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The body’s internal system to control the daily rhythm of the
body’s functions (i.e., the circadian system), the body’s stress
response, and the body’s neurobiology are highly
interconnected. Thus, the rhythm of the circadian system
impacts alcohol use patterns; at the same time, alcohol drinking
also can alter circadian functions. The sensitivity of the
circadian system to alcohol may result from alcohol’s effects on
the expression of several of the clock genes that regulate
circadian function. The stress response system involves the
hypothalamus and pituitary gland in the brain and the adrenal
glands, as well as the hormones they secrete, including
corticotrophin-releasing hormone, adrenocorticotrophic
hormone, and glucocorticoids. It is controlled by brain-signaling
molecules, including endogenous opioids such as β- endorphin.
Alcohol consumption influences the activity of this system and
vice versa. Finally, interactions exist between the circadian
system, the hypothalamic–pituitary–adrenal axis, and alcohol
consumption. Thus, it seems that certain clock genes may
control functions of the stress response system and that these
interactions are affected by alcohol. K eY WorDS : Alcohol
consumption; alcohol use, abuse and dependence; alcohol and
other drug use pattern; genetics; genetic factors; circadian
system; clock genes; stress; stress response; biological
adaptation to stress; neurobiology; hypothalamic– pituitary–
adrenal axis

organism to anticipate and prepare for regular environmental changes (i.e., the day–night cycle). For example, circadian
rhythms maintain not only sleeping and feeding patterns but
also physiological processes such as body temperature, brainwave activity, hormone production, and cell regeneration.
The circadian clockwork results from the interaction of
specific clock genes, including genes known as Period (Per1,
Per2, and Per3), Clock, Bmal1, and Cryptochrome (Cry1 and Cry2),
and others.1 The activity of these genes is controlled by two
tightly coupled transcriptional and translational feedback
loops that sustain a near 24-hour periodicity of cellular activity.
Expression of these clock genes, in turn, regulates the expression of other clock-controlled genes (Ko and Takahashi 2006).
In both humans and animal models, complex bidirectional
relationships seem to exist between alcohol intake or exposure
and circadian clock systems. The impact of the circadian system
on alcohol use is shown by the fact that both preference for
and consumption of alcohol are modulated by time of day,
and studies found that genetic interactions link core circadian
clock genes with alcohol drinking (Spanagel et al. 2005a, b).
In addition, disruption of the normal circadian rhythm (i.e.,
circadian desynchronization) seems to increase the use of
alcohol, as seen in frequent travelers and rotating-shift workers,
possibly because it frequently activates the body’s stress response
(i.e., increases the allostatic load2) (Rosenwasser et al. 2010;
Trinkoff and Storr 1998). At the same time, a strong relationship seems to exist between alcohol drinking and altered
circadian functions. For example, alcohol intake can alter the
following circadian responses:
• Circadian rhythms in blood pressure, core body temperature, and hormone release in humans (Danel et al. 2009;
Devaney et al. 2003; Nakashita et al. 2009);
• Shifts in the normal circadian rhythm (i.e., circadian
phase shifting) and in the free-running period3 in mice
(Prosser et al. 2008; Seggio et al. 2009);

lcohol abuse and dependence are estimated to affect 1
in 8 adults in the United States and several hundred
million people worldwide (Grant et al. 2004). To define
at-risk populations and develop better treatments, it is important to further identify the genetic and environmental factors
that contribute to alcohol addiction. Recent evidence suggests that the body’s internal system that helps control the daily
rhythm of the body’s activities (i.e., the circadian system), the
body’s stress response system, and the body’s neurobiology
of alcohol are extensively intertwined. This article explores
some of these interactions.

• Return to a normal circadian rhythm after a disruption (i.e.,
circadian phase resetting) and nocturnal activity patterns in
hamsters (Ruby et al. 2009; Seggio et al. 2007); and
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The circadian system—or the body’s internal clock—is a
naturally present regulatory system that helps the body
maintain an approximately 24-hour cycle in biochemical,
physiological, or behavioral processes, thereby allowing the
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1

By convention, gene names in animals are written in uppercase and lowercase and italicized. Gene
names in humans are written in all caps and are italicized, whereas the acronyms for the encoded
proteins are all caps but not italicized.

2

The term allostatic load refers to the physiological consequences of chronic exposure to fluctuating
or heightened hormonal responses resulting from repeated or chronic stress.

