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IN THIS ISSUE 

Listening in on the Stress Axis 
The braio is dearlr the most complex biologi~d 

sysrem scientists can smdy. T here arc 50 b illio n 
cells. trillions of connect ions amo ng these cel ls, 
several ';neurocmnsmitters" (sm:\II molecules th:u 
transmit messages among nerve cells) . and genetic 
and hormonal comrols for the enc ire systcrn. l "ack• 
ling this is more than a lifetime occupat ion; it's the 
,vork of many lifccimcs. observes St::rnlcy \Vat.son, 
a senior ncuroscicnrist at chi..· Univasi cy of M ichi
gan. He suggests th:u sc ience is likely to need 
another 200 or 300 yc::1 rs to completdy ondcrst:rnd 
how the brain functions. 

or the UM Neuroscience Program. She sa)'s the 
brain's messages arc probahly not found in indi
vidual signals. but in the p:mcrns of complexiry in 
a host of signals. 

Aki I s:irs :i dost:r :urnlogy 10 1hc br:iin~s (unction 
is a symphony. T he syrnphony is more than any one 
ins1rument playing it's pan . even if you can pay 
:mcn 1ion tO it in preference 10 other insrrum<:nts. 
"Thl' timi ng, th(.! coincidcnc<.-of the pans, all of this 
is the 'message' of the symphony,'' she says. Like
wise. the t imirtg of ,v:wcs 
of d ifl;_.rc:n 1 signals provides 

.. \Y/e don't really know what the b rain's core 
opcr;ning sysrcrn is. T he braio is :t lot 1nore comp Ii~ 
catcd chan we thought 20 years ago,•· says \'Vatson, 
T hcophilc Raphael Professor of Ncuroscicnccs, 
professor of ps}'chialry. and associate d irector and 
research scicritist in lhc Menial Hcj_hh Research 
lnstirmc (MJ-! Rl). 

the information the brain 
receives and responds to. MHRI Turns 40 . 

\V:uson recalls rltal one of ,he early analogies 
used to describe lhc brain w:'lS th.ti o( :i tdcphonc 
~..,Yitching ccmcr. In this vi(...'\\', the brain w ~ th(· 
C("lltral n:cc.:ivcr and <lis1ribuco r of ffil'SS-ag<.~s from 
:tnd to 01her pans of the body. D:tt:t came in front 
the senses o r an o rg~n. the br~in "processed" th is 
information, and a rl'Sponsl.'or inst ruction was st.·nt 
to appropriate sites throughout the body. 

In its simplest form. rhc br:1in wasre.,;ponsiblefor 
poim-to-poi,n conununic:uion be1wee11 ir a nd lhc 
rest of lhc bodv's svstcms. Sciemists needed onlv to 
id('ntify aJI of ~he ?Ossibll.' connccdons and under, 
standing the brain's function was thtir priu. 

· sue we now know rhat it's probably a mistake to 
think of a molecule doing a single job." of match
ing single neurons or neurotransmitter moltculcs 
to individual 1:1sks conducred by the brain or 
nervous systt.·m, says \X'atson. Each nerve cell is 
more powerful than a single telephone line or 
switch, :thlc rn s<:nd :'lnd rccei,•c multiple "mes
sages .. all at the same t ime. 

"\Ve now know chat most neurons don't ha\'e jusr 
one nc11ro1r:1ns-mit1<:r. R:uhcr, each h:is rn::mr. four 
or five o r mayb,: mor<.·," ht.· says. And the m;ssagc.s 
carried br ncurotransmi1tcrs are not simple on/oli 
or res/no choices. \Vh:'lt seems to be happening is 
a .. cofnplex modulau.-d sentenceor paragraph .. com
mu nicated by cascades of neurotransmiucrs re
kascd and absorb<:d by neurons. 

·•·1·1ic secret is thccomplcxicy. l t 's what makes th(' 
brain the brain." says I luda Akil, Gardner C. 
Quanon Professor of Ncuroscienccs. professor of 
psychi:ury. M HIU research sciemist, aud dircctor 
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In studyi ng the br:tifl, 
scicmists cannot jusc sit 
back and rry to absorb the 
whole "symphony" played 
by the brain. "W,· really 
have to go back and forth, 
ur1dcrstanding the pieces 
muithe whole," s:ws Akil. 

In this isSUl' of k ('srnrcb 
News) Akil. \'\lat.son and 
thcircollcagues at the Men• 
tal Health Rl·sc:arc:h lnsti· 
1ute describe 1heir effo ns 
r<> 1.1 ndcrs-t:md one move• 
111cm of chis sym phony, a 
part neuroscientists call 
tht: stress axis. This sys1cm 
- irwolving the brain, pi• 

The Ml·ntal l·kah h Research lnstitme is a 
special place ar the University of Mich igan. T his 
ful l, the MH RI celebrates 40 years of research. In 
this issul', wt.· offer a bric:flook at the histOn' o( the 
MHRI, beginning on 1>agc 12. T he MH.Rl will 
m:i rk its fi rst four decades v,:ith a special day .. Jong 
symposium on October l3 in the RackJ1Mn Am
phitheater on the UM campus. Dist inguished 
scicn1is1s from the UM :rnd othcr i11S1itutionswill 
speak on copies in basic neuroscience, the dcvd
opmcm of biological psychiatry, and the bridge 
between t hcsc :m:::'lS o f study. The symposium will 
conclmh.· wich t:tJks about lt('ah h policy issues and 
their implications for psychiatric research. 

ruitary gland. adrenal glands. and several hor• 
moncs - is important in helping 1he body :1djus1 
lO physical and psychologic-.u stress. \Ve offer an 
ovcrvic,v of UM re.search on the stress axis and its 
currcn1 focus on idcrH ifyi11g and underst:inding 
the system's biochcrnic d, neu ronal. and gc:nctic: 
mechanisms, both in its "ready" mode and when 
responding to st ress. T his issue ·also looks a1 st ud ic.~ 
th:ll view the stress :.txis through the lcns of depres
sion, since this disorder may be due in large pan to 
:1 scrcs.s :u:is gone b:id. 

EvemuaHv, the UM sci1.:ntists would likt: to 

know much more about this important system. 
How docs the bod)• define a stimulus :is ''stressful"? 
\X1hy do some people cope well with stress. o r m 
least wi lh some stresses? ,!\1emory of past .stress and 
learning how to rcs1)onrl to srrc.,;s seem ro he 
involved, bm how docs the brain accomplish this? 
Gening to lhc.sc quesdons wi11 take time. , , perhaps 
lifec im"s of stud)'· ,-

a 



Neuroscientist Huda Aki! says 
that by looking both at the 
biological and psychological 
aspects of stress researchers hope 
to eventually explain how the 
biology of stress is linked to 
depression, mental illness, and 
possibly drug addiction. 

II 

The Stress Axis at Work 
How the Body Copes with 
Life's Challenges 

The phone rings. You answe r calmly with , 
"Hello." A voice on the li ne curtly says, "Please 
hold for the President of the United States." Hear
ing this , your heart begins to thump, your mouth 
goes dry, your mind races through all kinds of 
thoughts. "Why am I getting this call? did I do 
something? am I getting an award? are they after 
me? is it a wrong number? ... or maybe a joke!" 

In a situation like this, almost anyo ne wo uld 
experience an instant burst of brain and body ac
tivity. Behind yo ur physiological responses to the 
unexpected phone call is an important - and com
plex - neurochemical system that scientists call 
the "stress axis. " A group of University of Michi
gan researchers headquartered in the Mental Health 
Research Institute (MHRI) are exploring the stress 
axis, trying to understand how it operates and what 
happens when it fails to do its jobs properly. 

This research is probing the fundamental work
ings of rhe emotional part of the brain , regions 
where mood and thought intersect. The UM sci-

entists are attempting to figure out the workings 
of the "neurochemical circuits" involved in the 
stress axis and how external events influence their 
operation. These circuits include brain cells and 
their physical connections, as well as chemicals the 
cells release or absorb to transfer information. The 
eventual payoff of understanding the stress response 
in detail, scientists note, is the likelihood that this 
knowledge will open up new opportunities for 
treating certain mental illnesses, such as depres
sion and schizophrenia, believed to be related to 
stress axis malfunction of some kind. 

Before continuing, however, it's important to 
realize that the "stress" in stress axis in not limited 
to the kind of wear-me-down, daily aggravation of 
modern life that seems to afflict so many of us. "I 
think of stress mechanisms much more broadly 
than just responses to something upsetting. That 
is just part of what this system does," explains Huda 
Aki! , Gardner C. Quarton Professor of Neuro
sciences and a senior UM investigator in the group 
studying the stress axis. "The stress axis really can 
be thought of as doing the 'marching' between the 
needs of the body and the conditions of the out
side world it faces. " The ability of humans to cope 
with unexpected situations, both emotionally and 
physiologically, is related to the function of the 
stress axis. 

The stress system is activated when there is a 
"mismatch between what's there and what you ex
pect," adds Stanley Watson, Theophile Raphael 
Professor ofNeurosciences and a research colleague 
(and husband) of Aki!. So when you answer the 
phone expecting it to be your mother calling, and 
it turns out to be the President, the mismatch and 

. . 
surpnse may tngger a stress response. 

