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|NTRQ1)UC'I`ION \

observations that psychogcnic parameters

in tc rac t ion immunity

century, and several interesting placethe first half of this

psychoneuroimmunology P¢f5P¢dive

n C U f 0 ° i m m U n g axls,many

convxncmg

immunological consequences of stress in humans. These include the evaluation

andforced wakefullness, bereavement

unemployment [3] In experimental animals has an adverse

parameters as the rate and quantity of Ig production, T-such imponant

challenge, T cell cytotoxic activily, naturallymphocyte

relationships. This body of literature hasfunction and

extensively

Psychoneumimmunology of Macrophage;

demonstrated n e u r o e n d o c r i n e

panidpate in macrophage activity. UK-14304 and norepinephrine, both alpha 2

factor (TN F)adrenergic LPS-stimulated



from elicited macrophages The differentiation histiocytic

by phorbolmacrophage-likelymphoma

dose-dependentby [6]. Epinephrinc

macrophage spreading [7]

phagocyticreports numerous  ac t ivi t ies

B-Adrenergicneuroendocrinemodulated by ncuropcptides

and Cox andagonists were reponed by

chemotaxis, bactericidal activity, enzymeinhibit phagoqfte

supcroxide generation

adrenergic agonist isoproterenol phagocytcsrespiratory

manner dependent upon the mechanism of cell

norepinephrineinvencd-U dose[16]

effects on macrophagc-mediated cytotoxicity when cells ac t i vat ed w i th

IO 10 ~8 norepinephrine a significant enhancementinterferon
- l u.

noted, while higher dosagesof cytotoxicity towards c e

These authors also reponcd that the:Lssodated inhibition of

-y -INF-activatedneuropeptide neurotensin enhanced the cytoly\ic

P, a-cndorphin, B~endorphin, Leu-enkephalin andmacrophagcs, while substance

Hauck [l7}'reported thatMet-cnkephalin

bidirectional effect macrophage effector functionmet-enkcphalin

levels of met-ENK



luminol-dependant chemiluminescence of thiogycollate-elicited

peptides dynorphinmacrophages
r

fragments significantly

+8-INF and lipopolysaccharidemacrophages previously activated with

mastocytoma target cells; an effect which(LPS) to lyse P815

B~endorphinleukocyte chemotaxis

that opioid peptides themslves couid

phagocytes

methodology based theBy applying recognition

hy the[24] isolated and purifiedhypothesis,

revealed them to beneurocndocrine Biochemical

functinnalphysicochemical

and neuroendocrineThus, bidirectional communication between the

of hormones

systems. Collectively, these studies provide convincingshared by the

evidence of imponam functional interactions between theneuroendocrine and

been undcnakcn lo determine xhe cellular andFew studies

CNS might influencephysiological m¢chanisms

for mechanistic researchdue lack of suitable



aforementioned studies have employed

these conditionsor immune cells derived from blood

becomes difficult specific type, no less determine

the subccllular mechanisms which account given observation. Funhcrmore

experimentation may

study Ending;Although

n eu r a i mmu n e i n t er a c t i on

human studies been unablei m m u n e  Y C S P O H S C ,

function of neuraendocrinecellular mechanisms

associatedimmune regulatory Considwable

human and animal experimentation involving behavioral variables severclv limit

major questions raised byapproaches

if for example, thatpsychoneuroimmunologists

endorphins and/or biogenic the effects of

parameter, an investigator would be loathe to administer opioid

controls humandopaminergic, adrenergic noradrenergic

reported in this dissertationhwas IT l3 ]O| '