3

Free-running period is a period that is not adjusted or entrained to the 24-hour cycle in nature or to
any artificial cycle.

• Rhythmicity in the activity of certain brain cells (i.e.,
proopiomelanocortin [POMC]4-producing neurons) in a
brain region called the hypothalamus (which is involved
in the body’s stress system) in rats (Chen et al. 2004).
Even alcohol exposure before birth can interfere with circadian systems. Thus, prenatal ethanol exposure in rats can
alter core body temperature and phase-shifting ability (SakataHaga et al. 2006); rhythmic activity of the pituitary gland
and the adrenal gland, both of which are part of the body’s
stress response system (Taylor et al. 1982); the rhythmic
release of the main stress hormone (i.e., corticosterone)
(Handa et al. 2006); immune cell rhythms (Arjona et al.
2006); and circadian expression of POMC in the hypothalamus (Chen et al. 2006).

Why Is the Body’s Circadian System So Vulnerable to
Alcohol Toxicity?
One logical explanation for the sensitivity of the circadian
system to alcohol suggests that alcohol specifically targets
one or more of the genes that regulate circadian functions.
Using different experimental designs, researchers have
demonstrated that alcohol exposure significantly alters the
expression of several core clock genes. For example, in chronic
alcohol-drinking rats, circadian expression of Per1 and Per2
is significantly disrupted in the hypothalamus (Chen et al.
2006). Likewise, prenatal alcohol exposure alters circadian
expression of Per1 and Per2 genes in the hypothalamus and
in tissues in other parts of the body in rats and mice (Arjona
et al. 2006; Chen et al. 2004; Ko and Takahashi 2006). In
addition, neonatal alcohol exposure reduces Cry1 expression
in a brain region called the suprachiasmatic nucleus and
advances the phase of the Per2 rhythm in the cerebellum and
liver (Farnell et al. 2008). In human studies, the expression
of clock genes (PER, CRY, and BMAL1) is reduced in white
blood cells of male alcoholic patients (i.e., after chronic alcohol exposure) (Huang et al. 2010), whereas alcohol drinking in
healthy males (i.e., acute exposure) increases BMAL1 expression
in these cells (Ando et al. 2010). Finally, variations of the
PER2 gene in which individual DNA building blocks are
altered (i.e., single nucleotide polymorphisms [SNPs]) are
associated with increased alcohol consumptions in male
patients (Spanagel 2005a) and adolescent boys (Comasco et
al. 2010). These observations suggest that clock genes are
targets through which alcohol may alter circadian functions.
However, in-depth molecular studies are necessary to elucidate the potential mechanisms by which alcohol directly or
indirectly affects clock gene expression and cellular functions.
4

PoMC is a precursor molecule primarily produced in and secreted by the pituitary gland but also in
the hypothalamus. PoMC subsequently can be processed in other tissues into numerous different
products, which in turn exert specific effects on the organism and play a role in a wide range of physiological processes. one of these products is adrenocorticotropic hormone (ACTH), which is produced
in the pituitary gland and is part of the body’s stress response system, the hypothalamic–pituitary–
adrenal (HPA) axis.