A large proportion of the brain's machinery is 
put into action when the stress axis is activated, 
says Warso n. "Ir has access to powerful levers. " A 
stressor can prompt the stress ax is to rake control 
of the body's carbohydrate metabolism, become 
involved in gene regulation in many parts of the 
body, and cause certain body functions to go into 
an "idle" mode so as not to sidetrack resources from 
responding to the stress at hand. 

Stress axis is the shorthand name scientists fre
quently use for this powerful system that harnesses 
regions of the brain , some glands, and several 
hormones to direct the body's response to some 
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A physiological stress or 
psychological trauma hits. 
The hypothalamus receives 
input from elsewhere in 
the brain and other organ 
systems. It responds by 
secreting a hormone, CRH. 

4 Cortisol acts on many 
systems to adjust body 
physiology, helping it cope 
with the stress. And, since 
too much cortisol causes 
problems, this hormone 
completes the loop by 
signaling the hypothalamus 
and pituitary to "turn off" 
the stress response. 
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Coping 
Stress Axis Basics 

Part One 

CRH travels to the nearby 2 
pituitary gland. The pituitary 
then secretes a hormone, 
ACTH, into the blood . 

ACTH reaches the adrenal 3 
glands, located on top of 
each kidney. In response, 
the adrenals release the 
"stress hormone," cortisol. 

II 



A large proportion of the brain's 
machinery is put into action 
when the stress axis is activated, 
says Stanley Watson (right) . It is 
such a powerful system, however, 
that the body spends considerable 
resources keeping it in check. 

a 

stressful event. The system's longer, descriptive (if 
more complica ted ) n a m e is rhe Limb ic
Hyporhalamo-Piruirary-Axis (LHPA). T his name 
identifies the main sires in the body where the stress 
response is generated: rhe limbic region and hypo
thalamus in rhe brain, and the nearby pituitary 
gland. The other major "players" in rhe axis are 
the ad renal glands, located above each kidn ey. 

The stress axis can be activated in several ways, 
includi ng many events ocher than the anxiety char 
we com monly associate with the modern usage of 
the wo rd "stress." Exposure to extreme co ld, star
vation , loss of blood pressure, hemorrhage, under
going surgery, in fec tion, serious pain , a broken 
bone, stren uous exercise, and emotional trauma 
are among rhe many "srressors" rhar can energize 
the stress axis to help rhe body cope. 

The Basics of the Stress Response 
The starring point of rhe stress response is poorly 

understood. Initially, researchers presume, some 
"understanding" of the stressor must reach the 
brain , be processed, and set the stress axis in mo
tion. The limbic region of the brain is the best can
didate as the site where rhis understanding occurs, 
bur the derails of this awareness still elude scientists. 

Information from rhe limbic region is passed to 
an adjacent part of the brain, rhe hypothalamus, 
probably by direct nerve links. The hypothalamus 
also receives input from rhe senses and major or
gans. Once alerted, rhe hypothalamus sends nerve 
messages to a cell group within itself and secretes a 
hormone, CRH (for corticorrophin releasing hor
mone). CRH enters the bloodstream for a short 
trip to the nearby pituitary gland. CRH stimulates 
rhe pituitary to release another hormone, ACTH 
(adrenocorticotrophin hormone), into rhe blood. 

ACTH then travels through rhe bloodstream to 
rhe adrenal glands, where it srimulares the produc
tion and release of the "stress hormone," cortisol. 
Cortisol travels via the blood to several sires around 
rhe body - including back to rhe brain, promot
ing some functions and inhibiting others. 

Cortisol's Power 
One of cortisol 's most important inhibitory 

functions is to "rum off" the stress response, says 
Akil. The brain and pituitary quickly respond to 
rhe presence of cortisol by shutting off C RH and 
ACTH secretion. "A great deal of the ' logic' of chis 
system involves riming of activatio n and termina
tion ," notes Aki l. 

Shurring off rhe stress axis is important, exp lains 
Warson, because cortisol , a steroid hormone with 
many phys iological effects, is a potent substance. 
The body "can't afford to have too much around. 
Ir spends considerable effort keeping co rtisol un
der control. " 

Rapid responses to stress call on cortisol and two 
other adrenal gland hormones: epinephrine (some
times called adrenalin) and norepinephrine. They 
are also given credit for rhe "fight or flight" re
sponses of quickening heart rate, rising blood pres
sure, rapid release of stored fuel for the body, and 
several other functions . How cortisol aids epineph-

rine and norepinephrine is nor fully understood. 
However, experiments have shown that if cortisol 
is absent, the acriviry of these other two adrenal 
hormones is reduced . 

If the source of stress persists for a few hours , 
one of corrisol 's major functions is to increase rhe 
supply of glucose to the brain and heart. Cortisol 
also makes sure char the needs of rhese two organs 
rake precedence over ocher needs. 

The stress hormo ne accomplishes chis by pro
moting metabol ic b reakdown of proteins from 
muscle, bones, and a few ocher tissues. The amino 
acids produced by this breakdown go to the liver 
where enzymes convert chem to glucose, a process 
called gluconeogenesis. Cortisol even stimulates rhe 
synthesis of the liver enzymes rhar convert amino 
acids to glucose. 

Because cortisol has such powerful effects, un
der no rmal circumstances its presence signals the 
hypothalamus in the brain to stop production of 
CRH. But if the source of stress persists , rhe brain 
can override cortisol 's message to shut off stress 
axis activity. Under these circumstances, Watson 
says, cortisol begins making long-lasting, and oc
casionally, permanent changes to the body. 

For example, Watson says, suppose someone re
ceives word that a family member has been in a 
car crash, bur without getting any other details. 
"Quickly, the brain releases CRH, which leads to 
ACTH release, and rhen cortisol, which in turn 
immediately begins to shut off chis cascade." 

ow, five minutes lacer, this person hears that 
rhe accident was only a fender bender and all is 
well. T h is news "removes rhe drive" for stress axis 
activity. "The body begins to make adjustments to 
bring all of these hormones back to their normal 
levels," says Watson. 

Bur, he continues, suppose the message is that 
chis family member is seriously injured and is be
ing taken to the hospital. This enhances rhe stress 
drive, and the body begins to make further adjust
ments to "ignore the cortisol feedback suppression. 
The longer this goes on , the more these changes 
become longer lasting," says Watson. 
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"We see big differences in people who have ex
perienced acute stress compared ro chronic stress," 
he says. "The [body's] machinery becomes very dif
ferent. " If rhe stress remains long enough, a per
son may develop major depression. 

Ir is rhis kind of finding, say rhe UM re earch
ers, that provides one reason ro believe that de
pression has important connections ro rhe stress 
axis, and why much research at the MHRI on this 
ropic has involved clinical studies of people with 
major depression. 

The Effects of Circadian Rhythm 
While the stress response is meant ro help the 

body cope wi th unexpected events and challenges 
ro its normal condition, Akil points our that the 
"rone," or resting state, of the stress axis is nor con
stant. "An essential feature of the stress axis is the 
fact that it exhibits circadian oscillations. " 

Over the course of each 24-hour day, the amount 
of cortisol in the blood varies, peaking in humans 
in the early morning and hitting a low point in 
rhe evening. These levels are baselines, nor the 
amounts that may be produced when exposed ro 
some stressor. 

C ircadian rhythm, which is controlled mainly 
by foo d intake, traces a person's activity over each 
24-hour day, says Akil. Research conducted at the 
MHRI has shown that basal blood levels of ACTH 
also follow a circadian rhythm, but shifted so that 
the cycle's peak and valley are reached one or two 
hours ahead of the cortisol cycle. 

The circadian cycles of cortisol and ACTH are 
"associated with changes in sensitivity and respon
siveness ro stressful stimuli ," according ro Akil. 
W hen the level of cortisol is lowest - in the 
evening - humans are "exquisitely responsive ro 
stress. " Sensitivity is also heightened for turning 
off the stress respo nse through the negative feed
back provided by rising cortisol levels. Just the 
opposite is true in the early morning: both rhe ini
tiation of stress respo nses and their termination is 
relat ively sl uggish. 

Evidence ro dare points to ires in the brain, es
pecially in the limbic Y rem ar the "rop" of the 
srre s axi , where corri ol and related reroid act 
ro mediate rhe interaction of circadian rhythm and 
the stress response, says Akil. Much remai ns ro be 
learned about the "subtle interplay" between cir
cadian rhythm and the stress axis, she adds, espe
cially as they are involved in the "intricate brain 
circuitry that controls activation and inhibition of 
stress responses. " 

Cortisol's abili ty ro turn off the stress response 
is believed ro involve rhe interaction of this hor
mone with the genetic machinery in the hypothala
mus that is responsible for controlling the synthe
sis of C RH, the first "messenger" in the stress axis 
cascade. But this control of gene activity does not 
take place fast enough ro account entirely for the 
speed with which the stress response can be regu
lated, notes Akil. 

One possibility being explored by scientists is a 
sensitivity ro the rate at which cortisol levels are 
increasing, rather than just its presence in the blood 

RESEARCH NEWS• 1995 • Number 3 

stream. How the body detects this and uses it ro 
turn off the stress response is not yet known, says 
Aki l. Messages del ivered by neurons are thought 
robe involved, as opposed ro the somewhat slower 
intervention through generic act ivity. 

