptive responding to a cold innocuous stimulus or time in the 

open arms of the elevated plus maze (Fig. 5). A significant time × group interaction [F(4,36) = 

4.522, p < 0.01] was found for the withdrawal response frequency in the von Frey test, with 

post hoc analysis revealing that URB597 increased the withdrawal response frequency to a 

mechanical stimulus 24hrs post administration when compared to vehicle-treated counterparts 

(Fig 5b).  

 

 

4. Discussion 

Aberrant TLR activation may underlie a host of psychiatric and neurodegenerative disorders 

and thus greater understanding of TLR-associated physiological and pathophysiological 

responses is of significant fundamental and therapeutic importance. The results of the present 
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study demonstrate that the systemic administration of the FAAH inhibitor URB597 attenuated 

TLR3-mediated microglia/macrophage activation and some, but not all, associated behavioural 

changes in female rats. Essentially, TLR3 activation was associated with enhanced 

microglia/macrophage activation in the hypothalamus, the induction of an acute sickness 

response (fever, reduced body weight gain and allodynia) and longer-term changes in 

mechanical allodynia, anxiety- and anhedonia/depressive-like behaviour. Systemic 

administration of the FAAH inhibitor URB597 attenuated TLR3-mediated fever, anxiety-like 

behaviour and changes in nociceptive responding, an effect associated with the attenuation of 

TLR3-mediated M1 pro-inflammatory microglia/macrophage activation. Such effects were not 

observed in the absence of TLR3 stimulation and there was no effect of URB597 on TLR3-

associated body weight loss or anhedonia. Taken together, these data demonstrate for the first 

time that the attenuation of TLR3-mediated neuroinflammatory markers by FAAH inhibition 

is associated with physiological and behavioural changes including temperature, nociceptive- 

and anxiety-like behaviour and may have implications for the treatment of neuroinflammatory 

disorders associated with aberrant TLR3 activation. 

 

The data herein confirm the well documented neuroinflammatory effect of TLR3 activation 

following systemic administration of the viral mimetic poly I:C and the associated acute 

sickness response which includes fever, reduced body weight and allodynia [8, 10, 11, 13, 14]. 

Sickness behaviour induced following viral infection and TLR3 activation are associated with 

glial activation and the release of type 1 interferons (IFN-α and IFN-β) and NFĸB-inducible 

pro-inflammatory cytokines (e.g. IL-1β, IL-6 and TNF-α) [8-10, 13, 17]. For example, 

cytokines including IL-1β, IL-6, TNF-α [11, 41] and the COX-PGE2 pathway have been shown 

to be pivotal mediators of the TLR3 febrile response [42, 43]. In addition to the acute 

neuroinflammatory response, TLR3 activation has been shown to result in the increased 
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expression of the microglia/macrophage activation marker CD11b [17, 44], reduced BDNF and 

increased indoleamine 2, 3, dioxygenase (IDO) and kynurenine in the CNS [17], effects which 

may underlie long-term neuronal and behavioural changes. Accordingly, the acute sickness 

response to immune stimulation in rodents has been found to resolve after 24hrs, however, 

lasting behavioural effects of TLR3 activation have been reported beyond this period. Anxiety-

like and anhedonic behaviour [17] and enhanced mechanical nociceptive thresholds [44, 45] 

have been reported in rats 24hrs post poly I:C administration, effects which have been 

replicated and expanded upon in the current study. Accordingly, the present data demonstrated 

that TLR3 activation results in anxiety-like behaviour in the OFT and EPM, anhedonia in the 

SPT and persistent mechanical allodynia in the von Frey test at 24hrs post poly I:C 

administration. Thus, taken together, the current and published data highlight the short and 

longer-term physiological consequences of TLR3 stimulation.  

