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ABS’!'RACTﬂwl
The hypo amie-pituitary-adrenal (HPA) and Ssympathetic-
adranal-wedollary (SAM) systems are implicated in the human strexs
response. One charactarization of thege 8yatems ip that thay are
nonspecific in their , but differ in activation threshald and
ﬁmewme.wﬁmﬁy,thnyhmbomﬁmdmben&mdmm-
menly by streng metabolic stressars and infusions of CRH, and a
hypothesishubeendevdopedprim:ﬂyﬁum.ﬁmﬂmseamhthn
CRH stimulates bath the HPA and SAM systems.

To daterminewheﬂmcnﬂmsigniﬁmnﬂyinwhedintmicu
well s psyohologieal streag-induced catecholamine levels in man, we
infused 24 mormal male undergraduate students with either saline

(n = 12) or dexamethasone (DEX; n = 12) and avaluated their sub-
sequent plasma levels of ACTH, cortisol, epinephrine (EPT), and nor-

{(NEPD.DEX produced a dra.mahc decrease in ACTH and

Thu.mshuljmggesuﬂutthmisadiﬂ&mnceinthenmnl
pathways for tonic and stress-i stimulation of the SAM and
HPA syetermns. (J Clin Endocrinol Meigh 80: 24582463, 1995)

szss EVOKES a variety of adaptational responses, in-
cluding stimulation of the hypothalamic-pituitary-ad-

(SAM) system. In numerous animal and human studies, met-
abolic, physical, and psychological stressors activate bath of
these systems (1, 2). In our work (3-6) and that of others (7,
B), however, a more complicated picture emerges which sug-
gests that the HPA axis and the SAM axis can be differentially
stimulated by psychalogical stress. In our studies using
math, speech, examination, and marital conflict, stress stim-
ulation of the SAM axis always

(3-6). We have interpreted these data to suggest that the
threshold for stimulation of the SAM axis is lower than that
for stimulation of the HPA axis and that individual differ-
ences in neuroendocrine res nse o stress are more aften
expressed as differences in HPA activation.

We also noted that individuals whose sympathetic control
of the cardiovascular System was more reactive to siress, as
evidenced by a greater decrease in the Preejection perind,
were more likely to show activation of the HPA system,
whereas their catecholamine levels were comparable to those
in low reactors (3, 5). In these studies changes in cortisol
concentration were related to coincident changes in the im-
mune system, whereas catecholamine-immune relationships
were less likely to be found (9),
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These studies appear to conflict with a variety of animal
studies that sugpest that brain CRH-secreting neurons may
stimulate not onlytthPAastbutaIsotheSAMsystm

Also, CRH, when centrally administered, increased the firing
rate of locus ceruleus neurons, elevated central and periph-
eral lgvels of catecholamines, and increased sympathetic
cutflow (13-15). Additionally, adrenalectomy promoted im-

(16,17). Therefore, a unifyinghypothesishasbeendeveloped
that activation of CRH-contain system
neurons after robust physical and metabolic stressors could
be influencing both the HPA axis and catecholamine re-
sponses in animals.

Other investigations, however, suggest that CRH in the
central nervous system does not constitute a single system,
as gucocorticoids may have differential effects on CRH new.

Funder (7), dexamethasone (DEX) given to sheep inhibited
the EPI response to hypoglycemia, but did not alter the EPI
response to audiovi stress. This observation is surpris-
ing, in that hypoglycamia would appear to be a stronger
stress than audiovisual stress for hormonal release and sug-
gested that different pathways were operative in the SAM
and HPA responses to metabolic s, Psychological stress,
To investigate whether CRH contributes to tonic or psycho-
Jogical stress-induced catecholaming secretion, we adminis-
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psychological stressors. The study required that the stressors
stimulate hoth the HPA axis as well as the SAM system and that
the DEX dose be adequate to Suppress tonic and stress-induced
HPA secretion. These conditions would allow us to test the
hypothesis that if glucocorticoids inhibit CRH secretion, they
would also modify catecholamine responses to these daily
stressors,

Subjects and Methods
Subjects

Potential male subjects were recriited via the Ohio State University
campus newspaper. Interested participants completed a prescresning
queshionnaine, Induswnmhemuqurred that subjects I)behlso(.-\d

of the Beck depression scale (21); and 8) not be experiencing a major life
trauma (e.g. daath of a family member). Twetrty-four subjects met this
inclusionmheriamdagﬁedtobecestedatumchlnlksnmh&nm
(CRC) at the Ohio State University Hotpitals. The mean age of the
subjects was 20.29 yr (seam = 0.35). Twenty-three subjects were Cauca-
ﬂmuﬂmmAﬁhnﬂmﬁmSﬂbﬁcBW&epﬁdmm&réh
of participation.