Overall ay Aki!, the srress axis uses "nested 
loo ps" of neurons and chemical messengers ro pro
vide many avenues for regulating the body's re
sponse ro stress. Controls via the generic machin
ery ap pear ro "define the limits" of rhe stress 
response. Other pathways probably provide the 
various nuances of response. Many control mecha
nisms, however, remain ro be discovered. 

Genetic Controls of the Stress Response 
Mechanisms of control on the stress response at 

the gene level are the targets of M HRI researcher 
Audrey Seasholtz. An Assis tant Professor of Bio
logical Chemistry and Assistant Research Scien
tist, Seasholtz is currently focusing on two areas: 
1) the molecular mechanisms that control the gene 
respons ible fo r CRH synthesis; and 2) rhe mol
ecules that mediate the activity of CRH, its recep
rors, and the C RH binding protein. 

One basic method the body uses ro regulate the 
stress axis is ro influence the expression of impor
tant genes. Genes exist in the nucleus of cells, and 
when activated, they direct the synthesis of RNA 
molecules. These RNA molecules move out of the 
nucleus where they become the template for the 
production of protein. For C RH, the steps are: 
CRH gene • C RH RNA • CRH protein. 

Proteins and other small molecules can enter the 
nucleus of a cell and speed or slow a gene's pro
duction of RNA. Seasholtz is trying ro identify such 
substances, known generally as "second messen
gers," that influence CRH gene activity. 

Seasholtz says that likely candidates as second 
messengers include calcium ions, the stress hor
mone cortisol, and a small molecule called cyclic 

Researcher Audrey Seasholtz uses 
cells grown in culture to find 
stress axis control mechanisms at 
the gene level. 
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Photomicrograph of a single 
nerve cell. The tip of each 
tendril branch connects to 
another nerve cell. 

II 

AMP char plays a messenger role in many biologi
cal systems. In fact, she thinks char cortisol and 
cyclic AMP may work together to influence CRH 
synthesis in some cells. 

She is also looking for the proteins char mediate 
the effects of second messengers, and localize the 
specific DNA sequences where these mediarors 
exert their influence. 

CRH is synthesized in many sires around rhe 
body, nor just the hypothalamus in the brain , says 
Seasholrz. Furthermore, some mediarors appear ro 
promote CRH synthesis in some cells while the 
same molecules inhibit CRH synthesis in other 
cells. "There must be some way for the cells ro 
control chis," Seasholrz points our. Perhaps a me
diaror acts on or near the CRH gene according ro 

type of cell. 
Seasholrz follows this ba

sic scenario ro study the 
regulation of CRH gene ac
tivity, or gene expression: She 
transfers CRH "gene con
structs" into cells in culture 
in a process known as trans
fection. These foreign gene 
fragments contain DNA se
quences char may be able ro 

~ interact with mediators to 0 
(:5 activate or repress the gene 
~ 
-g chat directs CRH synthesis. 
e As she tries various combi
j nations of DNA sequences 
0 cloned from near rhe CRH 
g gene with different media
~ rors, Seasholrz forms a pic
t cure of how CRH synthesis 
~ can be controlled at the ge-
~ neric or molecular level. 
~ "We like ro perform these 

studies in cell lines so char we can rest for direct 
effects on rhe CRH gene," Seasholrz adds. T his 
removes any confusion over whether a mediaror is 
directly influencing the CRH gene or sending a 
secondary message ro rhe CRH neuron ro direct 
CRH gene expression. However, Seasholtz is al
ways cautious when interpreting her results because 
cultured cells may not exactly reproduce the be
havior of CRH-producing cells in the body. 

A little more than rwo years ago, Seasholrz be
came interested in a newly identified protein, given 
rhe name CRH binding protein for irs strong affin
ity ro CRH. ''Ar first , we thought it might be a 
variant of the CRH receptor, " she recalls. Bur her 
lab and others soon eliminated char possibility and 
began ro wonder what chis protein was doing. 

Experiments are needed ro determine when and 
where the binding protein is expressed and what 
regulates binding protein levels. Seasholrz would 
like ro know what happens ro binding protein lev
els when CRH levels increase, as when the stress 
response is activated. She wonders what role, if any, 
irs plays in depression. The answers ro these ques
tions may provide clues ro new levels of regulation 
within the stress axis, Seasholrz notes. 

"The stress axis is harder ro study than a lot of 
ocher moror or sensory systems," observes Stanley 
Warson. In part, chis is due ro relatively vague or 
generalized ourward signs of its acriviry. In humans, 
researchers moniror rhe stress axis at work by mea
suring hormone levels in the blood stream. But 
since much of rhe control involves generic direc
tion of protein synthesis, or nerve acriviry, many 
facets of the stress response are nor easily measured. 

When the Stress Response Falters 
This is where animal studies, the use of tissue 

cultures, and other biochemical and recombinant 
DNA techniques come into play. For instance, the 
UM researchers have undertaken studies of the 
aged rat. "Ir responds ro stress the same as the 
younger animal," explains Watson, but there are 
clear aberrations in how some parts of the stress 
axis operates in old age. "We get to see the work
ings of axis by rhe contrasts" in how the stress re
sponse is mediated in young and old animals. 

In addition, the MHRI scientists have under
taken clinical studies of people with major depres
sion, another way ro use dysfunction to shed light 
on the details of healthy function. (See the follow
ing article.) "We study depression because it prob
ably reflects a poorly regulated stress axis, " says 
Watson. Likewise, some studies have looked at the 
stress axis in shift workers, people whose daily cycle 
of activity changes often enough so as ro disrupt 
the normal circadian rhythm. 

"We hope that by covering this whole gamut 
and looking both at the biological and psychologi
cal aspects of stress, we'll eventually be able ro ad
dress the questio ns of how rhe biology of stress is 
linked ro depression, mental illness, possibly even 
drug addiction," says Aki!. 

A stumbling block facing this research is how to 
account for individual differences in designing ex
periments. "It is very hard to define stress in hu
mans," says Aki!. A needle prick, a math problem, 
or a driving rest might all cause stress enough for 
some studies. Bur among individuals faced with 
any of those rests there will be a range of reactions. 
Over time, their responses may change. "It really 
brings home char it's how you perceive a stress and 
how you cope char is almost at the heart of the 
matter," she says. 

This also ties into the biology of how we are 
motivated and how we learn, Aki! adds - copies 
the MHRI researchers hope to address in the fu
ture. The limbic system in the brain, thought to 
play a role in the stress axis, also has important 
duties in learning and memory. The idea that some 
people "cope" with stress better than others, or that 
an individual may have more or less difficulty deal
ing with recurring stressful events, is in part asso
ciated with the biology of how we remember past 
events or face new situations. Studies of the stress 
axis and its links with other brain functions pro
vide an opportunity for scientists to move toward 
their ultimate goal: understanding the entire op
erating system of the brain. D 
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When the Stress Axis -Goes Tilt 
Studying Mental Illness 
Provides Clues About 
the Normal Stress Response 

Whether from living through a divorce or re
covering from major surgery, the body faces seri
ous psychological or physiological challenges from 
time ro time. When these events occur, the "stress 
axis" is called on for assistance. This system in
volves a complex interaction of brain, neuronal, 
and hormonal activiry used by the body ro cope 
with stress. 

Answers ro questions about how this important 
system operates has started to emerge from the 
laboratories of scientists at the Universiry of Michi
gan Mental H ealth Research Institute (MHRI) and 
other institutions. One approach UM researchers 
have adopted is to study stress axis abnormalities 
thought to be associated with certain mental ill
nesses as well as with aging. 

"We learn by seeing where things go wrong as 
well as by studying the perfectly constructed sys
tem," explains Huda Aki! , Gardner C. Quarton 
Professor of Neurosciences. Repairing a building, 
notes Aki!, tells you more than just studying the 
completed, intact structure. Likewise, studying the 
stress axis gone awry reveals - through contras t -
important features of the normal situation. "It lets 
you see how things are put together, what pieces 
are 'hidden behind walls' ," she says. 

So ir is with certain studies of depress ion or 
schizophrenia - they !er researchers compare the 
behind-the-walls views of the normal and disrupted 
stress axis. And the more scientists understand 
about the proper function of the stress axis, rhe 
more likely that new treatment ideas will emerge. 

"A more thorough understanding of the neuronal 
systems underlyi ng stress biology and psychology 
should prove essential to an understanding of the 
biology of depression and of several other psychi
atric disorders," says Aki!. Any clues to depression 
that stress biology can provide will be especially 
useful, since this mood disorder is so common and 
recurs in many people. It afflicts about 10 percent 
of the U.S. population during any one year and 
1 7 percent of people at least once in their lifetimes. 

Depression: A Window to Stress Axis Biology 
Much evidence exists rhat depression and rhe 

stress axis are somehow linked. In about three-quar
ters of those who become depressed, some stress
ful life event - a family death, a divorce, losing a 
job, enduring a major physical injury - has oc-
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curred during the preceding several months. If the 
depression persists, these individuals begin having 
experiencing depression without any trigger event. 
One thought is that the stress axis, altered by pre
vious episodes of depression, may supply the trig
ger for subsequent depression. 

