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Abstract

Frequency and duration of ethanol (EtOH) exposures influence the consequences of those 

experiences, with evidence building from basic science studies in rats and mice that intermittent 

alcohol access (IAA) typically produces a greater escalation of EtOH intake than more continuous 

alcohol access (CAA). IAA also better simulates human use patterns where alcohol levels 

typically clear from the body between periods of use. A variety of mechanisms have been 

proposed to contribute to the enhanced intake of EtOH induced by IAA, including a possible 

attenuation in the aversive effects of EtOH, although further studies are needed to address this and 

other possibilities. Neural differences include indications of an IAA-associated increase in NR2B 

receptors that is not evident with CAA; although little studied, alterations in other neural and 

neurotransmitter systems are evident as well. Many gaps in understanding of IAA/CAA effects 

remain. Further work is needed to characterize neural mechanisms underlying these effects, 

consequences of IAA/CAA on EtOH effects beyond intake, and the impact of stress and 

environmental variables on these differences. IAA/CAA studies to date have also largely been 

limited to males and to adult animals and hence more studies examining IAA/CAA across sex and 

age are needed. Such additional work is essential to determine unique contributors to IAA-induced 

elevations in EtOH intake that may provide important insights for development of new prevention/

intervention strategies for heavy alcohol use and abuse.
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Evidence from animal studies is mounting that exposure frequency exerts an important 

influence on the consequences of repeated ethanol (EtOH) exposure, with periodic, 

intermittent access to alcohol (IAA) inducing elevations in EtOH drinking that are often 

more pronounced than when animals are given continuous alcohol access (CAA) (e.g., 

O’Dell et al, 2004; Simms et al, 2008; Hwa et al, 2015; Spoelder et al, 2015; Kimbrough et 

al, 2017). The goal of this mini-review is to summarize these studies comparing EtOH intake 

(and other measures where possible) under CAA and IAA conditions, and consider possible 

contributors to the intake differences associated with these conditions.
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Frequency of reinforcement is known to play an important role in the motivation for a 

reinforcer. As but one example, in operant situations, reinforcers received intermittently are 

slower to extinguish than reinforcers that are continuously reinforced (e.g. Chan & Harris, 

2017). Exposure frequency has also been shown to exert major influences on escalation of 

drug intake, a phenomenon particularly well studied with stimulant drugs. For instance, 

Allain and associates (2015) cited evidence for the importance of intermittency (as well as 

the rapidity of the rise in psychostimulant levels) for inducing sensitization and increasing 

motivation to escalate drug use over time, concluding that frequency and speed may be more 

important than overall amount of drug exposure per se for inducing long-term, addictive-like 

effects. Indeed, intermittent access, though typically resulting in less overall drug exposure, 

characteristically induces more sensitization and greater escalation of intake of drugs such as 

cocaine than more continuous access procedures (e.g. Kawa et al, 2016). In such studies of 

exposure frequency effects, the emphasis has largely been on psychostimulants (e.g., Kawa 

et al, 2019), although in early work, Post (1980) reviewed evidence showing sensitization 

with intermittent exposure to a variety of drugs, with tolerance more likely to emerge upon 

continuous exposure.

Intermittent access is one of the procedures that have been used as a strategy to elevate 

EtOH consumption in rodents (see Becker, 2013). This emphasis on IAA has been based in 

part on recognition that this exposure model better emulates the episodic nature of human 

EtOH use than CAA, given that EtOH consumption in humans is typically characterized by 

complete EtOH clearance between periods of re-exposure. As but one example, a NIAAA-

funded consortium tasked with using animal models to assess effects of chronic adolescent 

EtOH exposure on later neurobehavioral function targeted IAA models tor examination due 

to greater comparability to human patterns of use (see Crews et al, 2019).

