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Does Alcohol Damage 
Female Brains More? 

As they begin t o  probe this question, researchers are finding surprising 
and sometimes contradictory evidence that gender matters 

In thc blockbuster film f i (~ f l i c ,  ncwly ap- 
pointed drug czar Judgc Robcrt Wakefield 
and his w i f e  Barbara argue about who 
drinks more alcohol. Thc judgc swills a 
nightly Scotch and soda to take thc cdge o f f  
his boredom at homc, whilc his wife quaffs 
at lcast thrce times as much. But thcir nasty 
spat over who drinks more bcgs a nagging 
scientific question: Docs alcohol affect the 
brains o f  mcn and womcn differently. pcr- 
haps causing even more damage to thc fc- 
male than thc malc brain? 

Thc answer has been surprisingly hard to 
pin down. despite anecdotal observations that 
womcn alcoholics suffer more severe motor 
problcms and cognitivc impairment than men 
do. Alcoholism has bccn traditionally thought 
o f  as a "malc discasc" bccause o f  its higher 
prcvalcncc among men: Thcre arc about thrcc 

female brains contribute to incrcascd 
damagc in womcn. 

"It's still controversial. but more o f  us 
arc starting to rccognizc thc likelihood that 
thc female brain is indccd more scnsitivc to 
thc dclctcrious cffccts o f  alcohol." says 
ncuroscicntist Mark Prcndcrgast o f  the 
Univcrsity o f  Kentucky. Lexington. who is 
examining thc issuc. 

cntirc brains o f  43 alcoholic rncn and 36 al- 
coholic wonicn to thosc o f  nonalcoholic 
rncn and wonicn o f  thc same agcs. The con- 
trast was startling. "AAcr rcvicwing thc first 
dozcn people. wc thought. 'Wow. thcrc's 
sonicthing hcrc.' " tlommer recalls. Alco- 
holic womcn lost about I 1.1% o f  thcir gray 
niattcr compared to healthy womcn. whcrc- 
as alcoholic men lost only about 5.6% o f  
thcir gray mattcr. Alcoholic womcn lost 
8.2'K) o f  thcir whitc mattcr vcrscs 5.3% for 
rncn. At thc same timc. the volume o f  spacc 
fillcd with CSF increascd by 24.1% in alco- 
holic womcn over hcalthy womcn. and by 
10.50/;1 in alcoholic men rclativc to thcir con- 
trols. This lattcr diffcrcnce was most striking 
in the intrahcmisphcric fissure. a gully that 
runs through thc top center o f  thc brain and 
separates its two hcmisphcrcs. Likc a stream 
that erodcs thc landscape, the fissure 
widcncd and dccpcncd in alcoholic womcn. 

In womcn as in men, 
brain shrinkagc was cvi- 
dent by thc time an alco- 
holic had reached her 
early 30s. 

Hommcr's MRI rc- 
sults. publishcd in thc 
February issuc o f  thc 
.4tnericut1 Jo11u1u1 of Ps?- 
c.l~icitt?~. arc thc first to 

timcs as many male as fcmalc alcoholics. In show that alcoholic worn- 
addition. rcsearchcrs have oftcn turned to thc cn havc rcduccd gray and 
mostly malc Vctcrans Administration hospi- white matter volumes and 
tals for their research subjects; only rcccntly correspondingly greater 
have studies been published that compare CSF volumes than hcalthy 
mcn and women. Methodological problems womcn-and that their 
arc rifc. too, especially controlling for alcohol damage is greater than 
consumption. that o f  men. Already. thc 

For these reasons. thosc scx diffcrcnccs data arc bcing challcngcd. 
that studies havc turncd up. such as in- Indeed. a study pub- 
crcascd damagc to women's livers and 
hcarts, havc bccn largely attributed to thc 
diffcrcnt ways in which men and womcn 
mctabolizc alcohol. Bccausc womcn tend to 
be smaller and have morc body fat than 
mcn-and bccause women may have less o f  
a stomach enzyme that digests alcohol- 
womcn's blood alcohol lcvcls (BALs) tend 
to bc higher aftcr imbibing thc samc amount 
as a man. Highcr cxposurc simply translates 
into more sevcrc cffccts. thc argument gocs. 

Ovcr thc past fcw years, howcvcr. rc- 
searchers have found tantalizing clucs sug- 
gesting that more is at work than higher 
BALs. Using increasingly prccisc molecular 
and brain imaging techniques. researchers 
havc been scrutinizing brains o f  both men 
and women. as well as male and female rats. 