Increasing evidence supports a role for FAAH, but not MAGL, substrates in the modulation of 

TLR3-mediated acute neuroinflammation in several brain regions [8, 9]. The current data 

demonstrate that the systemic administration of the FAAH inhibitor URB597 attenuates TLR3-

associated increases in the microglia/macrophage activation marker CD11b and M1 pro-

inflammatory microglia/macrophage marker CD68 (but not MRC2, the M2 anti-

inflammatory/restorative glial activation marker) in the hypothalamus. While it remains to be 

determined if similar effects occur in other brain regions, URB597 has been shown to modulate 

the TLR3-mediated increase in expression of neuroinflammatory genes in the hypothalamus, 

hippocampus and frontal cortex [8, 9], although the specific genes and magnitude of the 

response differs between regions. Differences in the effect of FAAH inhibition on TLR3-

mediated neuroinflammatory genes between brain regions may be attributed to differences in 

the resting state of neurons, glia or endocannabinoid activity in these regions. In accordance 

with the current study, FAAH inhibition also attenuates M1 microglia/macrophage activation 
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(CD11b and CD68) and the expression of an array of pro-inflammatory mediators following 

TLR4 activation [30]. Thus, taken together the data indicate that enhancing central FAAH 

substrate levels can attenuate both the TLR3- and TLR4-mediated activation of M1 

microglia/macrophages and associated increases in inflammatory mediators in the brain. 

Although GFAP expression in the hypothalamus tended to be enhanced in URB597-poly I:C 

treated animals, analysis revealed no significant change in GFAP expression in response to 

poly I:C in the presence or absence of URB597.  Although further histological and functional 

studies are required, this data suggest that the effects of URB597 on TLR3-mediated 

neuroinflammation and associated behavioural responding are unlikely due to the inhibition of 

astrocyte activity. The current data demonstrate that the physiological consequences of FAAH 

substrate-induced attenuation of TLR3-mediated neuroinflammation include the attenuation of 

the fever response, without altering other aspects of the sickness response, namely reduction in 

body weight. Although FAAH substrates including AEA, OEA and PEA have been shown to 

modulate TLR4-induced changes in temperature [27-29], this is the first study to demonstrate 

that enhancing FAAH substrate levels can also modulate TLR3 associated temperature 

changes. As the hypothalamus is a key brain region involved in TLR3-mediated fever, it is 

likely that FAAH substrate modulation of TLR3-mediated inflammatory processes in this 

region underlies the effects on temperature observed. Further studies are required in order to 

determine if these effects are mediated by one or a combination of FAAH substrates. However, 

it should be noted that CB1-/- mice exhibit a robust fever response to poly I:C [46], indicating 

that AEA activation of CB1 receptors is unlikely to be the primary mediator of the effects of 

URB597 on TLR3-mediated fever.   

Although it is well documented that FAAH substrates can elicit analgesic effects [for review 

see [47, 48]] and that systemic poly I:C administration induces mechanical allodynia in rats 

[14], to our knowledge this is the first study to demonstrate that enhancing FAAH substrate 
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levels can modulate TLR3-mediated allodynia. Systemic administration of URB597 has been 

shown to reverse thermal hyperalgesia via CB1 receptor activation [32] and mechanical 

hyperalgesia via CB1 and CB2 receptors [31] following intraplantar TLR4 activation. Thus, it 

is possible that enhanced FAAH substrate levels at peripheral nociceptive terminals following 

the systemic administration of URB597 may have modulated nociceptive input resulting in the 

attenuation of TLR3-induced mechanical and cold allodynia. However, previous data from our 

group have indicated that the systemic administration of URB597 fails to modulate TLR-

induced inflammatory responses peripherally, but potently reduces neuroinflammatory tone [8, 

9]. Furthermore, microinjection of IL-1β and PGE2 into the preoptic area of the hypothalamus 

has been shown to induce thermal hyperalgesia [49, 50] and systemic LPS-induced thermal 

hyperalgesia was abolished by the administration of a COX-2 inhibitor into the preoptic area 

of the hypothalamus [51]. Thus, it is possible that the attenuation of TLR3-mediated microglial 

activation and neuroinflammation in key supraspinal sites such as the hypothalamus may 

mediate, at least in part, the anti-nociceptive effects of URB597 observed in the current study. 