The enhancing effects of intermittency on EtOH consumption were first reported 45+ years 

ago (Wayner et al, 1972; Wise, 1973), with a dozen or so research groups now having 

reported intermittency-related elevations in EtOH intake over more continuous access (see 

Table 1). However, intermittency per se often does not induce dependency although (as 

discussed later) some procedures, including extended months of IAA access, have produced 

signs of dependency in some cases (Hopf et al,2010; Spoelder et al, 2017). Another strategy 

of particular interest is the drinking-in-the dark (DID) procedure where animals are given 2–

4 hrs. of access to EtOH (either alone or with water access as well) typically beginning 

several hrs after the onset of the dark cycle (e.g., Rhodes et al, 2005; Lesscher et,al, 2010; 

Wilcox et al, 2014; Chen et al, 2015). Repeated DID access to EtOH has been shown to be 

sufficient to induce signs of dependency (e.g., inflexible and indifferent EtOH drinking) in 

some instances (Lesscher et al, 2010). While DID has proved very useful as a model of IAA 

that produces high exposure levels, there is no seemingly comparable CAA comparison 

group. Hence, DID studies will not be a focus of this mini-review which has the goal of 

comparing and contrasting the effects of IAA and CAA per se on EtOH intake and other 

measures. Such IAA/CAA comparisons are needed to determine whether IAA effects are a 

function of amount of prior EtOH exposure or a function of intermittency per se – issues 

critical for assessing potential contributors to and consequences of intermittency for elevated 

EtOH use and potential later problematic use.
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Evidence for intermittency effects on EtOH consumption:

The results of studies comparing the effects of IAA and CAA on intake are summarized in 

Table 1. Most of these articles used voluntary 2 bottle choice (2BC) procedures either 

provided every other day (for IAA) or continuously (CAA). In all of these instances (except 

in one case where IAA and CAA were not directly compared – Priddy et al, 2017), intake of 

the IAA animals was significantly greater than that of CAA animals). Two studies used a 

within-subject design, with subjects receiving 2BC access via CAA prior to IAA (Sinclair, 

1979; Priddy et al, 2017); although these findings were consistent with cross-sectional 

studies, it is possible that exposure time-course could have contributed to these sequential 

effects. Greater intake in IAA than CAA rats was also evident in a study using much shorter, 

~ 30 min. daily test sessions where the insertion of a sipper tube was provided and 

withdrawn during 25 short sipper tube access periods (IAA-like) or was given continuously 

(CAA-like) during the session (Tomie et al, 2006). While most studies have used voluntary 

EtOH access procedures, a study using intermittent forced vapor exposure provided on a 14 

hr on/10 hr off schedule for 4 weeks was also found to induce greater EtOH consumption 

than when the vapor was provided continuously for 2 weeks (O’Dell et al, 2004). A notable 

exception to studies finding IAA/CAA differences was one negative finding where there 

were no notable differences between mice allowed EtOH access via DID for 4 hr. daily 

(more CAA-like) or only on M,W,F (more reminiscent of IAA procedures) (Crabbe et al, 

2012).

IAA/CAA effects on intake have been seen in both rats (10 of the studies listed in Table 1) 

and mice (5 of the 6 listed studies). Typically, animals were singly housed, with males and 

adults being examined. Exceptions include a study by Osterndorff-Kahanek et al, (2013) 

where only females were examined and work by Mendelez (2011) that examined both 

adolescent and adult mice and observed more pronounced IAA/CAA intake differences in 

adolescents. C57BL/6J (C57) mice and Wistar (W) rats have been the most frequently used 

in IAA/CAA intake studies, although other strains and lines have been used as well (see 

Table 1).

In studies comparing animals of different strains or lines, some strain- or line-specific 

outcomes have been reported (e.g., Rossenwasser et al, 2013). For example, Simms et al 

(2008), gave IAA rats free access to 20% EtOH on Mondays, Wednesdays, and Fridays and 

CAA rats access continuously and reported greater EtOH consumption in IAA than CAA 

animals in both Long-Evans (LE) and W rats, but not notably in EtOH-preferring (P) rats. 