Procedure

n\edaybefm'eﬂleira:ﬁvﬂatmedic,subjeclswereaskedml)
t&h@dule&mirnppnintumtif&mybmmeﬂl,upeﬁence_damajor

thing but water from midaighi t until their seheduled appointment.
hg‘ilsubjmls artived at the CRC at approximately 070G h. Upon their
arrival, the experimental procadures wara reviewad, all questions were
answued,andinfmnwdwnmtmsobtained,Subjectsmmmmphted
a health background questionnaire that assessed their exercise habits,
slupduringtheluwdays,caffeimcomumpﬁan.apﬁmnfwﬂs,
and whether were hldnganymediaﬁm'l'heyalsowmpleudme
short form of the Beck deprassion inventary (21). No subject evidenced
depression on the day of the study (Beck depression survey scores, <7),
aMmpomMmﬁHukmmMMWhom dy
randomly assigned to the DEX or saline (SAL) oondition

After completion of these quesHonnaires, an 18-gange indwelling
utheterwaslnsa-hedintomanmbihlviewonthesubjecrsh&am.
Alter veni subjects were asked to sit and ralax for the next 20
min. A blood sample was collected at the end of 20 min for endoerine
assays. Immediately following the baseline blood drawing, subjects
received eilheratl—mgbalusofDEXorlmLSAL,bnmivpushad-
nﬁnism*doversmnsingadoubleblindpmnedure. Blood for en-
doaine assays was drawn 0.5, 1, 2, 3, and 4 | after the administration
of either SAL or DEX. Subjects remained seated throughout these

Periods.

FourhoursaftenheDEXinfusion.snbiecmmeivedmsuucﬁummd
performed a 6-min speech and a &min math stressor, counterbalanced
tor order. i ufﬂmsl:rssorsdidmtappmdably affect the results
andwmnntbedismssedfurthu.ﬂbodwudmwnformdocﬁneamys
immediately at the end of sach stressor. The second 5tMess0r was initiated
:&nthemphﬁmof:hnﬁntskmurbhudduw.n\eendm
measures ohtained at 4 h served as the prestress baseline, the measures
obtaineda&erﬂ\eﬁmofﬂutwostrasorssewedasﬂnmidstus
response, and the measures obtained after the second stressor sexrved as
the posistress response.

Speech atresgor

The speech stressor (22) asked subjects i fmagine themselves in a
department store shopping when a security guard falsely accused them

of shoplifting a belt. Subjects were instructed to prepare a 3-min speech
to 1) tell their side of the story, 2) tell why the security guard suspected
him of shoplifting, 3) indicate why the guard was wrong, 4) provide
proof that he did not steal the belt, 4) suggest what should happen o
the security guard for his/her mistake, and 5) summarize the main
points. To increase the stressfullness of the situation, subjects were told
that their responses would be recorded and compared to the speeches
ofomumb’pcm.SubjedsweregiV&\BudnmpmpareandBmin

present their speeches, '

Math stressor

Subjects were instructed to perform six 1=min serial subtraction prob-
lems. The subjects were ukz«ipgsubha:tsmzw7, 7 from 6828, 13
from 9561, 8 from 5113, 14 from 8318, and 17 from 9954 for min 1 through
6, respertively. Subjects were told that any mistxkes would be corrected
by the experimenter, and that they should proceed from the correct
number. To maintain maximal tagk invelvement and moderate levels of
difficulty while maintaining similar levels of performance across con-
ditions (=10 correct answers /tria), subjects were instructed £0 faster
and with zreater accuracy during the start of trials 3 and 5. Two men-
sures of task performance were calculated: the aumber attemp
Hmpcmml:gnmnwhﬂeumthmdspmhmmrshavebmused
and characterized by others (22) as well as by our laboratory (23-28), and
they have demonstrated high intra~ and intertask consictency (23-25).