In addition to the attenuation of TLR3-mediated fever and allodynia, the current study 

demonstrates that URB597 also attenuates TLR3-associated anxiety-like behaviour, without 

significantly altering anhedonia or stress-coping behaviour (FST). The effects of URB597 on 

TLR3-induced anxiety-related behaviour were not confounded by effects on locomotor activity 

as URB597 did not alter the locomotor activity of poly I:C treated rats in the homecage, OFT 

or EPM. Recent work by our group has shown that FAAH inhibition attenuates TLR4-mediated 

anhedonia, but not sickness-like behaviour [30]. Thus, taken together the data indicate that 

enhancing FAAH substrate levels can elicit differential physiological and behavioural effects 

in response to TLR3 vs. TLR4 stimulation.  Furthermore, individual FAAH substrates may 

have specific effects on the neuroinflammatory and/or behavioural effects observed following 

TLR stimulation. For example, OEA and PEA, have been shown to attenuate TLR4-mediated 
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neuroinflammatory responses, however only OEA, but not PEA, attenuated the associated 

anhedonia [28]. Future studies will determine if the effects of URB597 on TLR3-mediated 

neuroinflammation and behavioural alterations observed in the current study are mediated by 

one or a combination of FAAH substrates. Acute systemic administration of URB597 has been 

previously shown to reduce anxiety-like behaviour in the EPM [20, 21, 23-25, 52] and OFT 

[21]. However, the anxiolytic-like effects of FAAH inhibitors in these paradigms are primarily 

evaluated at a time when FAAH substrate levels would be maximally enhanced (30min - 2hrs 

post administration) and to our knowledge no studies have investigated the effect of a single 

acute administration of URB597 on anxiety-like behaviour in the EPM and OFT at time points 

beyond 2hrs.  Accordingly, the current study demonstrated that acute systemic administration 

of URB597 does not alter anxiety-like behaviour in the EPM 24hrs post administration, 

however TLR3-mediated increases in anxiety-like behaviour were found to be attenuated at 

this time point. As highlighted earlier, TLR3-mediated acute neuroinflammation is followed 

by longer term changes in microglia/macrophage activation, activation of the kynurenic 

pathway, reduced BDNF and altered neuronal activity [17, 44]. Thus, it is likely FAAH 

substrate-induced attenuation of acute TLR3-mediated neuroinflammation results in the 

inhibition of these longer term changes in neuronal and glial activity in key brain areas that 

underlie anxiety-, but not depressive-, like behavioural responses. This hypothesis is supported 

by the data demonstrating that systemic administration of URB597 is associated with an 

attenuation of the early expression of TLR3-mediated increases in IRF3- and NFκB-related 

inflammatory mediators in the brain [8, 9], an effect we have now shown to be accompanied 

by a later suppression of CD11b and CD68 expression (markers of M1 microglia/macrophage 

activation) 24hrs post TLR3 activation.  
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It should be noted that the current studies were performed in female rats. Although the oestrous 

cycle has been shown to modulate inflammatory processes in the periphery, data from our 

group has demonstrated that the phase of the oestrus cycle does not significantly alter TLR3-

mediated neuroinflammatory responses [8] or fever (unpublished data). Thus, oestrous cycle is 

unlikely to be a significant confounding factor in the behavioural changes observed in this 

study. In addition, while possible sex differences in the effects of URB597 on physiological 

and behavioural changes cannot be ruled out, previous data has demonstrated that the acute 

TLR3-mediated neuroinflammatory response in the hypothalamus and the subsequent 

development of fever, reduced locomotor activity and body weight do not differ between male 

and female rats [8]. Furthermore, URB597-induced attenuation of TLR3-mediated 

neuroinflammatory responses in the hypothalamus was similar in male and female rats [8]. 

Although further studies are required, the data suggest that FAAH-mediated modulation of 

TLR3-induced neuroinflammation and the resultant attenuation of fever, nociceptive 

responding and anxiety-like behaviour may be sex-independent.  