model which could drcumvent these problems anddevelop

restrictions while providing a highly reproducible

neuroimmune interaction could be studied at the cellular level The



development

malignancy primary i mmu n oq r t e

such useful attributes a immonality c o m p e t e n t

non-neoplasticdivision without restrictions

number ofrise to a largea single neoplastic cell can give

manageable

of sufficientAn additional attribute of tumor cell

immonal cellcytogenetic similarity to the precursor immunocytc

immun ocyt eappear in many

the cell line forthis attribute is conveniently determined by

(eg. immunoglobulin receptors), the secretion of cellappropriate

specific cytokines (eg. IL-1 and TNF by a macrophage

of generally acceptedcharaderistics as cell-specific

immunocytc cell line for studying n¢uroimmune interaction, or any other

thewithout its limitations

the aggressive growth associated withnormal immunocyte does

cell derived fromcell line. Furthermore, while the immunocyte

cytokine, the normalproduce an immunologically

be modified or virtually nonexistentregulation of cytokine

encountered



immunocyte. Nevenheless, convenience, cost-effectiveness

immonal cellgeneral similarity c o u n t e r p a n

many investigatorsknown and

investigator

potential usefulness forimmediately available cell lines and appraise

application

Excited Electronic Stale.; in Biologicd Systems

of excited electronicHaving long-standing

of oxidative burst in macrophagesthe study of neuroendocrine

(OB) believed to involvewhich contribute
/

variety of molecular excitations in which molecular integral

of OB involves the generation ofpanicipant. Indeed, the

superoxide

Additional excitedhydroxyl radicals and hydrogen peroxide

from the interaction of this redox with ecosinoids and

those relativelyperoxidizable lipids production

OBchemiluminescence and occasionally as bioluminescencc

|975 ps]significant first observcd



macrophages

chemiluminescence be enhancedgroup

addition of luminol, a hydrazideamplified by pcroxides

photons during

elcdronically

macrophageoxygen species

neutrophils

macrophages [3637-39]

mechanism by antimicrobial tumoricidal

functions [40,4l]. Much of what is known about

using freshly isolated cells from bloodthese species has been elucidated

experimental

decomposition accompanied light/during

referred chemiluminescence (CL) [28,42]. Addition of the

substrate facilitates the detection of the

of studying affecting the oxidative

burst of monocytes and macrophages [43-45]

significance production during

(hydrogen peroxide in panicular) possess potentelucidated

believed to play a role in the ability of macrophagescytotoxic activity which

kill microorganisms. Since macrophages involved in the host response to



malignancy rols of ROS suggested killing

few studies have examined accompanying the oxidative

monocyte-macrophage

accompanied metabolism promycloqfiic

differentiation by dimethyl CL associated

subsequently been observed during

marker for differentiation in HL-60 cells [47,48]. CL associated with oxidative

has also been reponcd human monocylic cell line

cellular differentiation [49,50] [45] have studied

affecting CL during arachidonic acid-stimulated respiratory burst in the

macrophage-like P338D, cell line. CL has also been reported in the m1

C4M¢ macrophage cell [511

entirely model immonal cell line for investigating the influence

of neuroendocrine factors respo DSC

chapter in this dissertation describes the

J774 for macrophage-mediatedmacrophage

These cells light-emitting (chcmiluminesccm)

burst which is conveniently quantitated

modulated by immunotherapcuxic under conditions which



chapter considers the application macrophage study

ncuroendocrinc modulation of the oxidative

chemiluminescence attending

dependent ncuropcptidcs

ncurocndocrine range of dosages their normal

physiological concentrations. Such substances thought

neurocndocrine modulation of the FCSPOHSC

neurotransmitter norepinephrine, a mechanistic experiment determined

macrophagessubstance exerted potent ia l

neuronal cellsto its

described here will be of continuing valueanticipated that the

investigators studying the interaction of the CNS with the

the cellular molecular levelsagainst

A substantial body of evidence recently emerged supporting

hypothesis neuro-endocrine-immune

feedback control of lh¢ immune response [5253] the observations

of this that neuropeptides neuroendocrine

influence cells lymphocytic

and the mononuclear phagoqne Stress hormones such

glucoconicoids [54,55]adrenoconitropin, norepinephrine, epinephrine

lymphokine production

[Ladrenergic substances, possibly througx down-regulation of



Endogenous opioid peptidesinterleukin receptors

cndolphins cnkcphalins

stimulation cytotoxic  ac tivi ty

accompanying lymphocyteearly calcium influxmodification

Cells of the mononuclear phagoqfte system p r om i n en t

host defense against neoplzmic generation

by immunomodulutoryoxygen species [61]cytotoxic

exemplified by y-interferon (Y-INF) [62.63], lipopolysaccharide

(a + B-INF), macrophagescombination of LPS and

binding and destmcliondevelop cytotoxic activity characterized by the

The generation of oxygen species (ROS) by macrophages is

tumoricidzxlof their antimicrobial

which include hydrogendecomposition of theseactivity [6l,66-68]