3 From thesc studies are cmcrb' ring ncw- 
2 although somctimcs contradictory- 
8 cvidcncc that when it comes to alcohol, 

onc's scx matters. Thc findings rcinforcc thc 
E idea that, in addition to higher BALs, 0 
e biological differences bctwecn male and 

More makes less. MRI scans of the brains of alcoholic men and lishcd in the same journal 
women and controls show striking differences in brain shrinkage (fe- found dccidcd sex diffcr- 
male alcoholic, top left; male alcoholic, bottom left; controls, right). enccs-this time, sug- 

gcsting rncn are thc hard- 
"Scx diffcrcnccs in alcohol-induced cst hit. In thcir G~~ study, ncuroscicntists 

brain damagc is certainly an area that has to Edith Sullivan o f  Stanford University 
bc cxplorcd." agrees David Lovingcr. a School o f  Medicine and Adolf Pfefkrbaum 
ncurophysiologist specializing in brain dam- o f  SRI International. a rcscarch and consult- 
agc caused by alcohol at Vandcrbilt Univcr- ing firm in Mcnlo Park. California. com- 
sity in Nashville. Tcnncsscc. parcd 44 alcoholic men and 42 alcoholic 

womcn with healthy controls. Thc Califor- 
The shrinking brain nia tcam imaged a slab o f  brain. conccntrat- 
Magnetic resonance imaging (MRI) studics 
conducted in male alcoholics have consis- 
tently shown that cxccssivc alcohol con- 
sumption shrinks malc brains. particularly 
the whitc mattcr. and that there is a corre- 
sponding incrcasc in thc volumc o f  ccrcbro- 
spinal fluid (CSF). In spring 1999. psychia- 
trist Danicl Hommcr o f  thc National Insti- 
tute on Alcohol Abuse and Alcoholism in 
Bcthcsda. Maryland got a surprise when hc 
began looking for similar cffccts in fcmalcs' 
brains. Specifically, Hommcr compared the 

ing on the cortex. thc brain's outermost laycr 
and home to most o f  its gray niattcr. The im- 
ages includcd thc whitc mattcr just bclow 
and thc lateral vcntriclcs, thc largest fluid- 
fillcd spacc in the middle o f  thc brain. 

Thcy found a striking dccrcase in brain 
volunic in rncn. cspccially in the frontal 
cortex-but not in women. Thc sizc o f  thc 
vcntriclcs. however. increascd in both men 
and women to about the samc cxtcnt, Sulli- 
van says. This provided thc only hint o f  
brain shrinkagc in womcn. The rcscarchcrs 
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also found that the women who had been 
abstinent for longer periods had larger 
amounts of white matter than women who 
were more recently sober, implying as other 
studies have that brain structure and volume 
can recover, at least partially. 

"The new, contradictory results under- 
score the complexity of studying this prob- 
lem," explains clinical psychologist Terry 
Jernigan of the University of California, San 
Diego. The discrepancies could stem from 
differences in either methodology or in pa- 
tient groups, she says. In terms of methodol- 
ogy, the studies used subtly different MRI 
resolutions, leaving both research groups 
prone to different kinds of error. In addition, 
Hommer's alcoholic subjects were all re- 
cruited from an inpatient program, whereas 
the men in Sullivan's study were inpatient 
military veterans while the women were 
outpatients, and inpatients tend to have 
more severe disease than outpatients. In ad- 
dition, the participants in Hommer's study 
had been sober for just 3 weeks, while Sulli- 
van's participants had been sober for an av- 
erage of several months, allowing more time 
for brain recovery. Finally, both studies 
could have been more rigorous in control- 
ling for alcohol consumption, Jernigan says. 

The studies raise more questions than 
they answer, including possible mechanisms 
of damage in the female brain. Brain imag- 
ing studies cannot determine specific caus- 
es, only effects. Nor can human studies 
probe actual molecular changes in the brain. 
For that, researchers turn to rats. 

Molecular suspects 
At the University of Kentucky, Prendergast 
and colleague John Littleton recently identi- 
fied a molecular suspect in sex-specific 
brain damage: spermidine. Unrelated to its 
namesake, spermidine is a polyamine, a nat- 
ural substance that plays a role in cell 
growth, differentiation, and death. Produced 
in cells throughout the body, polyamines 
can modulate the functions of RNA, DNA, 
and protein synthesis. 

Studies by Peter Wilce of the University 
of Queensland in Brisbane, Australia, in 
1998 had shown that spermidine is released 
in rat brain tissue during alcohol withdraw- 
al. Wilce and colleagues also reported in the 

> journal Alcoholisnt: Clinical and Experi- 
j ntental Research that spermidine's presence 
$ is accompanied by an increase in the seizure 
a activity of neurons, in which they fire non- 
$ stop. Such seizures can kill nerve cells. 