Elizabeth Young, Associate Professor of Psychia
try and Associate Research Scientist at the MHRI, 
points out that depression can be thought of as a 
"natural" response to stress. "Still, the majority of 
people who experience a stressful life event do not 
become depressed," she says. This suggests that 
some people are more vulnerable to depression than 
others, which might be rooted in differences in 
stress axis biology among individuals. It also raises 
the question of whether susceptibility to depres
sion and stress axis changes seen in depressed people 
are tied to a "gene" that expresses itself as hormonal 
abnormalities seen in depressed patients. 

More evidence supporting a link between the 
stress axis and depression is the finding that once a 
person becomes depressed, the disorder itself be
comes a source of stress. "The depressed person 
might not work as well , have difficulty concen
trating, might even lose a job or go through a di
vorce," says Young. "Impaired functioning [due to 
depression) is itself a stressor. " Depression seems 
to act as a "feed forward cascade," she says, with 
depression cau ing new suesso rs, and the stress 
possibly promoting continuing depression. 

Also uggesrive of a depression-stress axis link is 
the finding that disruptions in the stress axis often 
spawn appetite irregularities or sleep difficulties, 
problems also observed in depressed individuals. 
"We also know that high cortisol levels in an indi
vidual may cause the symptoms of depression," says 
Young, suggesting a way for stress axis abnormali
ties to increase a person's susceptibility to depres
sion in the future. 

The term "endogenous depression" was origi
nally used in psychiatry to identify depression with 
no known originating event, says Young. Now re
search has shown that people diagnosed with en
dogenous depression also exhibit the largest stress 
hormone abnormalities . "It appears that in these 
people, depression is activating the stress axis, " says 
Young, particularly by elevating the base levels of 
cortisol throughout the day. 

Elizabeth Young conducts both 
clinical and animal studies to 

. explore the Links among 
depression, sex hormones, and 
the stress axis. 
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Brain tissue from suicide 
victims, such as on this 
microscope slide, may help us 
understand how the biology of 
depressed individuals may 
differ from other individuals, 
explains Juan Lopez. 

II 

A conundrum of the stress axis-depression link 
is the uncertainty over how much an abno rmal 
stress axis causes depression or how much major 
depression precedes stress axis abnormalities. Or, 
possibly, both are true. 

These complexities have prompted UM re
searchers to study this system and its relationship 
to mental illness from many angles. "We're trying 
to put together information from many different 
systems," explains Juan Lopez, Ass istan t Professor 
of Psychiatry and M HRI Research Investigator. 
"The strength of our research group is that we ask 
questions at so many different levels. " MHRI in
vestigators build on each other's work to create a 
total picture from the basic molecular biology to 
rat studies to live patients to looking at brains of 
people who have died. 

"It's exciting doing research here," adds Audrey 
Seasholtz, Assistant Professor of Biological Chem
istry and MHRI Assistant Research Scientist. 
"There's so much opportunity to collaborate." 

Al though research has 
shown that many severely de
pressed individuals exhibit a 
"hyperactive" stress axis, the 
mechanisms that establish and 
promote this hyperactivity still 
elude scientists . There have 
been studies conducted at the 
UM and elsewhere that sug
gest the link with depression 
is due to disrupted feedback 
signals which fail to rein in the 
stress response. Other work 
points to an our-of-sync daily 
hormonal cycling, or circadian 
rhythm, as a culprit. Addi
tional research indicates that 
in depression, the original sig
nal from the limbic system 
might be scrambled, starring 
our the stress response on the 
wrong foot. 

Early on, some scientists 
proposed that high levels of 
the stress hormone cortisol 
were caused by some abnor
mality in the brain. This 
caused a defective chain of sig
nals to be passed down 
through each step of the stress 

axis - from limbic system, to hypothalamus, to 
pituitary, to the adrenal gland, where too much 
cortisol was synthesized and secreted. Bur research 
at the MHRI shows that this step-wise model over
simplifies the operation of the stress axis. Instead, 
the UM scientists found that each step is sensitive 
to signals from nearly all other steps as well as other 
external signals. Elevated cortisol, they concluded, 
could result from any number of disturbances in 
the stress response. 

When the stress response operates normally, an 
elevation of stress hormones sends messages that 
turn off the stress axis, a process known as feed
back suppression. "In depressed patients, stress hor-

mones don't seem to succeed at this," says Young. 
T his failure even occurs in some patients who are 
administered additional cortisol or related hor
mones to artificially induce feedback suppression. 

Research shows that there are least two types of 
feedback that the stress axis monitors. One is a 
high level of cortisol. The other is the rising rate of 
circulating cortisol (even if the amount of cortisol 
is low). This second type of "message" to the stress 
axis based on the rate that cortisol levels are chang
ing is referred to as "fast-feedback inhibition. " It 
handles rapid adjustments to stress axis activity. 

Animal experiments have shown that elevated 
levels of stress hormone associated with sustained 
stress can cause fast-feedback to go awry. In one 
experiment conducted by Young, rats were stressed 
with a commonly used method of forcing them to 
paddle around a small tank of water for 30 min
utes straight. Prior to the swim stress, one group 
of rats received daily stress hormone injections for 
two weeks, mimicking a chronic stress situation. 
When ACTH levels were monitored in rats given 
extra stress hormone and a control group of un
treated rats, Young found an abnormal ACTH 
profile in the stress hormone treated animals. 

Young and Aki! found that exposure to chronic 
physiological stress upset normal pituitary func
tion in the stress axis. When UM researchers looked 
at depressed patients (who generally show higher 
stress hormone levels), they found a stress axis that 
failed to respond to feedback messages under some 
conditions compared to non-depressed individu
als. What remains to be discovered is the precise 
biological mechanism by which chronic stress or 
depression disturbs feedback inhibition. 

Upsening Daily Rhythms 
Understanding brain controls over the circadian 

rhythm of stress hormones may also reveal some
thing about depression biology. A number of ex
periments show differences in stress responsiveness 
between depressed and non-depressed individuals. 

In one study, UM researchers administered in 
the evening a drug that blocked the synthesis of 
the stress hormone cortisol. Ordinarily, evening is 
when cortisol levels are at their lowest of the day. 
Not surprisingly, the drug used in this experiment 
did not cause further reductions in the stress re
sponsiveness in healthy individuals, since the stress 
axis is already at its least active. In the depressed 
subjects, however, this drug did produce detect
able hormone changes, suggesting that depression 
alters a person's circadian rhythm. 

A current project to explore circadian rhythm 
in depression involves taking a blood sample from 
individuals every 10 minutes for an entire 24-hour 
period, then measuring the hormone levels in each 
sample. Young explains that the under normal con
ditions, stress hormones are not secreted continu
ously, but in bursts. The average levels change 
gradually throughout each 24-hour period, bur 
from moment to moment, the absolute amount 
of hormone may differ greatly. 

By sampling hormone levels so frequently- 144 
times in 24 hours - the researchers hope to be 
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able to understand the details behind the seem
ingly smooth daily hormonal cycling. Young and 
her colleagues also want to know more precisely 
the rimes of day when hormone levels differ most 
in depressed and healthy individuals. 

Other clues to the operation of the stress axis 
come from studying ways that information is ini
tially received by the hypothalamus. One set of 
neurons that extend into the hypothalamus are of 
special interest because they probably play a role 
in depression. These neurons employ a neurotrans
mitter, serotonin, to carry messages. 

"We know that serotonin can affect some secre
tions in the stress axis, and we have found -rhat 
adrenal gland products [cortisol] can affect sero
tonin in the limbic system," says Juan Lopez, who 
has been involved in UM studies of serotonin. For 
example, administering drugs that stimulate sero
tonin release also produce higher levels of stress 
axis hormones, ACTH from the pituitary, and cor
tisol from the adrenal glands. 

A focus at the MHRI has been on the effects of 
stress hormones on serotonin activity. In a series 
of experiments, Stanley Warson, Theophile 
Raphael Professor of Neurosciences, and Lopez 
showed that by stimulating or inhibiting the stress 
axis in rats, it was possible to influence the pro
duction of a particular type of serotonin receptor. 
In humans, this serotonin receptor is thought to 
be involved in the regulation of mood. Their work 
found that chronic stress may cause the total num
ber of these serotonin receptors to drop to abnor
mally low levels in the brain's hippocampus. 

Serotonin is the target of antidepressant drugs 
known as specific serotonin re-uptake inhibitors 
(SSRI), such as Prozac. While this class of drugs 
has some direct effect on serotonin's role in de
pression, UM research shows that these drugs can 
inhibit the stress axis response to a stressor. This 
research fuels the idea that serotonin re-uptake 
inhibitors and some other drugs gain some of their 
antidepressant properties from causing stress hor
mone levels to decline, thereby allowing the level 
of serotonin receptors to return to normal levels. 

Depression and Sex Hormones 
Another possible key to understanding the stress 

axis-depression relationship is through the study 
of the influence of sex hormones on the stress re
sponse. Epidemiological research shows women are 
about twice as susceptible to depression as men. 
Elizabeth Young is conducting research aimed at 
answering whether female sex hormones make 
women more vulnerable to stress-related abnor
malities, especially in depression. 

Young is currently looking at how the sex hor
mones, estrogen and progesterone, might prevent 
the proper control of cortisol production. Past re
search suggests estrogen can effect the gene that 
controls synthesis of corticotrophin releasing hor
mone (CRH) in the hypothalamus. Other research 
indicates that progesterone can block production 
of stress hormones. 