of light duringaccompanied by thesuperoxide

[69]. Addition of thechemiluminescence (CL)referrcd

of the attending CL [27]. CL has beenfacilitates the

and macrophagesoffactors affecting the oxidative

macrophage

chemiluminescent oxidative burst which is modulated by biological



Calmettc~Guerinmodifiers such Corynebacteriuma s parvum

combination with(BCG) report

of J774 cells be modulated by opioid peptides B-endorphinCL ¢ m | S S l O n

neuropeptidcsdynorphin fragmentdynorphin ncur olen s in

C L TheB~adrenergic norepinephrine also modulatedThe

pharmacological proben e u r o t r a n s m i t t e r y -aminobutyric

modulated 1774 CL

of membranehyperpolarizationmelatonin Norepinephrine

population macrophages



CHAPTER\

MATERIALS AND ME IHODS

Phenol-extracted lipopolysaccharide (LPS)

(Burroughs-Wellcome

["Cr|¢hmmium (Na,Biomolecular Inc., San Diego, CA)

obtaincd from themacrophage

been described(Rocwille

reticulum cell

Dulbecco's modified Eagle's medium (DMEM) (GIBCO, Grand Island, NY)

10% heat inadivated fetal bovine (FBS), penicillin (50supplemented

U/ml) and streptomycin (250 mg/ml). The viability of cells used in experiments

blue exclusionalways determined

The P815 mastocytoma cell line kindly provided by Dr. J.L

c eof Florida, Gainesville, and served

maintained in modified minimal essentialcytotoxicity assays. P815 cells



humidified atmospherewere maintained atand antibiotics. Cell lines

determined mycoplama contaminationof  5% co,

_ .

an automatedThe CL response of J774 cells was assayed at

lnstmmenl Co., Downers Grove, IL)lu mi nomelc r  (P ic ol i t e model  65 00 ,

-compatible computer. Luminomelry experimentsinterfaced with

performed in triplicate. Mixtures of cells up

(Sigma), supplementedmedium without

luminomclrysuspensions

Diagnosiia, Los Alamos, NM)Los

10' cells in a volume of for time-course experiments, cellml. Except

incubated wixh BRMS at 3 C in 5% CO2 forsuspensions for luminometry

After incubation, 800 1 of cell-free medium in each tubeIuminometry tubes

removed and discarded exami n at i on

<0.l% of the original number of cells plated. The CL 1

addition of 200 I of an opsonized

(ZAP, Los Alamos Diagnostics, Los Alamossuspension containing luminol

calculated andrepresenting lightunderThe over  t i me



intcgratcd photon

-L̀Z7im§LIi2ll§.<1_Q£19l¥li9.

determinedmatoqftoma

macrophage-mediated cytotoxicity

and washedwere prclabcled for 300

monolayers

centrifugation, "Cr-labeled8H-MEM + 10% FBS. After a

effectorztargel

then added. Spontaneous release of labelused. Aliquots

labeled P815 cells. Maximum releasedetermined

wells containing labeled cells 10% sodium dodecyldetermined

After a 16 h incubation at 37°C 5% COZ, 100 l of supernatant in each well
/

re mbv€d° and radioactivity. Experiments performéd

"Cr-release

previously [75]

SEM. For multipleexpressed as theWhere appropriate. data

(ANOVA) was employedgroup comparisons, one-way analysis of

for HSD (honestly significant difference). Statisticalby 'l`ukey's

performeddefined 0.05. The statistical proceduressignificance

2.1 <sTs<; Inc., Romnne. MD)Statgraphia software



RESULTS

Initial experiments indicated that .I774 cells requirement

be observed onlythat chemiluminescence

Suspensionsbonom of the plastic luminomclry

CL of 1774 triggered by zymosancells failed to exhibit luminescence

macrophagesmagnitudeslightly

g/ml of CP. Dosagesobserved with pre-incubation

illustrates the effect ofassociated with a loss of CL

/
of the 44 hmodulated CL continued to increae throughout the

experiment. The CL levels of untreated cells significantly below those of

CP-pretreated peaked at 30 h of incubation

of incubationeffect of BCG

10 '  c f u / ml . Dosages above 8 x l o '  c f u / m lCL occurred with

effect of LPS the CL of 1774



Figure l. Effect of CP dosage CLofJ774 cells. preincubatcd
wiih CP for 18h CL SEMPoints the if SEMno 1pri o r representassay.
docs show smaller than