circadian Systems, the Stress response, and
Alcohol consumption
The Stress Response System
The circadian system also may be involved in regulating
alcohol-drinking behavior by interacting with a hormone
system called the hypothalamic–pituitary–adrenal (HPA)
axis, which plays a central role in the body’s stress response
as well as in reward mechanisms. Stress increases the production of a hormone called corticotrophin-releasing hormone
(CRH) in certain cells in a region known as the paraventricular nucleus (PVN) in the hypothalamus. The CRH then is
secreted into the blood vessels leading to the pituitary gland,
where it interacts with a specific molecule, the CRH receptor1
(CRHR1), on specific cells in the anterior pituitary. In response,
these cells begin the synthesis and release of adrenocorticotropic
hormone (ACTH) into the circulation. ACTH, in turn,
stimulates the release of glucocorticoids (i.e., corticosterone
in rats and cortisol in humans) from the outer layer (i.e., cortex)
of the adrenal glands that are located on top of the kidneys.
The glucocorticoids then act on numerous tissues throughout the organism to coordinate the body’s stress response.
However, the CRH/CRHR1 system is found not only in the
hypothalamus but also in other areas of the brain and helps
mediate the actions of the brain’s central stress response systems.
The CRH–HPA system is controlled by many brainsignaling molecules (i.e., neurotransmitters) and their receptors, including opioid peptides5 (e.g., β-endorphin [β-EP])
and their receptors. For example, in rats, the bodies of CRFproducing cells are found in the same locations of the PNV
as the fibers of β-EP–releasing cells. In another area of the
hypothalamus called the median eminence, a certain type of
opioid receptors (i.e., µ-opioid receptors [MOP-r]) is located
on the ends of CRH-releasing cells. Agents that stimulate
the activity of this receptor (i.e., MOP-r agonists) can inhibit
neurotransmitter-stimulated CRF release from the hypothalamus in vitro. Likewise, studies in living organisms found
that β-EP infusion decreased CRH release in the blood vessels
linking the hypothalamus and the pituitary (Plotsky 1991),
and morphine pretreatment prevented stress-induced HPA
activation (Zhou et al. 1999). Finally, transplantation of βEP–producing cells into the PVN suppressed HPA activation
under different conditions and normalized stress hyperresponse
in fetal alcohol-exposed rats (Boyadjieva et al. 2009). All of
these data suggest that endogenous opioids (and, by extension,
opiate drugs) have a counterregulatory effect on the stress response.
Alcohol and the Stress Response
In the central nervous system, β-EP long has been suspected
of contributing to the positive reinforcement and motivational
5

opioid peptides are short sequences of amino acids (i.e., peptides) that are naturally produced by
the body and have effects resembling those of opiate drugs. The three main classes of endogenous
opioids are endorphins, enkephalins, and dynorphins. Endorphins also are derived from PoMC, which
also is the precursor for ACTH.
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properties of several addictive substances. For example,
microinjection of this peptide to several regions of the brain’s
reward system that involves the neurotransmitter dopamine
(i.e., the mesolimbic dopamine system), such as the nucleus
accumbens, produced place preference (Bals-Kubik et al. 1993).
In addition, several studies have demonstrated that repeated
administration of alcohol, cocaine, or heroin significantly
attenuated -EP expression in various limbic areas (Jarjour
et al. 2009; Rasmussen et al. 2002; Sweep et al. 1988), supporting the notion that -EP may contribute significantly in
the development of alcohol abuse and dependence.
The stress response system also interacts with these reward
pathways. For example, the CRH/CRHR1 system can activate
mesolimbic dopaminergic pathways and increase dopaminemediated signal transmission in various parts of the mesolimbic
system, including the nucleus accumbens, amygdala, and
medial prefrontal cortex. Furthermore, elevation of plasma
corticosterone has been associated with increases in alcohol
self-administration (Fahlke et al. 1995). Finally, evidence

Figure

Conceptual framework of how the circadian genes regulating
stress-induced excess alcohol drinking. Clock genes
(Per = P, Cry = C, Bmal1 = B, and Clock = Cl) are key
components of the circadian mechanism controlling the
functions of nerve cells in the hypothalamus and pituitary
that produce two molecules important in the body’s stress
response—corticotrophin-releasing hormone (CRH) and
proopiomelanocortin (POMC). Of these clock genes, Per
might be a potential target of alcohol (indicated by a *
symbol) in CRH and POMC neurons and may control
the stress-induced propensity to consume alcohol.

NOTE: (+) = stimulatory effect; (–) = inhibitory effect.
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indicates that corticosterone directly stimulates activity of
the mesolimbic dopamine system, subsequently increasing
drug-seeking behavior (Piazza et al. 1996). Thus, stress, via
activation of the CRH–HPA circuits and/or extrahypothalamic
CRH circuits, increases mesolimbic dopamine that, in turn,
increases drug seeking in drug-treated animals. The relationship
between the stress response and the mesolimbic dopamine
system is further supported by findings that an abnormality
in POMC-mediated regulation of the HPA axis may lead to
excess alcohol drinking under stressful conditions. Finally,
consistent with animal studies demonstrating acute and
chronic effects of alcohol on the HPA axis (Koob and
Bloos 1998), studies in humans have documented HPA
axis alterations in both actively drinking and recently abstinent alcoholics (Sinha 2007; Uhart and Wand 2009).