Megsures

Assays for EPI, NEFL, ACTH, and cortisol were
plasma from the blood
{Le. 6 in after the onaet of the streasors), and after the second of the two
Stréssars (Le. 12 min after the onset of the stressors), Plasma ACTH levels
were assayed using immunoradiometric assays supplied by Nichels
Institute (5an Juan Capistrano, CA), This asgay has intra- and interassay

i of variation less than 10%, and the sensitivity is 1 pg/mL.
Plasmamrﬁsollcvelswmassayednshga&uumsmtpoluizzum
technique (TDX, Abbott Laboratory, Chicago, IL). This assay has mtra-
and Interassay coefficienty of variation less than 10%. Flasma catechol-
amine mnmh-ah lons d\r(?l;‘:nd NEPD levels were determined by high
performance liqui tography, using a Waters system with an
elecﬂochemxalq:ﬁecmr (Walas&zsodam, Milford, . The sensi-
tvity of this high performance Liquid chromatography system is 10
pg/mLforEPIdeﬂpg/mLforNEPLT!ﬁsassaylusintn-lnd
interassay coefficients of variation of 12% for EP] and of 7% for NEFL

In addition, the subjects’ perceptions of the sirecsors wers evalu-
ated to determine if DEX affected task engagement or arousal. Im-
mediately after the tatk, subjects completed the abbreviated differ-
ential emotions scale (26) and an eight-item tionnaira assessing
thelr feelings of uncertainty during the task (thres questions), help-
lesanees (two questions), and control (three gueshions).

Results
Tonic endocrine response

The effects of DEX and SAL on tonic endocrine activity
were evaluated by two-way (group: DEX ps. SAL) X 5 (pe-
riod; preinfusion, 0.5 h postinfusion, 1 h postinfusion, 2 h
postinfusion, 3 h postinfusion, and 4h postinfusion) analyses
of variance (ANOVAs), Results using repeated measures
ANOVAs were evaluated using an o level of 0.05, and de-
grees of freedom were corrected using the Hynh-Feldt e,
Mean endocrine activity as a2 function of group and period
is summarized in Fig. 1.

Effects of DEX on HPA astivity

Analyses of ACTH revealed significant main effacts for
group [F(1,22) = 18.66; P < 0,0003] and period [F(5,110) =
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15.94; P <0.001] and a significant group x period interaction slightly lagged, response to DEX, as might be expected given
[F(5,110) = 4.13; P < 0.02; e = 0.48). As ilustrated in Fig.1a, that ACTH stimulates the release of cortisol.

P aftar the infusion of DEX compared toSAL (P < 0.05), 570t of DEX un SAM actinity

fusio
leve!a&erﬂleinﬁlsionofSAL(Fst.Zs;P=NS),whereas levels.AnalyswofEFlmeaJedasigniﬁcantmaineﬁectfor
the postinfusion level of ACTH was lower than the prein-  period [F(5,110) = 8.46; P < 0.001; ¢ = 0.86), reflecting a rise
fusion level within 30 min of the infusion of DEX and re-  in EPI across time (see Fig. 1c). Importantly, neither the main
mained significantly lower (14.64 < F=3595 P <0003). effect for £roup nor the group X peried intaraction ap-
Thus, DEX effectively attenuated the release of ACTH. proached statistical significance, Analyses of NEF! revealed
Results also confirmed the expected effacts of DEX on a similar result; the main effect for period as significant
plasma cartisol levels. Analyses of cortisol revealed a sig-  [F(5,110) = 5.69; P < 0.01; € = 0.90; see Fig, 1d], and again,
tificant main effect for period [F(5,110) = 49.06; P < 0.0001]  neither the main affect for group nor the group X period
and a significant group X period interaction {F(5,110) = interaction approached statistical sipnificance, Thus, DEX
11.55; P < 0.0001; ¢ = 0.46]. As illustrated in Fig. 1b, cortisol ~ and SAL had comparable effects on plasma catecholamines.
did not Qiffer as a function of up at preinfusion or 30 min . .
postinfusion, but cortiso] wu?gxﬁ%mmﬂy lower 1-dhafter ~ Strest-induced endocrine response
the infusion of DE_( compared to SAL (P < 0,05). Within- The effects of DEX and SAL on phasic endocrine responses