There is also, however, some data suggesting the converse – i.e., that higher drinking lines or 

rodents selected for high drinking may show greater IAA/CAA intake effects than their 

lower drinking counterparts (Sinclair, 1979; Spoelder et al, 2015). Thus, despite some 

genetic differences in observed effects, collectively the available data provide compelling 

evidence that EtOH intake of animals on an IAA schedule is generally greater than on a 

CAA schedule across a variety of circumstances. It bears emphasizing, however, that 

intermittency effects are not inevitable, with the magnitude of the increases in EtOH intake 

(Rosenwasser et al, 2013) and whether such increases are evident at all (e.g., Sinclair, 1979; 

Simms et al, 2008; Crabbe et al, 2012) influenced by genotype and other factors, including 

prior stressor exposure (Hwa et al,2015).
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Moreover, it should be noted that the 2BC procedure often used in these studies does not 

typically induce signs of dependency. Intriguingly, however, under some circumstances – 

especially when IAA access was provided for an extended period of time, signs of loss of 

control over intake have been reported when indexed for example via physical signs of 

withdrawal, higher progressive ratio breakpoints for EtOH, attenuated sensitivity to quinine 

adulteration or reduced conditioned suppression of EtOH seeking -- e.g., see Vendruscolo & 

Roberts, 2014). For example, there are reports of signs of dependency emerging after 

extended (3–4 months) but not shorter (1.5–2 months) periods of intermittent access (Hopf 

et al,2010; Spoelder et al, 2017). In both the Spoelder et al (2017) study and in work by 

Augier and colleagues (2018), specific subgroups of rats were chosen for study based either 

on those that drank moderate levels of EtOH (Spoelder et al, 2017) or that chose to continue 

to self-administer EtOH at the expense of an alternative, highly rewarding reinforcer (Angier 

et al, 2018). Although these studies used orally self-administered EtOH, more typically, 

studies modeling various aspects of dependency have used forced exposure via repeated 

vapor or EtOH in the diet (e.g., see Gilpin et al, 2009), with Griffin et al (2009) finding that 

only vapor inhalation procedures resulting in sustained blood alcohol levels of >175 mg% 

were sufficient to escalate drinking. In addition to vapor models involving forced exposure, 

de Guglielmo and colleagues (2017) recently developed a voluntary vapor exposure model 

where clear signs of dependency emerged in rats allowed to intermittently self-administer 

EtOH on a schedule that escalated over time. Given that studies of dependency using vapor 

models have focused on intermittent exposure alone, they will not be discussed further in 

this mini-review comparing IAA and CAA effects.

Possible mechanisms underlying the enhanced EtOH intake induced by IAA 

relative to CAA models:

Arousal.

In one of the first articles to report intake comparisons between animals given IAA or CAA, 

Wayner and colleagues (1972) observed greater EtOH intake with intermittency; this effect, 

however, was also evident with quinine and saccharin. Increased saccharin consumption 

after intermittent exposure in rats was also reported by Pinel & Huang (1976). Intermittency-

associated increases were hypothesized by Wayner et al (1972) to be a function of 

deprivation-induced increases in arousal, given that similar elevations were also sometimes 

seen following periodic periods of food or water deprivation. Other researchers have 

reported, however, that increases in intake following intermittent exposure are specific to 

EtOH and not evident with other substances (e.g., sucaryl: Sinclair & Senter, 1968; 

saccharin: O’Dell et al, 2004) – such findings do not support a simple arousal hypothesis.

Sensitization/incentive-salience and the EtOH deprivation effect (ADE).

Sensitization has been studied most often with stimulants where intermittency has been 

reported to increase incentive salience and potentially elevate later addiction-related 

behavior. Sensitization, however, is highly unlikely to play a necessary role in the elevated 

intake in IAA animals given that EtOH intermittency effects are evident in both rats and 

mice whereas sensitization to EtOH is characteristic only of mice and not rats (e.g., Masur et 
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al, 1986; although see Hoshaw & Lewis, 2001, for a rare report of EtOH sensitization in 

male Sprague-Dawley (SD) rats).

ADE is an increase in voluntary intake of EtOH after a period of EtOH deprivation 

following a relatively long interval (weeks to months) of EtOH exposure. This effect is 

unlikely to contribute to IAA and CAA differences due to the long period of pre-deprivation 

access required to induce the ADE, the transient nature of the increase observed, and the 

emergence of this effect with both intermittent and continuous EtOH exposures (Sinclair, 

1979; Sinclair & Senter, 1968).