Circadian Genes, the Stress Response, and Alcohol
Several findings have suggested that interactions exist between
the circadian system, the HPA axis, and alcohol-drinking
behavior (see the figure). For example, in animal studies,
forced-swimming and immobilization stress elevated expression
of the murine Per1 gene in CRH-positive cells of the PVN
(Takahashi et al. 2001). On the other hand, stress-related
(i.e., cortisol-induced) transcriptional activation of human
PER1 was reduced in a type of human blood cells (i.e., Blymphoblastoid cells) that carried an altered form of the
PER1 gene (i.e., the rs3027172 genotype), which has been
associated with an increased risk of alcoholism (Dong et al.
2011). Moreover, alcohol consumption can decrease Per2
expression in POMC-producing neurons in the hypothalamus (Chen et al. 2004), and certain mutations in the murine
Per2 gene interfere with alcohol’s stimulatory effect on
POMC neurons (Agapito et al. 2010) and alter the rhythmic
changes in corticosterone levels in the blood (Yang et al.
2009). Thus, it seems that the Per1 and Per2 genes may control functions of CRH- and POMC-producing neurons and
that these interactions are affected by alcohol.
It is possible that alcohol-mediated modulation of Per
genes may play a significant role in modulating HPA axis
function, which in turn may lead to an increased propensity
to drink alcohol following a stressful event. This view is supported by the recent findings by Dong and colleagues
(2011) that the presence of certain Per1 mutations increased
psychosocial stress-induced alcohol drinking in mice, increased
alcohol-drinking behavior in human adolescents following
psychosocial adversity, and reduced cortisol-induced transcriptional activation of Per1 in human B-lymphoblastoid cells.
Other recent findings, although preliminary, showed that
a certain Per2 mutation increased basal levels of plasma
corticosterone and alcohol drinking while preventing stressinduced increases in corticosterone levels and alcohol drinking
in mice (Logan et al. 2011). In this context, it is interesting
to note that mice carrying mutations in Per2, but not Per1,
display ethanol reinforcement and alcohol-seeking behavior
(Spanagel et al. 2005a; Zghoul et al. 2007).

conclusions
The studies reviewed here suggest an intricate interaction
between circadian genes, the body’s stress response, and alcohol consumption. Thus, it seems that particularly the Per1
and Per2 genes, which have a distinct influence on the HPA
axis, may control stress-induced propensity to alcohol drinking behavior. However, additional research is needed to
address this novel concept involving clock genes, stress, and
alcohol drinking. ■

FAHLKE, C.; HåRD, E.; ERIKSSoN, C.J.; ET AL. Consequence of long-term exposure to corticosterone or dexamethasone on ethanol consumption in the adrenalectomized rat, and
the effect of type I and type II corticosteroid receptor antagonists. Psychopharmacology
(Berl) 117(2):216–224, 1995. PMID: 7753970
FARNELL, y.z.; ALLEN, G.C.; NAHM, S.S.; ET AL. Neonatal alcohol exposure differentially alters
clock gene oscillations within the suprachiasmatic nucleus, cerebellum, and liver of
adult rats. Alcoholism: Clinical and Experimental Research 32(3):544–552, 2008.
PMID: 18215209
GRANT, B.F.; DAWSoN, D.A.; STINSoN, F.S. ET AL. The 12-month prevalence and trends in
DSM-IV alcohol abuse and dependence: united States, 1991-1992 and 2001-2002.
Drug and Alcohol Dependence 74: 223–234, 2004. PMID: 15194200

Financial Disclosure

HANDA, R.J.; zuLoAGA, D.G.; AND MCGIVERN, R.F. Prenatal ethanol exposure alters core
body temperature and corticosterone rhythms in adult male rats. Alcohol
41(8):567–575, 2007. PMID: 18047910

The author declares that he has no competing financial
interests.

HuANG, M.C.; Ho, C.W.; CHEN, C.H.; ET AL. Reduced expression of circadian clock genes in
male alcoholic patients. Alcoholism: Clinical and Experimental Research 34(11):1899–
1904, 2010. PMID: 20735373

references

JARJouR, S.; BAI, L.; AND GIANouLAKIS, C. Effect of acute ethanol administration on the
release of opioid peptides from the midbrain including the ventral tegmental area.
Alcoholism: Clinical and Experimental Research 33(6): 1033–1043, 2009. PMID:
19302084

AGAPITo, M.; MIAN, N.; BoyADJIEVA, N.I.; AND SARKAR, D.K. Period 2 gene deletion abolishes
ß-endorphin neuronal response to ethanol. Alcoholism: Clinical and Experimental
Research 34(9):1613–1618, 2010. PMID: 20586752