Some ofYoung's studies are conducted using rats. 
Researchers remove the ovaries or testes - the 
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sources of sex hormones - and see how stress 
hormone levels are affected. Then, the researchers 
add back progesterone, estrogen, or testosterone 
in various amounts and at different points of the 
day to see how the stress axis responds to stress. 

In general, Young finds that the stress response 
occurs more quickly and strongly in female rats 
than in male rates, as indicated by biochemical 
markers. For example, in females, the pituitary 
gland produces higher ACTH levels more quickly 
in response to experimentally induced stress than 
in males. Female rats are also "more resistant" to 
rhe feedback signals from rising stress hormone 
levels that are meant to moderate the stress re
sponse. And if the ovaries are removed, she adds, 
the stress hormone profiles in females become more 
like those found in male rats . 

If similar sex hormone-related differences are 
discovered in humans, the higher prevalence of 
depression in women may be due in part to the 
greater "ease" with which the female stress axis can 
be disrupted. 

Another approach UM researchers are using to 
determine the effect of sex hormones on the stress 
axis has been through studies of menopause, when 
sex hormone levels begin to subside. "We find there 
are changes to stress hormone sensitivity in post
menopausal women," says Young. She recently re
ceived grant support for a clinical study of meno
pausal , depressed women to see how these two 
conditions operate on the stress axis. 

The Stress Response and Aging 
"Aging disrupts almost every level of the axis, " 

report UM scientists. Studies of the rat in old age 
is an approach MHRI researchers have been using 
to investigate the stress axis. Yet these studies show 

Animals play a key role in 
research to understand the 
workings of the brain and 
human mental illnesses. 
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James Meador- Woodruff 
investigates neurochemical 
circuits thought to be involved 
in schizophrenia. He locates the 
receptors for neurotransmitters 
such as dopamine and 
glutamate in brain tissue from 
animals and humans. 

m 

that the net stress response is about the same in 
young and old rats. It appears that aging-related 
changes in the stress response at one level are com
pensated for by changes somehow induced at neu
rochemical points further along the axis. 

In an experiment conducted at the MHRI, UM 
scientists monitored stress hormone levels in young 
and old rats around the clock. They found that 
throughout the daily circadian cycle, the hormone 
levels of young and old rats were "completely 
superimposable. " However, when they then sub
jected these same rats to stress from mild restraints, 
the older animals produced an abnormal response. 

Aki! says these results suggest that as an animal 
ages , the amounts of circulating stress hormone 
may not be as directly associated with "stress re
sponsiveness" as in younger animals. But even this 
conclusion requires qualifiers, she adds. Experi
mental results have varied depending on the type 
of stressor applied and the strain and sex of the 
rats. "The picture that emerges suggests an uneven 
pattern of dysregulation of the stress axis with age." 

It's conceivable that over an animal's life cycle, 
the stress response may be altered in steps. The 
UM researchers have conducted studies on old and 
young rats to produce data supporting this possi
bility. For instance, the overview they draw from 
their research suggests that the early disruptions 
involve secretion of transmitters and hormones. 
Later problems may stem from changes in genetic 
control of the synthesis of stress "messengers. " The 
most extreme agi ng-related change appears to be 
complete loss of input into the stress axis from the 
hippocampus region of the brain. 

Still, they point out, every change appears to be 
compensated for by a secondary change at the next 
step, leading to a new, but still fairly effective, rest
ing condition of the stress axis. Only when placed 
under certain kinds of stresses do aged rats show 
delays in recovering from the stress compared to 
young animals. 

Po rmortem Brain Studies 
Until che last few years, animal research provided 

the only practical way to examine the anatomy of 
the neurochemical circuitry chat comprises the 
stress axis. Now, however, MHRI scientists have 
gained access to the brains from deceased people, 
some of whom suffered from mental illness, such 
as depression or schizophrenia. 

Starting about five years ago, MHRI researchers 
have received brain donations with the help of the 
Veterans Administration (VA) hospital in Battle 
Creek, Michigan. Since chen, additional collabo
rations have been established with the Bronx VA 
Hospital and with St. Elizabeth's Hospital , affili
ated with the National Institute for Mental Health. 

"The mechanics of getting brains is difficult, " 
explains James Meador-Woodruff, an Associate 
Professor of Psychiatry and Associate Research Sci
entist who is involved in brain studies related to 
schizophrenia. "People don't chink of donating a 
brain like they might a kidney or cornea," espe
cially when the deceased suffered from serious 
mental illness. 

The mechanics of handling human brain tissue 
in che laboratory is exacting, adds Meador-Woo
druff. For one thing, such tissue may contain viru
lent viruses and so special containment and disin
fection procedures and equipment must be used 
to insure against any viral release. Then there are 
the rigors of preparing thin tissue slices, treating 
them with mildly radioactive chemical "labels" that 
will point out specific neurochemical features , and 
then making the photographic images of the la
beled slices for analysis. 

It has taken eight months to prepare the 30 
brains from the Bronx VA Hospital that Meador
Woodruff will examine for his schizophrenia work. 
"It cakes a significant amount of labor," he says. 
Analyzing the labeled tissue is equally daunting. 
"We have data from 50 regions of the brain, and 
tens of thousands of data points from each region." 

In the schizophrenia studies, Meador-Woodruff 
explains that he is looking at brains from three 
groups of people: 1) chose who had schizophrenia 
and received drug treatment during the year prior 
to death; 2) those with schizophrenia who had not 
been treated in the year before death, and; 3) a 
control group of non-psycho tic individuals 
matched for variables such as age, sex, and elapsed 
time from death to autopsy. This last item is im
portant for knowing chat differences in the brains 
from the groups are due to schizophrenia and not 
differences in tissue deterioration since death. 

Meador-Woodruff is trying to understand the 
causes of schizophrenia and the consequences of 
the disease for the brain, primarily by trying to 
specify the location and function of certain neu
rochemical circuits thought to be involved in this 
disease. These studies do not specifically involve 
the stress axis, but the techniques he uses and some 
regions of the brain he focuses on are also impor
tant for the stress work at MHRI. 

For some time scientists have known that the 
neurotransmitter dopamine was involved in schizo
phrenia. "All of the drugs useful in treating schizo-
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phrenia also block dopamine in various ways," says 
Meador-Woodruff. In recent years, some progress 
has been made in understanding schizophrenia 
with the identification of at least three new dopam
ine receptor types, bringing the total to five or 
more. Some of the newly identified dopamine re
ceptors are more localized, perhaps showing the 
way to the mechanisms of operation of the schizo
phrenia-related brain circuits. 

A second neurotransmitter of particular interest 
to Meador-Woodruff is glutamate. "A small, but 
growing group of researchers [including himself] 
believe that glutamate is involved in schizophre
nia," he says. Meador-Woodruff has done some 
experiments in rats looking at interactions of 
dopamine and glutamate in the brain. His human 
brain studies will also look fo r relationships be
tween these two neurotransmitters. 

"I don't think that schizophrenia will have a 
single neurotransmitter or gene as its cause," he 
says. T he apparent complexity of the disease sug
gests that no single drug or treatment will be found 
to "cure" this disease. "Successful management of 
the disease will probably come from understand
ing the neurochemical circuitry," he adds. 

UM scientis ts are also studying postmortem 
brains of suicide victims, examining neurochemi
cal circuits for markers of psychiatric illness such 
as depression. In work completed to date, says Juan 
Lopez, these studies have fo und evidence of in
creased stress axis activation in the pituitary glands 
of suicide victims compared to other individuals. 
"We're now looking at the hippocampus for re
lated changes," focusing on serotonin receptors. 

The newest member of the MHRI team study
ing the stress axis is Jon Zubieta, Assistant Profes
sor of Psychiatry and MHRI Assistant Research 
Scientist. Zubiera's initial focus will be the use of a 
noninvasive imaging technology, PET (positron 
emission tomography), to examine the brain bio
chemistry of patients experiencing depression. This 
research will permit the UM team to monitor as
pects of stress axis activity in humans that canno t 
be easily studied any other way. 

All of the research into the biology of depres
sion and other affective ill ness feeds into the cre
ation of a larger picture of the "neurochemical cir
cuits" involved in stress axis function. As their 
understanding of the normal stress response grows, 
UM researchers hope to uncover new approaches 
for treating mental illness from a stress axis that 
goes tilt. C 
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Coping 
Stress Axis Basics 
Part 2 

Hypothalamus 
The "first stop" along the stress axis and site of CRH synthesis 
in response to stress. This region of vertebrate brain is involved 
in regulation of neural and hormonal functions. 

CRH 
Abbreviation for corticotrophin releasing hormone, a peptide 
synthesized and secreted by the hypothalamus in the early 
stages of the stress response. 

Pituitary Gland 
A gland located just below the brain, adjacent to the 
hypothalamus. When CRH reaches the pituitary, this gland 
synthesizes and secretes a hormone, ACTH. 

ACTH 
Abbreviation for adrenocorticotrophin hormone, a peptide from 
the pituitary that carries the "stress response" message to the 
adrenal glands. 

Adrenal Glands 
A pair of glands fount atop the kidneys. In response to ACTH, 
the adrenals synthesize and secrete the stress hormone, 
cortisol, into the blood. 