 

In conclusion, the current data provide further evidence for a role of FAAH substrates in the 

modulation of neuroinflammatory processes in response to TLR3 activation and expands on 

this to include the physiological and behavioural consequences of such modulation. Overall, 

these findings may have implications for the development of FAAH inhibitors as a novel 

therapeutic strategy for pain and anxiety disorders with a neuroinflammatory component. 

 

 

 

 

 



22 
 

 

Acknowledgements 

The authors would like to thank Edel Hughes, Marykate Killilea and Rachel Humphreys for 

their assistance with experimental procedures.  

The authors would like to gratefully acknowledge funding received from the Hardiman 

Postgraduate Research Scholarship, The discipline of Physiology and The College of 

Medicine, Nursing and Health Sciences, National University of Ireland, Galway. The funding 

sources had no input into the study design, collection, analysis and interpretation of the data or 

writing of the manuscript. 

 

Declaration of Interest: none 

Author’s roles 

LF, MR and DF were involved in the experimental design and writing the manuscript. LF, DK 

and MR were involved in conducting and analysing the experiments. All authors have read and 

approved the manuscript 

 

 

 

References 

[1] N.N. Burke, D.P. Finn, M. Roche, Neuroinflammatory Mechanisms Linking Pain and Depression, 
Modern trends in pharmacopsychiatry, 30 (2015) 36-50. 
[2] G.A. Cabral, T.J. Rogers, A.H. Lichtman, Turning Over a New Leaf: Cannabinoid and 
Endocannabinoid Modulation of Immune Function, Journal of neuroimmune pharmacology : the 
official journal of the Society on NeuroImmune Pharmacology, 10 (2015) 193-203. 
[3] E.J. Downer, Cannabinoids and innate immunity: taking a toll on neuroinflammation, 
ScientificWorldJournal, 11 (2011) 855-865. 
[4] M. Fitzgibbon, D.P. Finn, M. Roche, High Times for Painful Blues: The Endocannabinoid System in 
Pain-Depression Comorbidity, International Journal of Neuropsychopharmacology, 19 (2016) pyv095. 
[5] R. Witkamp, Fatty acids, endocannabinoids and inflammation, European journal of pharmacology, 
785 (2016) 96-107. 