Ko, C.H., AND TAKAHASHI, J.S. Molecular components of the mammalian circadian clock.
Human Molecular Genetics 15 (Spec. No. 2):R271–R277, 2006. PMID: 16987893

ANDo, H.; uSHIJIMA, K.; KuMAzAKI, M.; et al. Associations of metabolic parameters and
ethanol consumption with messenger RNA expression of clock genes in healthy men.
Chronobiology International 27(1):194–203, 2010. PMID: 20205566
ARJoNA, A.; BoyADJIEVA, N.; KuHN, P.; AND SARKAR, D.K. Fetal ethanol exposure disrupts the
daily rhythms of splenic granzyme B, IFN-gamma, and NK cell cytotoxicity in adulthood.
Alcoholism: Clinical and Experimental Research 30(6):1039–1044, 2006. PMID:
16737463
BALS-KuBIK, R.; ABLEITNER, A.; HERz, A.; AND SHIPPENBERG, T.S. Neuroanatomical sites mediating the motivational effects of opioids as mapped by the conditioned place preference
paradigm in rats. Journal of Pharmacology and Experimental Therapeutics 264(1):
489–495, 1993. PMID: 8093731
BoyADJIEVA, N.I.; oRTIGüELA, M.; ARJoNA, A.; ET AL. ß-endorphin neuronal cell transplant
reduces corticotropin releasing hormone hyperresponse to lipopolysaccharide and
eliminates natural killer cell functional deficiencies in fetal alcohol exposed rats.
Alcoholism: Clinical and Experimental Research 33(5):931–937, 2009. PMID:
19320628
CHEN, C.P.; KuHN, P.; ADVIS, J.P.; AND SARKAR, D.K. Chronic ethanol consumption impairs
the circadian rhythm of pro-opiomelanocortin and period genes mRNA expression in
the hypothalamus of the male rat. Journal of Neurochemistry 88(6):1547–1554, 2004.
PMID: 15009656
CHEN, C.P.; KuHN, P.; ADVIS, J.P.; AND SARKAR, D.K. Prenatal ethanol exposure alters the
expression of period genes governing the circadian function of beta-endorphin neurons
in the hypothalamus. Journal of Neurochemistry 97(4):1026–1033, 2006. PMID:
16686691
CoMASCo, E.; NoRDQuIST, N.; GöKTüRK, C.; ET AL. The clock gene PER2 and sleep problems:
Association with alcohol consumption among Swedish adolescents. Upsala Journal of
Medical Sciences 115(1):41–48, 2010. PMID: 20187847
DANEL, T.; CoTTENCIN, o.; TISSERAND, L.; AND TouITou, y. Inversion of melatonin circadian
rhythm in chronic alcoholic patients during withdrawal: Preliminary study on seven
patients. Alcohol and Alcoholism 44(1):42–45, 2009. PMID: 19029096
DEVANEy, M.; GRAHAM, D.; AND GREELEy, J. Circadian variation of the acute and delayed
response to alcohol: Investigation of core body temperature variations in humans.
Pharmacology, Biochemistry, and Behavior 75(4):881–887, 2003. PMID: 12957231
DoNG, L.; BILBAo, A.; LAuCHT, M.; ET AL. Effects of the circadian rhythm gene period 1
(per1) on psychosocial stress-induced alcohol drinking. American Journal of Psychiatry
168(10):1090–1098, 2011. PMID: 21828288