Surement of cortisol lower than the preinfusion level in the (group: DEX vs. SAL) x 3 (period: prestress, midstress, and
SAL group was the final measurement [F(1,11) = 5,02; P < poststress) ANOVAs. Resulis using repeated measures
0.05); in the DEX condition, the postinfusion levels ofcortisol  ANOVAs were again evaluated using an a level of 0.05, and
were lower than the preinfusion level within 30 min and degrees of freadom were corrected using the Hynh-Feldt ¢,
remained significantly lower (5.53 = F =99.90; P < 0.05. Mean endocrine activity as a function of group and period
Thus, in relation to ACTH, cortisol revealed a parallel, byt i5 summarized in Fig. 2,
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Effects of DEX on HPA ackivity

Analyses of ACTH revealed significant main effects for
group [F(1,22) = 57.68; P < 0.0001] and period [F(2,44) = 5,38,
P <0.02] and a significant group X period interaction [F(2,44)

=6.33; P <0.01; ¢ = 0.83]. Replicating qur prior research, the
orief stressors elevated ACTH at midstress and poststress
periods in the SAL group; however, DEX sliminated the
effects of the stressors on ACTH (see Fig. 2a).

The same pattern of results was in the analyses of
cortisol. The ANOVAS yielded a significant main effects for
group [F(1,22) = 95.60; P < 0.0001) and period [F(2,44) = 4. 85;
P <0.02) and a significant group X period intaraction [F(2,44)
=7.14; P <0.01; € = 0.66). As illustrated in Fig. 2b, the brief
stressors elevated poststress cortisol levels in the SAL group,
but the siressors had no effect on cortisol in the DEX group.

Ejffects of DEX on SAM activity

Prior research demanstrated that Plasma catecholamine
levels are elevated by brief psychological stressors. Consis-
tent with this work, analyses revealed significant main effects
for period for EPI [F(2,44) = 16,00; P < 0.001; € = 1.0] and
NEPI [F,44) = 46.88; P < 0.0001; ¢ = 0.92]. Importantly,
neither the main effect for group nor the group X period
interaction approached statistical significance in the analyses

by
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of EPI or NEPI As illustrated in Fig. 2, ¢ and d, the brief
siressors elevated plasma catecholamine levels, and these
responses were unaffected by DEX.

Behavioral effects of DEX

Finally, to evaluate whether the psycholagical stressors
hadadjﬁamthadonmbjedswhoweremﬁuedwim
DEX 5. SAL, task performance and the poststress ratings of
the stressors were subjected to a one-way (DEX ps. SAL)
ANOVA. None of these tests approached statistical signifi-
cance (P > 0.12). Thus, the levels of tagk engagement and
stress were equivalent for the DEX and SAL groups.

Discussion

Before we could test the hypothesis that CRH regulates
catecholamine release after psychwlogical stress, we had to
inhibit the FIPA axis before administration of the stressors.
Previous work had indicated that maximal inhibition of ad-
renocortical response occurs between 2-4 h after a single
dose of DEX (27); therefore, our stress protocol was initiated
at4 h. Also, as previous work indicated that pituitary ACTH
release in itro je not influenced by moderate doses of cor-
ticosteroids, the inhibition of ACTH in pivp probably results

2
120
1004 W Sane | petn
g so4 O bex 2<08.
rod
E 60+ NS
s —1
o 40_
‘g ] NS
Q20 NS
0-
20 B
Mid-Seesg Pase-Siress
24
18
1_6_ . SAI.INE
% 144 f— i O oex
E 1.2
o <0001,
g 14
£084 ° =
£ 064 p<4.
1] NS
8 04
z
0.2
0
Mid-Strss Post-Stress