23 
 

[6] B.F. Cravatt, D.K. Giang, S.P. Mayfield, D.L. Boger, R.A. Lerner, N.B. Gilula, Molecular 
characterization of an enzyme that degrades neuromodulatory fatty-acid amides, Nature, 384 (1996) 
83-87. 
[7] R.J. Henry, D.M. Kerr, D.P. Finn, M. Roche, For whom the endocannabinoid tolls: Modulation of 
innate immune function and implications for psychiatric disorders, Prog Neuropsychopharmacol Biol 
Psychiatry, 64 (2016) 167-180. 
[8] L.E. Flannery, R.J. Henry, D.M. Kerr, D.P. Finn, M. Roche, FAAH, but not MAGL, inhibition modulates 
acute TLR3-induced neuroimmune signaling in the rat, independent of sex, Journal of neuroscience 
research, 96 (2018) 989-1001. 
[9] R.J. Henry, D.M. Kerr, D.P. Finn, M. Roche, FAAH-mediated modulation of TLR3-induced 
neuroinflammation in the rat hippocampus, J Neuroimmunol, 276 (2014) 126-134. 
[10] C. Cunningham, S. Campion, J. Teeling, L. Felton, V.H. Perry, The sickness behaviour and CNS 
inflammatory mediator profile induced by systemic challenge of mice with synthetic double-stranded 
RNA (poly I:C), Brain Behav Immun, 21 (2007) 490-502. 
[11] M.E. Fortier, S. Kent, H. Ashdown, S. Poole, P. Boksa, G.N. Luheshi, The viral mimic, 
polyinosinic:polycytidylic acid, induces fever in rats via an interleukin-1-dependent mechanism, Am J 
Physiol Regul Integr Comp Physiol, 287 (2004) R759-766. 
[12] T. Katafuchi, T. Kondo, T. Yasaka, K. Kubo, S. Take, M. Yoshimura, Prolonged effects of 
polyriboinosinic:polyribocytidylic acid on spontaneous running wheel activity and brain interferon-
alpha mRNA in rats: a model for immunologically induced fatigue, Neuroscience, 120 (2003) 837-845. 
[13] C. Murray, E.W. Griffin, E. O'Loughlin, A. Lyons, E. Sherwin, S. Ahmed, N.J. Stevenson, A. Harkin, 
C. Cunningham, Interdependent and independent roles of type I interferons and IL-6 in innate 
immune, neuroinflammatory and sickness behaviour responses to systemic poly I:C, Brain Behav 
Immun, 48 (2015) 274-286. 
[14] T. Chijiwa, T. Oka, B. Lkhagvasuren, K. Yoshihara, N. Sudo, Prior chronic stress induces persistent 
polyI:C-induced allodynia and depressive-like behavior in rats: Possible involvement of glucocorticoids 
and microglia, Physiol Behav, 147 (2015) 264-273. 
[15] D.A. Costello, M.A. Lynch, Toll-like receptor 3 activation modulates hippocampal network 
excitability, via glial production of interferon-beta, Hippocampus, 23 (2013) 696-707. 
[16] M.A. Galic, K. Riazi, A.K. Henderson, S. Tsutsui, Q.J. Pittman, Viral-like brain inflammation during 
development causes increased seizure susceptibility in adult rats, Neurobiol Dis, 36 (2009) 343-351. 
[17] S.M. Gibney, B. McGuinness, C. Prendergast, A. Harkin, T.J. Connor, Poly I:C-induced activation of 
the immune response is accompanied by depression and anxiety-like behaviours, kynurenine pathway 
activation and reduced BDNF expression, Brain Behav Immun, 28 (2013) 170-181. 
[18] R. Field, S. Campion, C. Warren, C. Murray, C. Cunningham, Systemic challenge with the TLR3 
agonist poly I:C induces amplified IFNalpha/beta and IL-1beta responses in the diseased brain and 
exacerbates chronic neurodegeneration, Brain Behav Immun, 24 (2010) 996-1007. 
[19] M. Deleidi, P.J. Hallett, J.B. Koprich, C.-Y. Chung, O. Isacson, The Toll-like receptor-3 agonist 
poly(I:C) triggers nigrostriatal dopaminergic degeneration, The Journal of neuroscience : the official 
journal of the Society for Neuroscience, 30 (2010) 16091-16101. 
[20] A. Busquets-Garcia, E. Puighermanal, A. Pastor, R. de la Torre, R. Maldonado, A. Ozaita, 
Differential role of anandamide and 2-arachidonoylglycerol in memory and anxiety-like responses, Biol 
Psychiatry, 70 (2011) 479-486. 
[21] M.N. Hill, E.S. Karacabeyli, B.B. Gorzalka, Estrogen recruits the endocannabinoid system to 
modulate emotionality, Psychoneuroendocrinology, 32 (2007) 350-357. 
[22] S. Kathuria, S. Gaetani, D. Fegley, F. Valino, A. Duranti, A. Tontini, M. Mor, G. Tarzia, G. La Rana, 
A. Calignano, A. Giustino, M. Tattoli, M. Palmery, V. Cuomo, D. Piomelli, Modulation of anxiety through 
blockade of anandamide hydrolysis, Nat Med, 9 (2003) 76-81. 
[23] A. Komaki, N. Hashemi-Firouzi, S. Shojaei, Z. Souri, S. Heidari, S. Shahidi, Study the Effect of 
Endocannabinoid System on Rat Behavior in Elevated Plus-Maze, Basic and Clinical Neuroscience, 6 
(2015) 147-153. 