KooB, G., AND BLooM, F.E. Cellular and molecular mechanisms of drug dependence.
Science 242(4879):715–723, 1998. PMID: 2903550
KoVANEN, L.; SAARIKoSKI, S.T.; HAuKKA, J.; ET AL. Circadian clock gene polymorphisms in
alcohol use disorders and alcohol consumption. Alcohol and Alcoholism
45(4):303–311, 2010. PMID: 20554694
LoGAN, R.W.; o’ CoNNELL, S.; LEVITT, D.; ET AL. The involvement of clock gene Per2 in mediating stress-induced alcohol drinking behavior in fetal-alcohol exposed mice.
Alcoholism: Clinical and Experimental Research 35:107, 2011.
NAKASHITA, M.; oHKuBo, T.; HARA, A.; ET AL. Influence of alcohol intake on circadian blood
pressure variation in Japanese men: The ohasama study. American Journal of
Hypertension 22(11):1171–1176, 2009. PMID: 19713946
PERREAu-LENz, S.; zGHouL, T.; DE FoNSECA, F.R.; ET AL. Circadian regulation of central ethanol
sensitivity by the mPer2 gene. Addiction Biology 14(3):253–259, 2009. PMID:
19523042
PIAzzA, P.V.; BARRoT, M.; RouGé-PoNT, F.; ET AL. Suppression of glucocorticoid secretion
and antipsychotic drugs have similar effects on the mesolimbic dopaminergic transmission. Proceedings of the National Academy of Sciences of the United States of America
93(26):15445–15450, 1996. PMID: 8986831
PLoTSKy, P.M. Pathways to the secretion of adrenocorticotropin: A view from the portal.
Journal of Neuroendocrinology 3(1):1–9, 1991. PMID: 19215439
PRoSSER, R.A.; MANGRuM, C.A.; AND GLASS, J.D. Acute ethanol modulates glutamatergic
and serotonergic phase shifts of the mouse circadian clock in vitro. Neuroscience
152(3):837–848, 2008. PMID: 18313227
RASMuSSEN, D.D.; BoLDT, B.M.; WILKINSoN, C.W.; AND MITToN, D.R. Chronic daily ethanol and
withdrawal: 3. Forebrain pro-opiomelanocortin gene expression and implications for
dependence, relapse, and deprivation effect. Alcoholism: Clinical and Experimental
Research 26(4):535–546, 2002. PMID: 11981131
RoSENWASSER, A.M.; CLARK, J.W.; FIXARIS, M.C.; ET AL. Effects of repeated light-dark phase
shifts on voluntary ethanol and water intake in male and female Fischer and Lewis rats.
Alcohol 44(3):229–237, 2010. PMID: 20488643
RoSENWASSER, A.M.; FECTEAu, M.E.; LoGAN, R.W.; ET AL. Circadian activity rhythms in selectively bred ethanol-preferring and nonpreferring rats. Alcohol 36(2):69–81, 2005.
PMID: 16396740
RuBy, C.L.; BRAGER, A.J.; DEPAuL, M.A.; ET AL. Chronic ethanol attenuates circadian photic
phase resetting and alters nocturnal activity patterns in the hamster. American Journal

circadian genes, the Stress Axis, and Alcoholism

365

of Physiology: Regulatory, Integrative and Comparative Physiology 297(3):R729–R737,
2009. PMID: 19553498
SAKATA-HAGA, H.; DoMINGuEz, H.D.; SEI, H.; ET AL. Alterations in circadian rhythm phase
shifting ability in rats following ethanol exposure during the third trimester brain growth
spurt. Alcoholism: Clinical and Experimental Research 30(5):899–907, 2006. PMID:
16634860
SEGGIo, J.A.; FIXARIS, M.C.; REED, J.D.; ET AL. Chronic ethanol intake alters circadian phase
shifting and free-running period in mice. Journal of Biological Rhythms 24(4):304–312,
2009. PMID: 19625732
SINHA, R. The role of stress in addiction relapse. Current Psychiatry Reports 9(5):388–
395, 2007. PMID: 17915078
SPANAGEL, R.; PENDyALA, G.; ABARCA, C.; ET AL. The clock gene Per2 influences the glutamatergic system and modulates alcohol consumption. Nature Medicine 11(1):35–42,
2005a. PMID: 15608650
SPANAGEL, R.; RoSENWASSER, A.M.; SCHuMANN, G.; AND SARKAR, D.K. Alcohol consumption and
the body’s biological clock. Alcoholism: Clinical and Experimental Research 29(8):
1550–1557, 2005b. PMID: 16156052
SWEEP, C.G.; VAN REE, J.M.; AND WIEGANT, V.M. Characterization of beta-endorphinimmunoreactivity in limbic brain structures of rats self-administering heroin or cocaine.
Neuropeptides 12(4):229–236, 1988. PMID: 2976900