Fi6. 2. DEX significantly inhihited the stress-indured incresse in ACTH and ecortisal, but did not affact the gtress-induced increages in EPT
and NEPL. The first teat of significance is between the basal values (4 b, Fig. 1) and the poscstress levels. The second comparison is between

the SAL and DEX groups.
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from Inhibition of CRH Reurons or pathways mediating CRH  stresgorg that we used probably stimulated the amygda
relense (27). We observed that 5 4-mg DEX infusion acutely  which mediates learned fear and anxiety responses asso
inhibited ACTH levels at the first sampling interval of 30 apeq with stressful events (29), OF interest, the amygdala h
min, and by 2 h, ACTH levels had plateaued. Cortisol levels recently been shown to be a site of extrahypothalamic CR
after DEX administration lagged the fall in ACTH concen-  production (18, 19), as several different nuclei in the amy
trations by 30 min and were continuing to fall at 4 h, By the  dala can Synthesize CRH (20). Also, restraint stress in g
tme that the stressors were given, ACTH and cortisol levels increases the CRH messenger ribonucleic acid (mRNA) co
had declined to 85% of their initial levels in the DEX 8roup,  tent in the amygdala (18, 20). Of relevance to this discussic
and they were approximately 75% lower then levels in the is that glucocorticoid administration to rats decreased h
SAL cantrols, who exhibited the expected diurnal decresse  pothalamic CRH mRNA synthesis and paradoxically e
in these levels, These data Suggested that the CRH influence hanced CRH mRNA synthesis in the amygxala and stri;
on the HPA axis had been attenuated in the DEX-treated  terminalis (20), Hence, one could argue that stresgors in bn

During this same interval, DEX exhibited no significant mitted via thg amygdala couldsﬁmulateCRHsynthesis.Th
effect on plasma NEPI and EPI levels, as bath groups began  latter effect could also be enhanced by glucocorticoid
to nonsignificantly increase their catecholamine levels at 3—4 Therefore, an {nerease in amygdala CRH could modify an

Just preceding the administration of the stressors and pos-  influence on EP] levels induced by 2 DEX-induced decreas
sibly in anticipation of that event, This observation would  in hypothalamic CRH levels with i input to th
argue against CRH exerting a significant influence on tonic ~ Iocug ceruleus,
secretion of catecholamines, The issue of individnal differences in stimulation and ir

Asdifferent mechanisms are probably involved in basal ps. hibition of the HPA and SAM axes in humans is evolvin
stimulated ACTH and cortiso] release, we examined the in-  from the work in several laborataries and has health imp]
fluence of DEX on these hormones after the stressors. The  cations. The research has shown that individuals differ i
math and speech stress was able bo stimulate ACTH and  their cardiovascylar and endocrine reactivity to stress (3~¢
cortisol release in the SAL group, whereas the HPA axis was  and in the ability of glucocorticaids to decrease the HP;,
completely inhibited in the DEX Subjects. In contrast, using  response to exercise (30). We have also shown that individ
physical or metabolic stressors in animals that have beer, uals characterized by high relative to low cardiac sympa
given modest concentrations of glucocorticaids, ACTH and thetic reactivity have greater stress-related changes in ACT}

was noted that DEX inhibited ACTH and cortisol release in strating greater cardigvascular, endocrine, and mmune re
response to hypoglycemia and audiovisual stress (exposure  activity to stress. This research has implications for diseas:
toa barking dog for 5min). In addition, itwas noted that DEX processes in which altered HPA axis function has beer
inhibited EPI release in response to hypoglycemia, but not to found, such as depression (1, 31), multiple sclerosis (32)
audiovisual stress, chronic fatigue (33), and premenstrual syndrome (34).

In our study DEX failed to inhibit psychological stress-
induced release of EPI and NEFY, as evidenced by similar
Stress was equal in both , and CRH was presumab . ) L
activated in the SAT, g:-m:g;,‘):sPZCIHandmrﬁsglres increased . Weackn :lwﬁmmmsmmﬂwom ghm
ap‘pmpﬁatdy. Therefort, these data sugpest that CRH is not Mﬂlﬂrkﬂy for his technica] ass:‘.glznce.mm‘ staff, an

employed in this investigation. This finding is supported by Refere

the Anding in sheep that audiovisual stressuinqured L nees

creases in catecholamines were not influenced by glucocor- 1. Chrousos GP, Gold PW. 1992 The concepis of stress and stress
Hcoid administration . system disorders. JAMA_ 26712441252