24 
 

[24] F.A. Moreira, N. Kaiser, K. Monory, B. Lutz, Reduced anxiety-like behaviour induced by genetic 
and pharmacological inhibition of the endocannabinoid-degrading enzyme fatty acid amide hydrolase 
(FAAH) is mediated by CB1 receptors, Neuropharmacology, 54 (2008) 141-150. 
[25] S. Patel, C.J. Hillard, Pharmacological evaluation of cannabinoid receptor ligands in a mouse model 
of anxiety: further evidence for an anxiolytic role for endogenous cannabinoid signaling, J Pharmacol 
Exp Ther, 318 (2006) 304-311. 
[26] J. Gibb, S. Hayley, M.O. Poulter, H. Anisman, Effects of stressors and immune activating agents on 
peripheral and central cytokines in mouse strains that differ in stressor responsivity, Brain, behavior, 
and immunity, 25 (2011) 468-482. 
[27] J.H. Hollis, H. Jonaidi, M. Lemus, B.J. Oldfield, The endocannabinoid arachidonylethanolamide 
attenuates aspects of lipopolysaccharide-induced changes in energy intake, energy expenditure and 
hypothalamic Fos expression, J Neuroimmunol, 233 (2011) 127-134. 
[28] A. Sayd, M. Antón, F. Alén, J.R. Caso, J. Pavón, J.C. Leza, F. Rodríguez de Fonseca, B. García-Bueno, 
L. Orio, Systemic Administration of Oleoylethanolamide Protects from Neuroinflammation and 
Anhedonia Induced by LPS in Rats, International Journal of Neuropsychopharmacology, 18 (2014) 
pyu111. 
[29] A.A. Steiner, A.Y. Molchanova, M.D. Dogan, S. Patel, E. Pétervári, M. Balaskó, S.P. Wanner, J. Eales, 
D.L. Oliveira, N.R. Gavva, M.C. Almeida, M. Székely, A.A. Romanovsky, The hypothermic response to 
bacterial lipopolysaccharide critically depends on brain CB1, but not CB2 or TRPV1, receptors, The 
Journal of Physiology, 589 (2011) 2415-2431. 
[30] R.J. Henry, D.M. Kerr, L.E. Flannery, M. Killilea, E.M. Hughes, L. Corcoran, D.P. Finn, M. Roche, 
Pharmacological inhibition of FAAH modulates TLR-induced neuroinflammation, but not sickness 
behaviour: an effect partially mediated by central TRPV1, Brain, behavior, and immunity, 62 (2017) 
318-331. 
[31] L. Booker, S.G. Kinsey, R.A. Abdullah, J.L. Blankman, J.Z. Long, C. Ezzili, D.L. Boger, B.F. Cravatt, 
A.H. Lichtman, The fatty acid amide hydrolase (FAAH) inhibitor PF-3845 acts in the nervous system to 
reverse LPS-induced tactile allodynia in mice, Br J Pharmacol, 165 (2012) 2485-2496. 
[32] P.S. Naidu, S.G. Kinsey, T.L. Guo, B.F. Cravatt, A.H. Lichtman, Regulation of inflammatory pain by 
inhibition of fatty acid amide hydrolase, J Pharmacol Exp Ther, 334 (2010) 182-190. 
[33] D.M. Kerr, N.N. Burke, G.K. Ford, T.J. Connor, B. Harhen, L.J. Egan, D.P. Finn, M. Roche, 
Pharmacological inhibition of endocannabinoid degradation modulates the expression of 
inflammatory mediators in the hypothalamus following an immunological stressor, Neuroscience, 204 
(2012) 53-63. 
[34] D. Bree, O. Moriarty, C.M. O'Mahony, B. Morris, K. Bannerton, D.C. Broom, J.P. Kelly, M. Roche, 
D.P. Finn, Development and characterization of a novel, anatomically relevant rat model of acute 
postoperative pain, J Pain, 16 (2015) 421-435 e421-426. 
[35] D. Bree, O. Moriarty, D.C. Broom, J.P. Kelly, M. Roche, D.P. Finn, Characterization of the Affective 
Component of Acute Postoperative Pain Associated with a Novel Rat Model of Inguinal Hernia Repair 
Pain, CNS neuroscience & therapeutics, 22 (2016) 146-153. 
[36] N.N. Burke, E. Geoghegan, D.M. Kerr, O. Moriarty, D.P. Finn, M. Roche, Altered neuropathic pain 
behaviour in a rat model of depression is associated with changes in inflammatory gene expression in 
the amygdala, Genes, brain, and behavior, 12 (2013) 705-713. 
[37] N.N. Burke, D.M. Kerr, O. Moriarty, D.P. Finn, M. Roche, Minocycline modulates neuropathic pain 
behaviour and cortical M1-M2 microglial gene expression in a rat model of depression, Brain, 
behavior, and immunity, 42 (2014) 147-156. 
[38] N.N. Burke, E. Hayes, P. Calpin, D.M. Kerr, O. Moriarty, D.P. Finn, M. Roche, Enhanced nociceptive 
responding in two rat models of depression is associated with alterations in monoamine levels in 
discrete brain regions, Neuroscience, 171 (2010) 1300-1313. 
[39] N.N. Burke, J. Coppinger, D.R. Deaver, M. Roche, D.P. Finn, J. Kelly, Sex differences and similarities 
in depressive- and anxiety-like behaviour in the Wistar-Kyoto rat, Physiol Behav, 167 (2016) 28-34. 