TAKAHASHI, S.; yoKoTA, S.; HARA, R.; ET AL. Physical and inflammatory stressors elevate
circadian clock gene mPer1 mRNA levels in the paraventricular nucleus of the mouse.
Endocrinology 142(11):4910–4917, 2001. PMID: 11606459
TAyLoR, A.N.; BRANCH, B.J.; CooLEy-MATTHEWS, B.; AND PoLAND, R.E. Effects of maternal
ethanol consumption in rats on basal and rhythmic pituitary-adrenal function in neonatal offspring. Psychoneuroendocrinology 7(1):49–58, 1982. PMID: 7201653
TRINKoFF, A.M., AND SToRR, C.L. Work schedule characteristics and substance use in nurses. American Journal of Industrial Medicine 34(3): 266–271, 1988. PMID: 9698996
uHART, M., AND WAND, G.S. Stress, alcohol and drug interaction: An update of human
research. Addiction Biology 14(1):43–64, 2009. PMID: 18855803
yANG, S.; LIu, A.; WEIDENHAMMER, A.; ET AL. The role of mPer2 clock gene in glucocorticoid
and feeding rhythms. Endocrinology 150(5):2153–2160, 2009. PMID: 19179447
zGHouL, T.; ABARCA, C.; SANCHIS-SEGuRA, C.; ET AL. Ethanol self-administration and reinstatement of ethanol-seeking behavior in Per1(Brdm1) mutant mice. Psychopharmacology
(Berl) 190(1):13–19, 2007. PMID: 17051414
zHou, y.; SPANGLER, R.; MAGGoS, C.E.; ET AL. Hypothalamic-pituitary-adrenal activity and
pro-opiomelanocortin mRNA levels in the hypothalamus and pituitary of the rat are differentially modulated by acute intermittent morphine with or without water restriction
stress. Journal of Endocrinology 163(2):261–267, 1999. PMID: 10556776

Announcing Two New Alcohol Alerts
Number 82

NIAAA
National Institutes
of Health
ent of
U.S. Departm
Human
Health and
Services

Fetal Alcohol Spectrum Disorders: Understanding
the effects of Prenatal Alcohol exposure

t
Alcohol Aler
Numbe r 82

rders:
Spectrum Diso
Fetal Alcohol g the Effects of Prenatal
Understandinsure
Alcohol Expo
put their unborn
women drink, they
When pregnant wide range of physical, cognitive,
a
prenatal alcohol
babies at risk for
problems. In fact, e cause of birth
and behavioral
leading preventabl
exposure is the
States.
defects in the United
exposure
of heavy alcohol
ago, the effects
Nearly 40 years fetus were first recognized. And
,
developing
on the
not alcohol researchers
Jones, although alcohol syndrome or
Drs. Smith and
range
coin the term fetal
were the first to scientists have defined a broad now
FAS.1 Since then, prenatal alcohol exposure. We
as
by
that broad range
of effects caused
that fall within
refer to the disorders disorders (FASD). The following
fetal alcohol spectrum the FASD category:
under
are the disorders
tic pattern of
after
requires a characteris
prenatally and/or
s FAS—This diagnosis
ties; growth deficits,
facial abnormali nervous system abnormalities.
birth; and central
of full
signs and symptoms previous
s includes some
in the
s Partial FAS—Thi of the characteristics noted
three
FAS but not all
bullet.
This includes just
birth defects (ARBD)—
ties.
s Alcohol-related
abnormali
physical
alcohol-related

DISORDER !2.$
NEURODEVELOPMENTAL abnormalities, as well
s !LCOHOL RELATED
nervous system 1
This includes central
behavioral problems.
as cognitive and
full spectrum
research on the
explores the latest
diagnostic tools
This Alcohol Alert developmental disorders, new
ns and
of alcohol-related disorders, and promising interventio
these
that can detect
treatment options.

National Institute
Abuse
on Alcohol
sm
and Alcoholi

During
t of Alcohol Safe
Is Any Amoun
2
to drink while pregnant.
Pregnancy?
during
amount of alcohol
safe
of alcohol
There is no knowneven drinking small amounts
Studies show that

There is no
known safe
amount of
alcohol to
drink while
pregnant.

When pregnant women drink, they put their unborn babies at risk for a wide range
of physical, cognitive, and behavioral problems, which can last a lifetime. This
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It describes new diagnostic tools that may help detect these disorders and promising
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disorders to lead more productive and satisfying lives.
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Drinking too much alcohol can take a heavy toll, not only on a person’s health but
also on his or her family relationships and work or school performance. Prevention
holds the key. This Alert explores some of the most effective prevention approaches
in use today, aimed at a variety of groups—especially youth, their families, and
the communities in which they live and work.
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