(h)TIncubot

CL of .I774 cells CellsEffect of CP-stimulatedFigure preincubation time
))_ wimout CP Aincubated with # 8 / m l



preincubatedcells CellsEffect of BCG dosage CL of 1774



\ . /

, r

Effect of LPS Cells preincubaledFigure dosage CL of J774 cells



Co-incubation of 1774 cells withC L LPS alone (5 ng/ml) stimulated CL

A similar effect resultingand LPS funher increased the

interaction of INF with experiment

the CL of 1774 cellssubstituted for the LPS. CP alone

Co-incubation of 1774 cells with CP and INF exhibited

synergistic enhancement of CL

Table I summarizes the results of experiments demonstrating the effects of

1774-mediated cytotoxicity. Untreated J774 cells exhibited a lowCP orLPS

toward P815 mastocytoma targets. CPof lyticsignificant

observedSimilarly, LPSdose-dependent

J774-mediated cytotoxicity



Figure 1 of murine interferon o+$ (INF) (440 U/ml) on LPS- (5 ng/
in 1774 cells. A = cells alone, B -= cells + INF, C = cells +stifnulated CL

F. Cells were Dreincubated with INF, LPS orD = e c l l$+LPSandINTLP S ,
b o t h
statis

tor 1§r§ ;§}i<§f o C L 5 s s 5 y . T ui <ey 's  HSD  tes t  demons t rated  th ree

f erent  r esp on ses  ( a,  b ,  and  c )  a t  p  <  0 .0 5,  e. g .  [ N F al on e h ad  n o
tcagc ms
wily dif
l. LPS allone did ehhance LPSCL; and co-incubation with both INF and 1

funhcr enhanced



CP- <14 »g/w)(INF) (440 U/ml)inc interferonFigure 6. Effect of
T . C = c e l l s + C PINcells adone, B = cells774 cellsi n ]stimulated

prcincubatcd with INF, CP or both
reagents fo1r 18 h nrior to CL assav. Timkesfs HSD test demonstrated three

different responses (afb and ci at p < 0.05; - UTP alone had no
alone enhanced CL while co-incubation with INF and CP funher

statistically

enhance CL



cyxoxomddry'JTI4-mediatedEHcct of CP and
:ICT Release%Treatment



DISCUSSION

major class of cffectorsbeen implicatedMacrophagcs have

[77,77,39,78]. Cells of the monocyte-macrophage lineageresponse

stimulation by 1 -interferonare known to exhibit tumoriddal activity

mechanisms

macrophages is considered a major participantgen er at i on

tumor-lytic investigated

attempt to overcome problems axsociated with studies employing partially

cel ls  exh ibi t  adherence,  mac rophage- l ikepuritied macrophages

immunoglobulinmorphology

They synthesize interleukin 1 [84], and release lumor necrosis

stimulation with LPS [85]. Clones of the 1774 cell linelysosomal

monophosphate shunt whilecapable of oxidizing glucose

of these accounts ilgenerating superoxide and hydrogen peroxide [86]. ln light

chemiluminescence associated

[43]previously been reported. De Buclselier and

f ( )designated 1774-C2E2-HAT which

hybridization with normalpolyethylene glycol-mediated

macrophages. The resulting macrophage hybridomas chemiiuminescent

oxidative burst among other macrophagolike charaderistics which



J774-C2E2-HAT fusion panncrobserved

the J774 cd! chemiluminescenxreport

pre-incubation

course of CL illustrated in Figmacrophages stimulated in vivo. 'nme 44 h time

the work of Paceshown in Fig;