25 
 

[40] D.M. Kerr, L. Downey, M. Conboy, D.P. Finn, M. Roche, Alterations in the endocannabinoid system 
in the rat valproic acid model of autism, Behav Brain Res, 249 (2013) 124-132. 
[41] A.L. Bastos-Pereira, M.C. Leite, D. Fraga, A.R. Zampronio, Central mediators involved in the febrile 
response induced by polyinosinic-polycytidylic acid: lack of involvement of endothelins and substance 
P, J Neuroimmunol, 278 (2015) 100-107. 
[42] J. Davidson, H.T. Abul, A.S. Milton, D. Rotondo, Cytokines and cytokine inducers stimulate 
prostaglandin E2 entry into the brain, Pflugers Archiv : European journal of physiology, 442 (2001) 
526-533. 
[43] M. Yamato, Y. Tamura, A. Eguchi, S. Kume, Y. Miyashige, M. Nakano, Y. Watanabe, Y. Kataoka, 
Brain interleukin-1beta and the intrinsic receptor antagonist control peripheral Toll-like receptor 3-
mediated suppression of spontaneous activity in rats, PLoS One, 9 (2014) e90950. 
[44] X.P. Mei, Y. Zhou, W. Wang, J. Tang, H. Zhang, L.X. Xu, Y.Q. Li, Ketamine depresses toll-like receptor 
3 signaling in spinal microglia in a rat model of neuropathic pain, Neuro-Signals, 19 (2011) 44-53. 
[45] J.A. Stokes, M. Corr, T.L. Yaksh, Spinal toll-like receptor signaling and nociceptive processing: 
regulatory balance between TIRAP and TRIF cascades mediated by TNF and IFNbeta, Pain, 154 (2013) 
733-742. 
[46] M. Duncan, M.A. Galic, A. Wang, A.P. Chambers, D.M. McCafferty, D.M. McKay, K.A. Sharkey, Q.J. 
Pittman, Cannabinoid 1 receptors are critical for the innate immune response to TLR4 stimulation, Am 
J Physiol Regul Integr Comp Physiol, 305 (2013) R224-231. 
[47] J.E. Schlosburg, S.G. Kinsey, A.H. Lichtman, Targeting fatty acid amide hydrolase (FAAH) to treat 
pain and inflammation, The AAPS journal, 11 (2009) 39-44. 
[48] M. Salaga, M. Sobczak, J. Fichna, Inhibition of fatty acid amide hydrolase (FAAH) as a novel 
therapeutic strategy in the treatment of pain and inflammatory diseases in the gastrointestinal tract, 
European journal of pharmaceutical sciences : official journal of the European Federation for 
Pharmaceutical Sciences, 52 (2014) 173-179. 
[49] M.M. Heinricher, M.J. Neubert, M.E. Martenson, L. Goncalves, Prostaglandin E2 in the medial 
preoptic area produces hyperalgesia and activates pain-modulating circuitry in the rostral 
ventromedial medulla, Neuroscience, 128 (2004) 389-398. 
[50] M. Hosoi, T. Oka, T. Hori, Prostaglandin E receptor EP3 subtype is involved in thermal hyperalgesia 
through its actions in the preoptic hypothalamus and the diagonal band of Broca in rats, Pain, 71 
(1997) 303-311. 
[51] M. Abe, T. Oka, T. Hori, S. Takahashi, Prostanoids in the preoptic hypothalamus mediate systemic 
lipopolysaccharide-induced hyperalgesia in rats, Brain Res, 916 (2001) 41-49. 
[52] V. Micale, L. Cristino, A. Tamburella, S. Petrosino, G.M. Leggio, F. Drago, V. Di Marzo, Anxiolytic 
effects in mice of a dual blocker of fatty acid amide hydrolase and transient receptor potential vanilloid 
type-1 channels, Neuropsychopharmacology : official publication of the American College of 
Neuropsychopharmacology, 34 (2009) 593-606. 