Acute withdrawal precipitated alterations and kindling.

Abstinence from a drug can result in an increase in reward threshold that may be evident 

even following initial drug exposure and which has been viewed as a sign of acute 

withdrawal; this increase in affective/hedonic withdrawal can elevate subsequent use and 

builds over repeated exposures (see Koob, 2015, for review). Like other drugs of abuse, this 

response also emerges with repeated episodes of withdrawal from EtOH (Schulteis & Liu, 

2006), with this escalation of withdrawal symptoms (e.g., induction of negative affect and 

induction of seizures) postulated to be akin to those produced by “kindling” (e.g., Ballenger 

& Post, 1978; Breese et al, 2005). Kindling, however, is unlikely to be related to IAA/CAA 

2BC intake differences given that kindling is associated with chronic repeated exposure and 

withdrawal from high levels of ETOH that are not characteristic of EtOH intake in 2BC 

studies. The timing of kindling and IAA is also different. Kindling after EtOH exposure 

greatest after approximately 24 hour separations between exposures whereas IAA effects are 

not restricted to this timing, with much shorter (Tomie et al, 2006) as well as longer EtOH-

free periods inducing IAA-related increases in intake (see Table 1).

Possible conditioning effects, including attenuated conditioned taste aversions (CTA).

Tomie and colleagues (2006) used intermittent or continuous access to a sipper tube 

containing EtOH, and discussed a number of possible learning-based explanations for the 

greater intake in the intermittent access rats, including Pavlovian autoshaping, schedule-

induced polydipsia and other schedule-induction procedures (see also Becker, 2013, for 

review of these and other models). In a study examining EtOH CTAs in male C3H mice 

exposed to EtOH via vapor either continuously for 64 hours or intermittently (4 sessions of 

16 hours separated by 8 hours), attenuated sensitivity to the aversive effects of EtOH was 

found to be more pronounced in intermittent than continuously exposed mice (Diaz-

Granados & Graham, 2007). They suggested that such attenuated aversive effects could 

permit/encourage the increases in EtOH preference/consumption seen with IAA. Consistent 

with this interpretation, a recent study by Crabbe and colleagues (2019) found that animals 

bred for high levels of drinking-in-the-dark (HDID) were less sensitive to the aversive 

effects of EtOH, results leading the authors to suggest that HDID mice may drink more 

EtOH in part due to an attenuation in their genetic sensitivity to EtOH’s aversive effects 

(Crabbe et al, 2019).
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Potential Neurobiological contributors to IAA/CAA differences

While a diversity of studies has examined neural changes associated with repeated EtOH 

exposure (e.g., see Becker, 2013, for review), few have included comparable IAA/CAA 

groups for examination. In the studies that have included such comparisons, the most 

prevalent neural differences seen between IAA and CAA animals are in the glutamate/

NMDA system. Indeed, alterations in glutamate neurotransmission have been consistently 

associated with the transition from moderate to heavy drinking, with a shift from 

metabotrophic to glutamate NMDA receptor-mediated effects and increases in NR2B 
receptors especially emphasized (see Goodwani et al, 2017, for discussion). Acamprosate, a 

drug with complex mechanisms of action that likely include serving as a partial glutamate 

antagonist and GABA agonist (but with actions on other systems as well), was reported to 

decrease drinking under intermitttent but not continuous conditions (Simms et al, 2008). 

Likewise, intermittent but not continuous vapor exposure was reported to increase temporal 

summation of NMDAR-mediated EPSCs in C57 male mice that was associated with an 

increase in NR2B-containing NMDARs in the ventral portion of the bed nucleus of the stria 

terminalis (vBNST), concluding that multiple withdrawals were necessary to induce 

sensitization of these vBNST receptors (Kash et al, 2009). Cell culture studies have also 

revealed effects of IAA on the NMDA receptor system. In cultured cells, NR2B receptor 

expression was increased after IAA more so than CAA, with less pronounced effects on 

GABAA receptors (Rani & Ticku, 2006). In other cell culture work, Reynolds and 

colleagues found that an NMDA antagonist blocked withdrawal-related IAA-induced 

neurotoxicity while having no effect in cultures of CAA animals (Reynolds et al, 2015).