lymphokinedemonstrating is  to scnsit ize

rather thanmacrophage

of bacterial LPSactivation. Within this

second stimulus and extend this class of stimulants include CP is sustained

1774. They found that LPS at I0cytotoxidty of macrophage

This dosage

used in thethousand-fold

Ralph and Nakoinzthe low ng/mlstudy (Table

high dosages

than poly I:C-acxivamed¢ lzymosan

and Mortensen [90] recentlymelanoma cells. Zahcdiable to lyse

Theactivated for cytotoxicity by Creponed that 1774 cells

modulating 1774-mediated cytotoxicity. 1774 cells a convenient



for such diverse of Ros, themodel macrophage generation

lymphokineimmunosurvcillance against malignancy ( 0priming response

second-signal evaluation of immunotherapeulic



CHAPTER 2

MATERIALS AND Ml: I HODS

Dynorphin A (DYN), B-cndorphin (END), methionine enkephalin

diazepam, 1 -aminobutyricEN K) ,  neu rotc ns in ,

5-amina2,3-dihydra 1,4-phlhalazincdionenorepinephrine

zymosan A, valinomycin

(DiSC,(5)) (Molecular3,3'-edipropylthiadicarboqqnineLouis,

(b ee B i omol ec u l arProbes, Eugene.OR); murine interferon

y -interferonDiego, CA). Recombinant g e n e r o u s

of Genentech

the AmericanJ7 74 A. i obtainedmacrophage

cell line has been described(R0¢kviu¢
by Ralph [91-93]. J774 celis Dulbecco'sreticulum cell

Island, NY) supplementedEagle's

(Fas), penicillin <50 U/ml) andwith 10% heat inactivated

streptomycin (250 mg/ml). 'Die viability of cells used in experiments was always

determined



. .

modificationThe CL response of 1774 cells was determined according

of methods rcponed previously [94,75]

lnstrumc mau tomated l um in omc t er  (P ic ol i t e mod el  6 50 0
-1

PC-compatible computer. LuminometryGrove, IL)

experiments were performed in triplicate. Mixtures of cells,

substance to be tested, were made up in DME/F-12 medium without

(Sigma), supplemented suspensions

Diagnosticsplastic luminometry

suspensioru

Iuminometry

removed andof cell-free medium in each tubeincubation,

discarded. Repeated examination showed discarded medium contained <0. 1%

initiated by thenumber of cells

A suspension containing per ml ofaddition of 200 l of

complete vcronal buffer pH 7.3 [26}, 2.5 mg zymosan A, 2 l of

solution of Iuminol in DMSO and I g globulin~free bovine sen

20 mM

albumin. The

70 °C in 10made up in advance and stored frozen atzymosan A suspension

representing lightfor 36 The undercoumed 4

emission over time was reported as integrated photon emission. r



Eluszrssscm

membrane potentialThe effects of ncurocndocrine

cells were determined according to methods described by 5

lymphocytes. Stock solutions of the potsntial-sensitivemembrane potential of

up in 95% ethanol at a concentrationfluorescent dye DiSC,(5)