These data, hawever, conflict with the animal data that 2 m;%z‘émlgiﬁ f;’,“’ hormaones: their interaction and
describe CRH receptors in locus ceruleus neurons and the 3 goq et SA, Cacioppo T, Uchino BN, et al. 199 The effects

ability of glucocorticoids to inhibit plasma catecholamine of an acute psychological stressor on cardiovascular. endocrine, and

increases after immobilization stress (16, 17). A threshold cellular immune Tpomes: A prospactive study of individuals high
effect to explain these differences doe- not seen plausible, as slaonw in heart rate reactivity.  Fchophysiology. 31:264-271.

- - 4. Malarkey WB, Kiecolt-Glaser JK, Pead D, Glaser R 1994 Hostile
these metabolic and Physical stressors would appear to be behavior during macital conflict alters pituitary ang adrenal hor.
stronger stimul; than psychological stress, and the SAM axis mones. Psychom Med. 56:41-51.
was inhibited by glucocorticoids in these Teports (16, 17). A 5 S;:;:go_ . Mu:::d&ny WB, l:geqolt-cluer JK, etal “}995 Heter-
more tenable explanation may be that metabolic and Physical feal streeroendocrine and immune responses to brief psy-
stressars, as opposed to the psychological stressors em- P‘dmyhdmg'msM“ 'ed“f"s";ﬁ’s:_‘;“““. fion of autonomic cardinc activation

ployed in this study, use different pathways to stimulate the 6. Malarkey WB, Pearl DK, Demers LM, Kiecolt-Glaser JX, Glaser R.
HPA and SAM systems. For exampie, the speech and math 1995 The influence of scademiic gtress and season on 24-hour mean

—_



SAM AND HPA RESPONSES TO STRESS

concentrations of ACTH, cortisol, and S-vndorphin. Psychoneuroen-
docrinology. 20499 -508

- Komesaroff PA, Funder JW. 1994 Differential glucocorticnid effects

on citecholamine responses to stress. Am J Physiol. 266:E115-E128,

Manuck 58, Cohen 5, Rabin 85, Muldoon MF, Bachen EA. 1991

Individual differences in cellular immune nosponse to stress, Psychol

Sci. 2:111-115.

4. Cacioppo JT. 1994 Social neurcséience: autonomic neuroendocrine
and immune responses to stress. Psychophysiology. 31:113-128,

10. Sakanaka M, Shibasaki T, Lederis K. 19587 Corti in releasing
factorlike immunoreactivity in the rat brain as revealed by a mod-
ified cobalt-glucose oxidase-diaminohenzidine methad. ] Comp
Neurol. 260:256-298.

11. De Souza EB, Insel TR, Perrin MH, Rivier], Vals WW, Kuhar MJ.
1985 Corticotropin-releasing factor receptors are widely distributed
within the rat central nervous system: an autoradiographic study.
] Neurosdi. 5:3189-3203. i

12 Moore RY, Bloom FE. 1975 Central carecholamine neuron systems:
sratomy and physiology of the norepinephrine and vpinephrine
systems. Annu Rev Neurosd. 2:113-168,

13. Valaniino R}, Foote SL, Aston-Jones G. 1983 Corticotropin-relens-
ing factor activates noradrensrgic neurons of the locus coerulens.
Brain Res. 170:363-367.

14 Butier PD, Welss JM, Stout JC, Nemeroff CB. 1990 Corticotropin-
releasing factor produces fear-enhancing and behavioral activaking
effzctisssfoﬂowing infusion into the locus coeruleus. ] Neurosch 10:
176=183.

15. Irwin M, Hauger R, Brown M. 1992 Central corticotropin-relaasing
hormane activates the sympathetic nervous system and raduces
immune function: increased responaivity of the aged rat Endocri-
nology. 131:1047-1053,

16 Pacdk K, Kvemasky R, Palkovits M, et al 1993
dugments m vroo release of norepinephrine in the ventricular
nudeus during immobilization stress. Endacgnﬁllogy 133:
14041410,

17. Kvetlansky R, Fukubara K, Pacik X, Cizza G, Goldstein DS,
Kopin IJ. 1993 Endogenous glucocorticoids restrain catecholamine
synthesis and relgase at rest and during immobilizakion stress in rats.
Endocrinology. 133:1411-1419.