Subsequently, Prendergast and Littleton 
$ looked for possible sex differences in this 

effect, comparing slices of the hippocampus 
from male and female rats. They first dosed 
the brain slices with alcohol and then com- 

$ pared the amount of neuronal death during 
! withdrawal, the brain's most sensitive time. 

They saw no difference between males and In a series of rat studies over the past 10 
females-until they added spermidine to the years, Rivier has found that alcohol over- 
slices. As reported in the December 2000 is- stimulates the hormonal cascade produced 
sue of the same journal, the presence of by the hypothalamic-pituitary-adrenal 
spermidine during alcohol withdrawal (h-p-a) axis far more in females than in 
caused 15% to 20% more neuron death in 
female than male rats. Prendergast and Lit- 
tleton speculate that, in living brains, nerve 
cells damaged by alcohol release spermi- 
dine as part of an intended repair process. 
But in females, the process goes haywire, 
and spermidine increases the seizure activity 
of neurons already agitated by alcohol. 

Previous research established that sper- 
midine alters the neurons' NMDA receptors 
in a way that enhances the activity of gluta- 
mate, an excitatory neurotransmitter. Upon 
binding to the NMDA receptor, glutamate 
normally opens a pore 
that allows a measured 
flow of calcium to enter 
the cell, where it con- 
tributes to an array of ac- 
tivities. But transformed 
by alcohol and, subse- 
quently, by spermidine, 
the tap stays open, allow- 
ing more and more calci- 
um to flood the neuron. 
This riptide of ions acti- - 
vates enzymes that de- r 
strov the cell. This basic 

males. One of the last hormones in the cas- 
cade is cortisol, and several studies have 
shown that the chronic release of cortisol 
can produce mild brain damage. 

Although Rivier's studies strongly sug- 
gest that hormonal differences influence al- 
cohol's effects on the brain, she cautions 
that they don't explain it entirely. When she 
removes female circulating sex steroids by 
removing the ovaries, alcohol still over- 
stimulates the h-p-a axis, although to a 
much lesser degree. 

Looking beyond the usual hormonal sus- 
pects, Leslie Devaud, a 
neuropharmacologist at 
Idaho State University in 
Pocatello, is exploring 
sexual dimorphism in 
brain circuitry and path- 
ways. "Gender differences 
in the response to alcohol 
may arise from subtle dif- 
ferences in molecular re- ] sponses," she says. 

Devaud has found 
1 initial indications of such 

molecular differences 
process takes place dur- 
ing withdrawal, causing 
cell death; now, with 
Prendergast and Little- 
ton's findings, there is 
evidence that spermidine 
exacerbates it in females. 

Fulton Crews, a phar- 
macologist specializing 
in alcohol studies at the 
University of North Car- 
olina, Chapel Hill, notes 
that the finding chal- 
lenges another presump- 
tion about alcohol and 

by studying minute 
changes in both NMDA 
and GABAA receptors in 
male and female rats. (y- 
aminobutyric acid or 
GABA is the main chem- 
ical messenger that in- 
hibits the firing of neu- 
rons, and the GABAA re- 

cold turkey. During alcohol withdrawal, ceptor plays an important 
female rat brains (top) showed 15% to role in alcohol depen- 
20% more neuron death (stained dark) dence and tolerance.) 
than male brains did when the natural Devaud found that 
compound spermidine was present. ic alcohol exposure 

predominantly wrought 
the brain: that any differential damage would changes in brain G A B A ~  receptors in male 
be due to hormonal differences in the male rats, whereas in female rats, the most pro- 
and female brains. "By putting the hip- nounced changes were in the NMDA gluta- 
pocampus in culture and taking it out of the mate receptors. But the impact of these dif- 
brain's hormonal milieu, it implies that the ferences remains a mystery. 
difference is inherent to the system," he says. Regardless of sex, the brain responds to 

Hormones with a new twist? 
Throughout her lifetime, a woman's brain 
is exposed to a more variable hormonal 
milieu than a man's brain is. But re- 
searchers have had difficulty establishing 
a definitive link between those differences 
and the brain's response to alcohol. Now, 
one hint of such differences comes in the 
work of endocrinologist Catherine Rivier 
of the Salk Institute for Biological Studies 
in San Diego. 

alcohol by trying to counteract its depressing 
effects on the central nervous svstem. De- 
vaud and others are continuing to search for 
molecular responses that vary between males 
and females as the brain attempts to compen- 
sate for the changes wrought by alcohol use. 
Says Devaud: "Big questions remain, but if 
we can identify relevant gender differences, it 
could ultimately affect how we treat alcohol 
dependence in men and women." 

-BERNICE WUETHRlCH 

Bernice Wuethrich is a writer in Washington, D.C. 
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