F l u o r e s c e n c e m e a s u r e m e n t s  w e  r eM and stored

Elmer LS-3 fluorescence spectrophotometer temperature

respectivelywavelengths

experimental

made 95% ethanolsolutions of valinomycin

concentration of 100 M. Since .1774 cells adherence to a Substrate

the effects of neuroendncrine

membrane potential studiedmodulators of oxidative

on microscope cover glasses (Fisher 0.15populations

inactivated FBS andsupplemented

then carefully washedglassantibiotics

acrylic fluommetryseveral volumes of buffer and fined diagonally

Dasc,(5> then added

achieve a final dye concentration of 100 nMwith mildthe

the cell holder and nU of CS CC | ' lC ¢



Ncuroendocrinc

cuvcttcs. Additions of appropriate volumcs of bufferadded to the

val i no myci n,controls for the o f  n c u r o e  ~ n e

respedively effect of mild agitation any

fluorescence signaleffect on strip

SEM. For multipleWhere appropriate. data expressed as the

the groupgroup comparisons, the significance of overall differences between

( A N O V / \ ) ;  a n d  b e t w ee nofmeans was determined

(honestly significant difference)groups, by Tqkey's fo

2.1 (STSCStatgraphics softwareSignificance



RESULTS

response of 1774 cells incubated withFigure l illustrates the CL

(05-1000 U/ml)dosages

addition of zymosan

coincubalion ofwas used in subsequent experimentsThis dosage

ncurocndocrine hormone with

illustrate the effect of ENDFigures 2a and 2b response

incubation withcells following 18 concent rat ions

(Zb) . Maxi mal  C L oc c u r r edalone (Za) or with 5 U/ml 7indicated, either

M (END alone), or over aopioid concentration range

10" INFooincubalion of an opioid peptide

END. 'Hme effect of coincubalion of 1 -INF withsubstituted for(DYN)
combined with,END, namelyobserved when Y -INF

effect of the opiate receptor-antagonist naloxoneFigure

'°M each) CL in 1774 macrophages. The additionEND-enhanced

insignificant

emission. When this dosage of naloxone was added to cclls just their

opioid-induced enhancement of CL

abrogated



(U/ml)Int.orFeron

cellsof J774(CL)chcmilumincsancc-1-interferon



/
(log M[H*Endor°phin]

cells.CLof 17745-endoxphin



. 'f\- ' \ .c
o

ua
U)

E
U J

12

ID

n

as

|~U
c
cz
-A-3
G

.E
cx_

rm D-D5
U 1
cu

DE--H-D
45 Con t r o l s
c

D 4+u - 1

-7-a-QD2 -11
/

[9°Endorphin] (log H)

of S-cndorphin on CL of 1774 cells coincubatcd with 5 U/M
-1 ). Curve from Figure 2a shown for comparison ( 0--0 )

Figure 2b. Effect
~/-ilterferon



\
2.4 1+ 7-e-9U-112

/
HA (log[Dynorphin

ccllsCL of J774



o
L

' \ .
M(logA[Dynorphin

U/mlwith 5coincubatedcellsCL of J774dynorphin AEffect of3bFigure
-1-ihtcrfcron



(DYN) anddynorphin A s(10'M)(NX)Effect of naloxoneFigure 4
1774 cellsuntreatedCL of otherwise



Whcn cells

and Sb), maximal stimulation of CL occurred

depending only slightlyconcent rat ion

potent substance studied

enhance J774 CL (FiguresIn no case did

dose-related inhibition of CL

thc addition of y-INF (Figure

effects are characterized by an invened~U dose response

l0'° M, ncurotensin cxhibited maximal stimulation of CL Al a concentration of

inhibited CL The effects of tuftsin on 1774 CLl0'° M, ncurotensin significantly

(Figure 8b) shifted theCoincubation withm

10' M (wnhom 1-INF) to lo*stimulatory dosage of the peptide from

also appeared somewhat subjectcoincubation. The shape of the

associated withinfluence ofv-INF, the addition of which

Figure 9 demonstrates the lack of effectsymmetrical invened-U dose

coincubation with

and phagocytosis [14]macrophage qrtotoxicity [96,l6], oxidative burst [15]



| / " /
i

5:
-D
c

72 ' \ |l»
0 -a12468 a n\ -Q_

/
M1-131 ( l ogFragment[Dynorphin

cellsCL of J7741-13dynorphin fragment



w
13] (1 M)Fragment | -[Uynorphin

coincubatcdof J774 cellsCL1-13fragmentEffect of dynor r p h i nFigure

U/mlrintcrfcrbn



L u

A +

Mn <1°S[Met-Enkephol

of J774 cellsCLmcbcrxkcphalin



Hn (log[Met-Enkephol

wi t h 5coincubatcdcellsCL of 1774met-cnkephalinofEffect6bFigure
1-imcrfcronm



[Neurotensin]

cellsCL of 17'/4Effect ofFigure 7. ncurotensin



( l og M)[TuFts1n]

CL of J'/'74



61 Control Q . .#J D
c r - - - ' Q

H[ T u f r sm ]