IAA/CAA differences have been reported with other neurotransmitter systems as well. 

Different patterns of gene expression have been reported between female C57 mice exposed 

to IAA versus CAA in networks involving dopamine (DA)-related genes (e.g. DRD1; 

DRD2), although similar changes were also sometimes evident in females exposed only to 

lipopolysaccharide-induced immune activation (Osterndorff-Kahanek et al, 2013). A CRF1 
antagonist infused into the ventral tegmental nucleus or the dorsal raphe decreased EtOH 

intake in C57 male mice given IAA (2 bottle choice access every other day for 4 weeks), 

with no drug effect in CAA mice (Hwa et al, 2015; 2016). Work by Logrip et al (2015) 

focused on differences in BDNF mRNA expression after dissimilar patterns of EtOH access, 

with CAA-like daily, continuous 2 bottle-access to EtOH for 4 weeks (consumption that 

generated EtOH intakes < 80 mg%) increasing BDNF levels in dl-striatum and decreasing 

EtOH drinking. In contrast,6 weeks of daily 4 hour limited access periods (reminiscent of 

IAA) that induced blood EtOH levels >80 mg% and elevated EtOH self-administration was 

found to decrease BDNF mRNA levels in medial prefrontal cortex but had no effect in 

dorsal striatum. The differing effects of IAA and CAA in this study, of course, could be 

related at least in part to amount or frequency of exposure rather than intermittency per se. 

The opiate antagonist naltrexone was reported to suppress drinking in C57 mice when the 

drug was infused into the dorsal (but not medial) raphe of IAA but not CAA animals (Hwa 

et al, 2016).

A couple of other studies have focused on regions of the nervous system differentially 

affected by IAA and CAA. Lundqvist and colleagues (1994) gave male W rats IAA (3 g/kg 
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EtOH intraperitoneally 2 times/day for ~ 1 month) or CAA (20% EtOH in drinking water [1 

bottle only available] for ~ 1 month). In this study, only rats exposed to IAA exhibited a 

reduction in number of synapses in the CA3 region of the hippocampus (HPC), even 

though total EtOH exposure was greater in the CAA than IAA group (Lundqvist et al, 1994). 

Of course, interpretation of these data in terms of IAA/CAA differences is complicated by 

the different routes of EtOH exposure used between the groups. A cell culture study also 

observed alterations in HPC neurotoxicity in IAA but not CAA preparations, effects blocked 

by an NMDA antagonist (Reynolds et al, 2015). Riikonen and colleagues (1999) used 

M,T,Th,F (IAA) or continuous (CAA) access to 1 bottle containing EtOH, and observed a 

decrease in sympathetic neurons in the superior cervical ganglia after IAA but not CAA.

Conclusions and Implications

The evidence is compelling that intermittent exposure to EtOH often induces greater 

increases in EtOH intake and more pronounced neural alterations than relatively continuous 

exposure. These effects are seen in both rats and mice of a variety of strains/lines and have 

been most typically studied using 2BC procedures. A variety of neural differences have been 

reported, with the most definitive evidence to date in terms of alterations in the glutamate/

NMDAR system, particularly with regard to greater expression of the NR2B NMDA 

receptor subunit that has been consistently observed in intermittently relative to continuously 

exposed animals.

There are numerous gaps in our current understanding of IAA/CAA effects:

Few studies have compared IAA and CAA on behaviors other than intake.

Pohorecky and Roberts (1991) used intermittent (3 days on; 3 days off) or continuous 

intragastric infusions and observed that male, singly housed Sprague-Dawley rats given IAA 

exhibited less tolerance but greater withdrawal from EtOH than CAA. As discussed earlier, 

Diaz-Granados & Graham (2007) reported that intermittent forced vapor exposure to EtOH 

during adolescence resulted in greater attenuation of EtOH CTA than when vapor exposure 

was given continuously. Crabbe et al (2019) observed that high drinking in the dark (HDID) 

mice were less sensitive to the aversive effects of EtOH than mice from the founder stock 

that were not selected for high drinking. It is possible that these reports of attenuated CTA 

could be related to the increases in NMDA receptors associated with intermittent 

administration given that Bienkowski et al (1998) observed an inverse relationship between 

EtOH CTA and NR2B receptor activation.