Cortisol 
The stress hormone in humans. This steroid-type hormone can 
influence the operation of many physiological systems. 

Serotonin 
A chemica l substance, known as a neurotransmitter, used by 
neurons to carry a "message" to an adjacent neuron. 
Serotonin is a neurotransmitter implicated in depression. Its 
activity is probably influenced by the stress axis. 

Circadian Rhythm 
Pattern of body activity that occurs on an approximately 
24-hour cycle. 
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An interdisciplinary 

institute - a pioneer 

in 1955- remains 

a vital intellectual 

center for basic science 

research on the brain 

in 1995. 

Bernard Agranoff 
MHRI Director 1983-95 
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The Mental Health 
Research Institute 
Turns Forty 

In 1955, the theories of Sigmund Freud held 
American psychiatry in thrall. Researchers were 
looking for ways to put a stop to the misery of 
schizophrenia and other mental illnesses. And 
against the backdrop of the recent horrors of 
World War II , the mental health of entire societ
ies was of concern. 

That year, Raymond Waggoner, chairman of the 
UM psychiatry department, convinced the State of 
Michigan to provide $ 175,000 to create the Men
tal Health Research Institute (MHRI) at the Uni
versity of Michigan to conduct basic research on 
mental health. Waggoner, who kept an open mind 
on the causes of mental illness, believed that basic 
research offered the best opportunity for progress 
because it could lead in so many directions. He 
recruited an interdisciplinary group to the MHRI 
with the goal of"applying scientific methods to the 
study of human behavior, normal and abnormal. " 

By 1995, research at the MHRI had helped bring 
about a revolution in how we view mental illness. 
The institute was a neuroscience pioneer, using 
basic research to uncover the biological underpin
nings of mental illness . Today, schizophrenia is no 
longer viewed as a disease caused by bad mothers, 
but as the manifestation of a "broken" brain, just as 
diabetes is a result of a "broken" pancreas. 

"Our focus is neuroscience and biological psy
chiatry, " says Bernard Agranoff, the MHRI's cur
rent director. "Many [mental illnesses) appear to be 
based on molecular defects, so we are trying to 
understand basic mechanisms and solve problems 
at that level. " 

Research in recent years has emphasized the 
generic and molecular mechanisms of how the 
brain operates. Areas of research include stress 
regulatory mechanisms, how the brain develops, 
and how it falls apart through aging. Brain imaging 
technologies such as PET scanners allow investiga
tors to study the human brain at work. 

These fundamental biological considerations 
relate directly to clinical research in the UM de
partment of psychiatry, with which the MHRI is 
aligned. Clinical research has emphasized mood 
and anxiety disorders, schizophrenia, childhood 
developmental disorders and autism, geriatric psy
chiatry, and substance abuse. 

Since 1957 when the MHRI employed 40 people 
and had a state appropriation of $300,000, the 

institute has grown to its current group of 18 
senior scientists, with 136 technical and adminis
trative staff. The budget is now more than 
$7 million from state, federal, and private sources 
of support. 

Through the years , the interdisciplinary focus of 
research has narrowed. James Grier Miller, the first 
MHRI director, envisioned it as a place to study all 
levels of phenomena relating to mental health
from the cell, organ, individual, and group to 
society. His idea was to find rules of operation 
common to all these levels, a systems approach to 
behavioral science. A leading journal in this field, 
called Behavioral Science, was founded at the insti
tute. MHRI staff included biologists, psychia
trists, psychologists, and political scientists. 

Along with Miller, other founding members of 
the MHRI were Anatol Rapoport, a mathematical 
biologist; and Ralph Gerard, an eminent neuro
physiologist, credited with the discovery of the 
microelectrode. Both created new research direc
tions while at the MHRI. 

Rapoport's classic book, Fights, Games, and De
bates, published in 1960, outlines a scientific 
method of analyzing human conflict based on a 
large experiment conducted at the MHRI. Re
search subjects participated in games that allowed 
them to choose among various cooperative or 
competitive strategies. His application of math
ematical game theory to behavioral and social 
problems was of great interest to social scientists. 

Gerard was director of the laboratories at the 
MHRI and coined the term "neuroscience. " He 
led a pioneering study aimed at establishing the 
biological basis of schizophrenia. In cooperation 
with Ypsilanti State Hospital , researchers collected 
data on 200 schizophrenia patients, using many 
different biochemical, psychological, and psychi
atric measures. Analysis of these data, aided by a 
new research tool - the computer - revealed 
seven groups among the patients. Psychiatry con
tinues to try to identify biological sub-types of 
mental illnesses that might respond to different 
treatments. 

Miller left the UM in 1967, and Gardner 
Quarton, a key member of the neuroscience study 
program at Massachusetts Institute ofTechnology 
and Massachusetts General Hospital, was recruited 
as director in 1968. 
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Quarron continued the diverse approaches to 
research on mental health, and favo red studies with 
links to clinical work in psychiatry. Over the next 
decade, as neuroscience made inroads in under
standing the workings of the brain, the institute 
became increasingly involved in "wee lab" activi
ties. In the Quarron years, the MHRI became well 
known for work in the neuroendocrine basis of 
depression. 

In 1983, the directorship was turned over to the 
MHRI's own Bernard Agranoff, a renowned re
searcher on che biochemical basis of memory for
mation. Agranoff has continued to sharpen the 
inscituce's focus on molecular neuroscience. 

The current emphasis on the molecular under
pinnings of brain function has spurred MHRI 
collaborations among an array of scientists from 
traditional academic disciplines-geneticists, bio
chemists, anatomises, physiologists, pharmacolo
gists, as well as clinical investigators. Psychologists 
at the institute continue to pursue behavioral themes 
with interests in logic, games, and computers. 

A major goal of the MHRI since its inception has 
been to promote interdisciplinary research, hoping 
for "cross-ferrilizacion" of ideas and approaches . In 
the 1950s, it was a daring experiment to house 
specialises in anatomy along with neuro logists and 
physiologists, lee alone psych iacriscs, psycho logists, 
and social scientist . One critic predicted it would 
lead to "cros -scerilizacion," Agranoff recount with 
a wry smile. ow such cros -di ciplinary collabo
rations at che M H RI are commonplace, albeit 
within the limits of neuroscience, he adds . 

Agranoff says such interactions can't be forced. 
"When you hire people, you make sure they are 
comfortable with our stated goals and working in 
the environment offered by the Institute. Then you 
hope they will interact with their neighbors. " The 
success of chis strategy seems evident in the number 
of times MHRI scientists appear as co-authors on 
scientific papers. 

Throughout the inscicuce's history it has been a 
center for training future neuroscientists, psychia
trists, and behavioral scientists. It is the home of a 
mulcidisciplinary postdoctoral training program 
funded by the National Institute of Meneal Heal th 
and part of the UM interdisciplinary graduate 
program in neuroscience. Several institute senior 
scientists received their training in brain research at 
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the MHRI, and have remained or returned to 
run their own MHRI laboratories. 

Ac first , institute laboratories were scat
tered among various facilities on the medi
cal campus. In 1960, a 50,000-square-fooc 
building was completed to house the 
MHRI. In 1970, MHRI laboratories 
expanded in to the nearby, newly opened 
N euroscience Laboratory Building, 
doubling the laboratory space avail
able to MHRI investigators. 

Agranoff, who is also director of the 
Neuroscience Laboratory Building, has nurtured 
MHRI relationships with ocher researchers in chat 
facili ry. He and ocher MHRI investigators were 
instrumental in developing a PET imaging facility 
at the UM chat made possible pioneering studies to 
measure neurotransmitter receptors in human 
subjects. 

Now Agranoff is ready to step down as director. 
The MHRI will be led, in a novel arrangement, by 
co-directors Huda Aki! and Stanley Watson, rwo of 
MHRI 's premiere researchers (and a wife-husband 
team, as well. ) Currently, Aki] heads the UM 
neuroscience graduate program and Watson is the 
MHRI 's associate director. [More on their research 
is fo und elsewhere in chis iss ue of Research News.] 

Before Agranoff deparcs the director's chair, he i 
over eeing a ympo ium to commemorate 40 year 
of In ciruce hi tory. The program, which features 
wo rk by many 1HRI cienci cs, looks forward, 
rather than back. 'Tm particularly opcimi tic about 
the yo uth of the institute' members," he says. Like 
organ isms, insti tute age, Agranoff explains. Many 
young resea rchers have been recruited to che MHRI 
in recent years . Some of the enior researchers are 
younger than the insciruce itself This "young blood," 
he hopes, will keep the MHRI vigo rous for another 
40 years. "le also does wonders fo r our older scien
tists," he adds. 

"We have accomplished much, but there is much 
more left to do," Agra noff wrote recently. "As one 
millennium draws to a close and another ap
proaches, we look fo rward with excitement to new 
discoveries on how the brain works and - impor
tantly - when it malfunctions, how to restore it. " 

-Suzanne Tainter 

1995 

In its 40 years of existence, 
the Mental Health Research 
Institute has pioneered many 
research methods and 
approaches while sharpening 
its interdisciplinary focus on 
neuroscience and biological 
psychiatry. 
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Making Life Stories 
Out of Memories 

"There's a hammock that firs right out there," 
John Korre says. He points to his tree-edged back 
yard, indicating the spot where he wrote much of 
his recently published book. Ir is firring that Korre, 
a professor of psychology at the UniversityofMichi
gan-Dearborn, used this personal setting to craft a 
book that includes many of his own life stories. 