 

 

 

 

 

 

 



26 
 

Figure Legends 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The effect of systemic administration of URB597 on poly I:C-induced changes in (a) 

temperature, (b) homecage locomotor activity (0-8hrs), (c) nocturnal locomotor activity and 

(d) body weight loss over 24hrs post poly I:C administration. Data expressed as mean ± SEM 

(n = 4-8 per group). ** p < 0.01 vs vehicle-saline-treated counterparts. ++ p < 0.01; + p < 0.05 

vs vehicle-poly I:C-treated counterparts. 
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Figure 2 The effect of systemic URB597 administration on poly I:C-induced (a, b) mechanical 

allodynia in the von Frey test and (c, d) cold allodynia in the acetone drop test at 2hrs, 4hrs, 

8hrs and 24hrs post poly I:C administration. Data expressed as mean ± SEM (n = 8-9 per 

group). ** p < 0.01; * p < 0.05  vs. vehicle-saline-treated animals. + p < 0.05 vs. vehicle-poly 

I:C-treated counterparts. BL: Baseline. 
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Figure 3 The effect of URB597 and/or poly I:C on anxiety-like behaviour and locomotor 

activity. (a) number of transition to inner arena and (b) distanced moved in the open field test 

(OFT). (c) Duration of time in open arms and  (d) distance moved in the elevated plus maze 

(EPM). Anhedonic-like behaviour was assessed by measuring (e) sucrose preference and (f) 

total fluid intake in the sucrose preference test (SPT). Stress coping behaviour was assessed as 

(g) immobility in the forced swim test (FST). Data expressed as mean ± SEM (n = 4-9 per 

group). ** p < 0.01; * p < 0.05 vs vehicle-saline-treated counterparts. ++ p < 0.01; + p < 0.05 

vs vehicle-poly I:C-treated counterparts. ## p < 0.01; # p < 0.05 vs baseline (dotted line). 
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Figure 4 The effect of URB597 and/or poly I:C on the expression (a) CD11b, (b) CD68, (c) 

MRC2 and (d) GFAP. Data expressed as mean ± SEM (n = 8-9 per group). ** p < 0.01; * p < 

0.05 vs vehicle-saline-treated counterparts. + p < 0.05 vs vehicle-poly I:C-treated counterparts. 
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Figure 5 The effect of URB597 on (a) temperature, (b) nociceptive responding in the von Frey 

test, (c) nociceptive responding in the acetone drop test and (d) anxiety-like behaviour in the 

elevated plus maze, in the absence of TLR3 stimulation. Data expressed as mean ± SEM (n = 

5-7 per group). * p < 0.05 vs vehicle-saline-treated counterparts. BL: Baseline. 
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