18. Kalin NH, Takahashi L X, Chen F-L. 1964 Restraint stress increases
corticotropin-releasing hormone mMRNA content in the amygdala
and paraventricular nuclevs. Brain Res. 656:182-186.

19. Maldno S, Gold PW, Schulkin J. 1994 Corticosterone effects on
corticotropin-releasing hormone mRNA in the central nucleus of the
amygdala and the parvocellular region of the paraventricular nu-
cleus of the hypothalamus, Braim Res. 640:105-112

20. Makino 5, Geld FW, Schulkin }J. 1994 Effects of corticosterone an
CRH mRNA and content in the bed nucleus of the stria terminabis;

~1

8

T R R T B

2463

vomparison with the effects in the contral nuglus of the amypdnla
and the pamventricular nucleus of the hypothalamus. Brain Res,
657:141-149.

21. Beck AT, Beck RW, 1972 Screening depressed paticnts in family
practice: a rapid technique. Postgrad Mud. 00:81-85.

22 Saab PG, Matthews KA, Staney CM, McDonald R}, 1989 Premeno-
pausal and postmenopausal women differ in their cardiovascular
and neuroendocrine responses to behavioral stressors, Psychophys-
inlogy. 26:270-280.

13. Berntson GG, Cacioppo JT, Binkley FF, Uchino BN, Quigley KS,
Fieldstona A. 1994 Autonomic cardiac control. HL Psychologienl
siress and candiac fesponse in autonamic as revealed by
dutonomic blockades. Psychophysiology. 31:599—-608.

24. Cacioppo JT, Uchino BN, Bentson GG. 1994 (ndividual differences
in the autonomic origing of heart rate reactivity: the psychometrics
of respiratory sinus arrhythmia and pre-ejection period. Psycho-
physiology. 31:412-419.

25, Cadoppo JY. 1994 Social neuroscience; autonomic, neuroendocrine,
and immune response to stress. Psychophysiology., 31:113~128,

26. Cacloppo JT, Marteke JS, Petty KE, Tassinary LG. 1988 Specific
forms of facial EMIG respansu index emotions during an interview:
from Darwin to the continuous Sow hypothesis of affect-laden in-
formatinn processing. | Perspect Soc Psychol. 54:592-604.

27. Keller-Wood ME, Dallman MF. 1984 Corticpstergid inhibition of
ACTH secrution. Endoer Rav. 5:1-24.

2B. Kant GJ, Anderson $M, Dhillon G5, Mougey EH. 1985 Neuroen-
docrine correlates of sustained stress: the activity-stress paradigm.
Brain Res Bull. 20:407-414.

29. Kalat JW. 1995 Biological psychology, 5th ad. Pacific Grove: Brooks-
Cole; 432=443.

30. Petrides JS, Mueller GP, Kalogeras KT, Chrousos GP, Cold PW,
Deuster PA. 1994 Exercise-induced activation of the hypotha-
lamic-pitoitary-adrenal axis: marked differences in the sensitivity
w”glumcorﬁcoid suppression. | Clin Endocrinol Metab, 79:
377-383.

31. Schulkin J. 1954 Melanchalic depression and the hormones of ad-

- versity- a role for the amygdala. Curr Direct Peychol Se. 3:41-44

32. Michelson D, Stone L, Galliven E, et al. 1994 Multiple sclerosis is
associated with alterations in by ic-pituitary-adrenal axis
function. J Clin Endocrinol Metab. 79:848-853.

33. Demitrack MA, Dale JK, Straus SE, et al. 1991 Evidence for im-
paired activation of the hypothalamic-pitultary-adrenal axis in pa-
Hents with chronic fatigueypsyndmme. ) Clin Endlocrinol Metab. 73:
1224-1134.

34. Rabin DS, Schmidt ], Campbell G, et al. 1990 Hypothalamic-
pitvitary-adrenal function in patierts with the premenstrual

syndrome. J Clin Endocrinol Metab. 71:1158-1162