In White Gloves: How We Create Ourselves Through 
Memory (The Free Press 1995) , Korre explores the 
power of autobiographical memory. "Autobio
graphical memory is memory for the people, places, 
objects, events, and feelings that go into the story 
of your life," he says. For example, remembering 
how to drive a car is nor an autobiographical 
memory. Bur remembering the first rime you drove 
a car, a car crash you lived through, or car trips with 
your family are autobiographical memories. 

One ofKorre's own autobiographical memories 
inspired the book's ride. "There's a pair of white 
gloves that live in my memory," the book begins. "I 
can see them now, lying on top of some old 
clarinets in the cramped, dusty attic of my 
grandmother's house back in the niche where the 
roof meets the floor. " 

These are the white, leather gloves of a musician , 
Kotre's grandfather, who gave up his passion for 
music for a life of labor shoveling coal. When his 
grandfather died, leaving a fami ly to support, Kotre's 
father went to work for the same utility company. 

Korre first heard the story of the white gloves 
while recording his father's life story. It did nor 
make a great impression on him then, bur years 
later when he listened to it at a turning point in his 
life, Kotre embraced the story as one that pointed 
to where he came from, who he was, and what he 
wanted to be. To Kotre, the memory of these gloves 
symbolizes self-sacrifice and lost dreams, and it 
motivates him to keep sight of his own dreams. 

Fascinated by what people reveal about them
selves and how they view others in these self-told 
tales, Kotre began collecting life stories through 
recorded interviews. He directed an eight-year 
project that resulted in a public television series 
called Seasons of Life, which presented interviews of 
people of all ages telling stories about their lives . 
The goal of the series was to "convey a lifespan 
perspective of development," says Kotre, to show 
that development takes place not just during child
hood, bur throughout one's life. 

Interviewing people for their life stories and 
analyzing what they said led Korre to his interest in 
memory. "After hearing about all of these life 
experiences - sometimes it's a whole life story, 
sometimes it's part of one - my thoughts turned 
to, 'What is this stuff that these people are tell ing 
me? What are these memories? Are they true? Did 
the events really happen? Was the meaning that 
people now see in the stories present back then?"' 

Kotre studied the psychological research on 
autobiographical memory and then re-examined 
the life stories he had recorded over the years . "It 
was amazing to me to see how much science had 
missed [in trying to explain memory]. This is an 
old problem in psychology - to do science on 
human experience you have to close your eyes to 
some of that experience. You ask those questions 
that your scientific methods can answer. The other 
ones just fal l away." 

Korre wanted to rake a different tack in White 
Gloves. "I wanted to consume the science of auto
biographical memory, bur I also wanted to capture 
its spirit - what science often misses. I wanted to 
use concepts and examples that were close to expe
rience rather than distant from experience. " 

Kotre found other researchers with concerns 
about how memory had traditionally been studied. 
Most of the rime it had been in the context of short 
tasks such as remembering some nonsense syllables 
or number sequences. Another approach was the 
"everyday memory movement" which called for 
research subjects to remember in a natural context. 
This approach led to a fundamental change in 
thinking about memory. 

In 1980, most psychologists thought of memory 
as a machine, like a computer, where everything a 
person ever experienced in life is stored. Every 
memory is there just as it went in and all someone 
needs to do is find the right buttons to retrieve it. 

Researchers now know memory is more mal
leable. For example, Korre recounts in his book 
research on eyewitness identification. Subjects 
viewed fi lms of a car accident who were then rested 
on what they remembered. One question asked, 
"Was there broken glass?" There wasn't, bur the 
subjects would sometimes remember broken glass 
just because they were asked about it, says Kotre. 
This research helped criminal investigators under
stand that it is better to let witnesses remember on 
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their own, rather than asking questions that may 
taint their memories. 

The everyday memory and eyewitness research 
have helped to show that memory is "recons truc
tive," explains Kotre. Two kinds of in forma tion go 
into a memory. "The first is the original perception 
of the event; the second is information supplied 
after the event. With time the two become blended 
into a single memory that replaces what was origi
nally present. " 

The point of memory, says Kotre, is not to make 
an exhaustive mental archive like some videotape 
library of a person's life, but to "edit" your experi
ence so you can "view" that episode as part of your 
life story - present and future. "The neat thing 
about autobiographical memory is that it's doing 
that for you all the time. It's putting your memories 
in a form you can use. " 

Kotre describes memory as a river that changes 
with the terrain it flows through , the changing 
terrain representing the changes in life. And like a 
river, memory loses some of its contents and is 
added to periodically. 

Although this changeability of memory may 
seem a bit unsettling, Kotre sees it as potentially 
positive. From the time we begin deciding who we 
are as individuals we are able to mold our autobio
graphical memories into life stories that support 
our identity. Autobiographical memories become 
the stuff of our own "personal myth. " 

Even memories of ourselves that are inconsistent 
with our idea of who we are can be used for 
contrast. "I am so much different from that now," 
these memories say. Or they can be forgotten 
altogether. As Kotre explains, our autobiographical 
memory allows us "to make use of the past or 
recover from it. " 

Kotre describes in White Gloves a study that 
located 300 people who had received psychological 
treatment as children. The researchers found that 
those whose lives were now well adjusted had little 
memory of their troubled ch ildhood, but that 
those who were still having trouble tended to 
remember their early problems. 

ome therapists use th is malleability of memory 
in a process called "memory repair. " The patient 
recalls a painful autobiographical memory and the 
therapist helps the patient create a new image of 
what they wish had taken place. 

Because painful memories leave deep scars, 
memory repair cannot completely erase an original 
memory. But it can ease some of the pain associated 
with that memory, Kotre says. "In some ways the 
emotion attached to rhe memory may change, may 
be lessened. You may see new meaning in it, and 
that's a change, and because of rhar you might 
remember different derails or remember them in 
different ways. " 

Kotre stresses he is nor saying most memories are 
fantasies. As he writes in White Gloves, there are two 
sides to memory. The myrhmaker is the side rhar 
rakes our memory's records and fashions stories out 
of them. "It seeks to know the truth and generate 
conviction about the self, about who I am. " But rhe 
other side of memory is "rhe keeper of the ar-
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chives." This side works at "guarding rhe original 
records and trying to keep them pristine. " 

"The mind is doing both at the same rime_," says 
Kotre. For example, a memory from infancy may 
be based on a factual event that was told to you later 
in life , and the archive-keeper side of memo ry 
stores those facts. Bur the myrhmaker side to 
memory puts those facts into a first-person story, 
reconstructing the record as if you had always 
remembered it yourself. 

Despite knowing the benefirs of a malleable 
memory, it is likely that most of us still want to 
know whether a memory is authentic. "We do want 
to know what really happened. So much of who we 

Devices designed to aid our memory such as cameras, tape recorders, 

computers, video cameras and even writing have influenced the way 

people view memory. "No one talked about photographic memory 

before we had the camera," Kotre points out. "It's a paradox. Human 

beings create all of these things to help this memory of ours but then 

we look at the devices and say, 'Oh, that's how our memory works.' 

are is based on our memories and staked on them. 
Ir really has to do with the anchoring of the self," 
says Kotre. 

Kotre notes that human survival is dependent 
upon our ability to keep in touch with the reality of 
the past. And that there are very specific instances 
where we need to separate out as much of the myth 
as possible in order to get closest to rhe truth . 

"There are rimes, rake a case of abuse, where 
[accurate memory] matters a lot because there is 
something to be done about it. " Likewise, some 
people rry to deny the reali ty of rhe Holocaust. 
Here, too, says Kotre, "Ir matters greatly that we 
esrabli h what really happened." 

Bur, Kotre writes, the myrhmaker that helps 
create ou r life stories i necessary fo r mental heal th . 
Ir is the part of memory that "gives the self strength 
as ir looks to the future and interp rets the past. " 

Kotre himself is unconcerned about whether 
personal stories are real or not. "My slant is, how 
does memory speak about you?" He leans back in 
his chair, crosses his arms and smiles, "I picture my 
old age as being filled with memories and fantasies 
and I won't give a rip which is which." 

-Jamie Saville 

john Kotre 
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POET'S MANUSCRIPTS EXAMINED 
WITH NUCLEAR POWER 

The manuscripts of 17th-century poet 
John Donne are being examined with the 
help of nuclear power, by University of 
Michigan-Dearborn researcher Ted-Larry 
Pebworth. The Michigan Memorial-Phoe
nix Project is employing low-energy car
bon-14 isotopes to make images of the 
watermarks in the Donne manuscripts for 
Pebworth to study. 

Having examined the watermarks in 
seventy-six manuscripts, Pebworth is trac
ing their origin and dates by comparing 
them with other watermarks of the period. 

"My goal is to date the individual 
manuscripts more precisely than has so far 
been possible, and to place each manu
script more exactly within the various cir
cles of admirers who collected and tran
scribed Donne's poetry during his 
lifetime," according to Pebworth. 