In terms of non-EtOH challenge effects, social interaction deficits were reported by Wills et 

al (1999) after an IAA pattern of dietary exposure to EtOH (5 days on; 2 off – repeated 3 

times) but not CAA (diet for 15 days continuously) in both adolescent- and adult-exposed 

rats, with the deficits lasting longer after adolescent exposure. Potential cognitive differences 

between consequences of IAA and CAA can be gleaned by comparing two studies 

conducted by the Savage group (Fernandez et al, 2016; 2017). Although similar, but not 

identical measures were used across studies, comparisons across these two publications 

support the suggestion that effects of CAA (continuous forced exposure in drinking water)

(Fernandez et al, 2016) may be less pronounced than IAA (intragastric EtOH on a 2 day on, 
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2 day off schedule) (Fernandez et al, 2017) on learning and behavioral flexibility. These 

contrasting findings could, of course, be related in part to the different routes of EtOH 

administration, time of year, or other potential alterations rather than pattern of exposure per 

se, and hence interpretations drawn from comparing these two studies should be tempered 

accordingly.

More work is needed exploring mechanisms underlying IAA/CAA effects.

Studies exploring molecular, cellular and neuroanatomical alterations in specific brain 

regions are of particular importance. Little is known about the relative peak blood EtOH 

levels reached with these two types of exposure frequencies and whether this could 

potentially contribute to observed effects.

The study of consequences of IAA/CAA on EtOH effects beyond intake is limited.

One critical question that has been little explored is the extent to which differences between 

the effects of IAA versus CAA extend beyond measures of EtOH intake. As discussed 

above, this has begun to be explored, but the critical question of whether IAA might 

potentiate intake via attenuating undesired effects of EtOH (see CTA discussion above) 

and/or via increasing EtOH’s rewarding effects (and the neural substrates of these effects) 

remains to be investigated systematically.

Stressors, housing, and other environmental variables have not typically been considered.

Effects of potentially critical variables such as housing have not been systematically 

explored, with the most common procedure used in IAA/CAA studies being 2BC access 

conducted in singly housed animals (see Table 1). The latter is likely due in large part to the 

greater ease of single housing for monitoring ethanol consumption in individual animals, but 

limits interpretability to isolated animals.

Focus of the studies to date has been on males.

With few exceptions, studies examining IAA/CAA effects in rats and mice have been 

conducted in males. One exception is the study by Osterndorff-Kahanek et al (2013) 

mentioned earlier where only female mice were used. There is also a recent study where 

both male and female SD and W rats were compared for EtOH intake under IAA and CAA 

conditions (Priddy et al, 2017). As is often the case, EtOH intake of females was found to be 

greater than that of males – an effect evident in both strains with voluntary home cage access 

drinking and uninfluenced by estrous cycle. However, when work (i.e., lever pressing) was 

required for EtOH access, intake differences across sex were no longer evident. Crabbe et al 

(2012) examined both male and female, group-housed C57 and HDID mice in a DID study 

and found few IAA and CAA differences in either strain or sex.

Investigation of IAA/CAA in other than adult animals is limited.

Few articles have explored possible age-dependency of IAA/CAA effects, although 

intermittency has been suggested to be important in fetal exposure studies (see Lundqvist et 

al, 1994, for discussion) and intermittency effects have been reported to be more pronounced 

in adolescent than adult C57 mice (Melendez, 2011). There is also some initial evidence that 
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consequences of IAA and CAA may differ in the aged brain from that of the adult brain 

(Reynolds et al, 2015). Clearly more work examining the expression of intermittency effects 

throughout the lifespan is warranted.

Collectively, future studies examining these little explored areas would help determine 

contributors to intermittency-related escalations in EtOH intake exposure and their potential 

consequences for later problematic EtOH use/abuse. Such insights could be of considerable 

value in the development of new prevention and intervention strategies.
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Figure 1: 
Intake data—IAA versus CAA.
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