The exact publishing dates are extremely 
important for scholars. Donne published 
very little of his poetry during his lifetime, 
and the posthumous printings of his col
lected poems are riddled with inaccuracies. 
Pebworth will use his findings to establish 
a scholarly edition of Donne's poetry. 

By comparing the Donne manuscript 
watermarks with the watermarks of other 
period works, Pebworth will be able to 
place each manuscript in its proper milieu. 
If rwo manuscripts bear the exact same 
watermarks, it is likely they were created 
close to one another in time and place. 

Beginning in the 13th century, Europe
an paper mills identified their products 
with marks impressed onto the paper with 
molds shaped to create designs such as 
shields, dragons and hunting horns . 

In Donne's era, the molds had an aver
age life of six months or le s; therefore, all 
of the paper with identical watermarks was 
made in a short time. 

Since the 1950s, researchers have used a 
process known as beta-radiography to pho
tograph watermarks without damaging the 
paper or its text. A plastic sheet impregnat
ed with a carbon-14 isotope is placed on 
one side of the watermark and x-ray film 
on the other. After 10 minutes of expo
sure, the film is removed, developed, and 
printed. This imaging process also allows 
scholars to examine sections of a water
mark obscured by ink and to measure a 
paper's thickness. 
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Pebworth plans to identi fy, photograph, 
and study the watermarks of the remai ning 
Donne-manuscripts and publish reproduc
tions of all the watermarks, providing oth
er scholars with an important reference to 
Renaissance watermarks. 

SMOKING AMONG TEENAGERS 
ON THE RISE 

Cigarette smoking is increasing among 
young Americans, conclude scientists at 
the University of Michigan Survey Re
search Center. This trend in included 
among the findings of their 20th national 
survey of American high school seniors, 
and their fourth national survey of eighth
and tenth-graders. 

For a decade the rate of smoking among 
high school sen iors was holding constant 
despite accumulating evidence of smok
ing's lethal effects, restrictions on cigarette 
smoking, and smoking reductions among 
adults, says Lloyd D. Johnston, the princi
pal investigator of the study. 

Johnston and colleagues Jerald Bachman 
and Patrick O'Malley have directed the 
Monitoring the Future Study of drug use 
for over 20 years , under a series of research 
grants from the National Institute on 
Drug Abuse. 

"We are now in a period of clear and 
continuing increase in cigarette smoking 
among teens. Twelfth-graders showed an 
increase in smoking which began in 1992, 
while the eighth- and tenth-graders have 
shown a steady increase since first surveyed 
in 199 1," states Johnston. "This is ex
tremely bad news for the health and lon
gevity of the next generation. " 

The proport ional increase in smoking is 

greatest among the eighth-graders. The 
daily smoking rates for 8th-, 10th- and 
12th-grade students in 1994 are 9 percent, 
15 percent, and 19 percent, respectively. 

The increases in smoking are very 
broad. They are found among boys and 
girls and at all socioeconomic levels. The 
rise is seen among whites, African
Americans, and Hispanic-Americans, in all 
regions of the country, and in large cities 
as well as rural areas . 

The investigators conclude that teens 
greatly underestimate the dangers of smok
ing. Only about half the eighth-graders be
lieve smokers run a great risk of harm by 
smoking a pack or more daily. 

Also, there has been a clear weakening 
of peer norms against smoking, Johnston 
points ou r. "While the majority still say 
they disapprove of regular smoking, that 
proportion has been declining steadily 
since the early 1990s." 

The costly implications of this increase 
in adolescent smoking cannot be overesti
mated, say the investigators. "Cigarettes 
will kill far more of today's children than 
all other drugs combined, including alco
hol. But because these consequences do 
not emerge fo r a few decades , we seem to 
be much less concerned about them. If 
cigarette smoking killed quickly, like 
drunk drivi ng does, the country would be 
treating the current rates of adolescent 
smoking as an extreme emergency." 

VINCENT MASSEY NAMED 
NAS FELLOW 

Biological chemistry professor Vincent 
Massey has been named a fellow of the 
National Academy of Sciences, one of the 
highest honors awarded to American sci
entists by their peers. 

Massey conducts research on biological 
oxidation mechanisms. His discoveries in
clude the existence of a group of enzymes 
that play a significant role in the energy 
metabolism of al l mammalian and most 
bacterial cells. His research currently fo
cuses on molecular events in oxygen acti
vation caused by flavoproteins . T his work 
builds on his discovery of flavins as the 
major source of superoxide. 

Massey has been at the UM since 1963. 
He delivered the 1995 Russel Lecture. The 
annual lectureship is the highest honor the 
university gives to senior faculty. 
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Research News welcomes letters from readers. 
Send your ideas, insights, and inspirations 
to Letters, Research News, University of 
Michigan, 3003 South State, Ann Arbor, 
MI 48 109-1274. 

You can reach us by computer mail at: 
re s ear ch . news@umich . edu. 

We reserve the right to edit letters for 
length and clarity. 

To the Editor: 
I was glad to see that H olly C raig and 

Jul ie Washington are "Sorting D isorder 
from Dialect: Language Tests in Error fo r 
Some Children, say UM Researchers. " [Re
search News 1995 , No. 2) Their work 
should have immediately fo llowed up on 
what was known before the Green Road 
children's court case. In 1979, in Martin 
Luther King Junio r Elementary School 
Children v. An n Arbor School Disrrict 
Board, the expert witnesses included UM 
professors Richard Bailey, who is still 
around, Daniel Fader, and Geneva 
Smitherman. T he latter (now at Wayne 
State University) and others discuss it of
ten, such as in Tapping Potential: English 
and Language Arts for the Black Learner 
(ed. by Charlotte Brooks, published by the 
Natio nal Council of Teachers of English, 
Urbana, IL, 1985) . 

UM researchers should continue this 
work. 

Carolyn Green Hartnett 
Texas City, Texas 

The University of Michigan. as an Equal Opportunity/ 
Affirmative Acti on employer, comp li es with app li cable 
federal and state laws prohib iting discrimination, includ
ing Title IX of the Education Amendments of 1972 and 
Section 504 of the Rehabilitation Act of 1973. The Univer
sity of Michigan is committed to a policy of nondiscrimi
nation and equal opportunity for all persons regardless of 
race, sex, color, religion, creed, national origin or ances
try, age, marital status, sexual orientation, disability, or 
Vietnam-era veterans status in employment, educational 
programs and activities, or admissions. Inquiries or 

complaints may be addressed to the Director of Affirma
tive Action and Title IX/Section 504 Coordinator, 4005 
Wolverine Tower, Ann Arbor, Michiga n 48109-1281, (313) 
763-0235, TDD (313) 747-1388. UM Information Operator: 
(313) 764-1817. 
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D 
lETTERS 

MICHIGAN QUARTERLY REVIEW 
PRESENTS A SPECIAL ISSUE 

FALL 1995/ WINTER 1996 

THE MOVIES: A CENTENNIAL ISSUE 
EDITED BY LAURENCE GOLDSTEIN AND IRA KONIGSBERG 

EssAYs: Michael Anderegg on Orson Welles ; Leo Braudy on method act
ing and '50s films; Alexander Cohen on future technology; Bonnie 
Friedman on The Wizard of Oz, Tom Gunning on technologies of vision ; 
William Harrison on being a screenwriter in Hollywood; Diane Kirkpatrick 
on the use of movie materials in modern art, with a portfolio; Ira 
Konigsberg on psychoanalysis and film; Martin Marks on music in 
Casablanca and The Maltese Falcon; Arthur Miller: a memoir of the mov
ies; William Paul on the changing screen; Andrew Sarris on sound film 
and the studios ; Gaylyn Studlar on fan magazines and star persona; Alan 
West on film and opera. 

REv1Ews: Thomas Doherty on animated film; Laurence Goldstein on new 
books about masculinity and the male body in film ; Poonam Arora on 
multi -cultural cinema. 

ARCHIVAL MATERIAL: "Success," a treatment in story form by Aldous Huxley; 
an essay by H.D. on Garbo; a defense of censorship by Vachel Lindsay; 
a memoir by Samuel Marx on producing at MGM the first film about the 
atomic bomb. 

PoETRY: Tom Andrews, Margaret Atwood, Daniela Crasnaru , Lynn 
Emmanuel , David Lehman, Mordechai Geldmann, Ira Sadoff, Diann 
Blakely Shoaf, Gisela van Wysocki , Charles Webb, S. L. Wisenberg , 
David Wojahn , and others. 

F1cT10N: Kathleen de Azevedo , Laura Antillano , Jim Shepard , Eugene 
Stein, and others. 

For the two volumes of "Movies" 
send a check for $16 (includes postage and handling) to: 

Michigan Quarterly Review, 3032 Rackham Building, 
University of Michigan , Ann Arbor, Ml 48109-1070 

Web Surfers: Set Your Browsers 
Research News is now available on the World Wide Web at: 

http://www.drda.umich.edu/ovpr/Research.News/rn .html 
The magazine is part of a weal th of information abo ut research available on the Web 

fro m the Division of Research Development and Administration (DRDA) and the Office of 
the Vice President for Research (OVPR). To see what else is available, visit the D RDA and 
OYPR "home pages. " 

D RDA home page URL: http://www. drda.umich .edu/drda/main .html 
OYPR home page URL: http ://www.drda.um ich.edu/ovpr/OVPR .Menu .html 
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