5 U/mlooincubatcd withCLofJ774 cellsof tuftsinEHcc1Figure 8b 'Yo n

).(fo8a shownfrom Figure o - c z( )- comparison



(log M)Peptide]Intestinal[Vosooctive

cellsCL of J'/'74



effects of NE Dosages rangeresponse

lob indicatesstimulated oxidative

outcome when cells were incubated with Y

latter case a dose-related inhibition of CL

macrophages

the cffecls of this hormone on 1774 CL

familiar invened-Uwere studied r e s p o n s e

effects of melatonin on oxidative burst of 1774

coincubated with melatonin and INF. themacrophages. When cells

membranacew

stimulatory effect on J774 CL inducing

(GABA) [99]_ a finding which has beenneurotransmitter y -aminobutyric

(unpublished observation). Since GABA has been shown

[100] I examined is effects on1774 CLmacrophage stimulating

associated with

of  enh anc ed  C L  ( not

inhibitory neurotransmitter, is involved m theIt is believed that GABA,
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deprcssamsbcnzodiazcpinemechanism of

benzodiazepinemechanism involves a three-way complex fom1ed between

receptor, GABA and the cellular chloride channel [10l,l02]. Benzodiazepines

physiologicalpharmacological probeshave therefore

benzodiazepinesrolc of GABA. reports

diazepam, has a modulatory effect on oxidative burst of macrophages [103]

highest diazepam dosagebroadenedthe dose response

neurocndocrineWhile the mechanism of action by which the

cellsthe oxidative burst

substances act centrally by altering the membrane poxential of specific

[104]. Using the membrane potential sensitive fluorescentpopulations

neuropeptidcs

the membrane potential of 1774 cells. It was onlyneuroendocrine

approach mel with successexamined that thisnorepinephrine (NE)

dissolved in  buf f er  (sec  Mater ials  andcells adherent to glass coverslips. NE

the glassHu or omet ry
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~ s2>i i lu§¢§`JE ~ 6h rpembfanc _pofént i al  of  adherent  J774
cel ls  detcm1incd
t r eated wi th  1 00

h v r hanve i n  f l uor es c en ce imemi t v o f  adh er ent  J / / 4  c cu s

H$n'i5Y§?:l;ii (Er§5\'I§iE]= 1o'M). 'mm _inqme P9*1=" it'
'bwere added or cuvetlrcs  wer c  amated. T r ac es  'a '  an dtime when treatmcnts

,{¢`5éd§{iI>}1§ (/§é¢ each) of 2,,f¢mm1 (EzOH) or 2,1
(VAL) (100,.M stock solution). Trace 'a' adso illustrates
exhibited by fresh mixtures of cells and dye prepared < 10

show results of replica
cwanolic valinomycin
decay of fluorescence

r .examination in Huoromcte



experiments,

in the fluorcsoencc intensity. The additionrapid shifts

addition of buffer alone no change in fluorescence

Huoresccncc intensitymild agitation had no effect

Valinomycin dcpolarizes cells [95] thus inducing increase

and b also show that(t races  a and b) . T1fluorescence i

had nol of ethanol (EtOH), the solvent for valinomydnthe addition

Upon the addition of NE such that the finaleffect on fluorescence

10" M in NE, a rapid transient decrease in fluorescence wasconcentration

hyperpolarizalion



DISCUSSION

chcmjlumincsccmThese studies have demonstrated that

macrophage

imponancencuroendocrineneuropeptidcs

case where modulation of CL was observed, an invencd-Uin almost every

response was obtained. A careful examination of the literature indicates that

such a response is characteristic of the physiological actions of neuroendocrine

significancezempxing to speculatesubstances [l05- 108]

invcncd-U r e s p o n s e

above and below which we findwithin a cenain concentration

stimulation of activity. Although the invesugauon

multi-way interactions between thefamily of poséibleconsider how the
/

complex regulatoq/networkmight contributeneurocndocrine

such interaction doesestablishedstudies

pharmacological interactions in cellsCatecholamines and opioid peptides exhibit

of 1774 cells willwhich modulate the CLncuroendocrine

exhibit multi-way interactions



their effects (Figures

the opiate receptor-antagonist naloxonc on opioid peptide-induced modulation of

oxidative burst wa determined

(Figure 4). 'Huis rcsullEND andthe activity of

that of Foster and Moore [20], who determined that DYN-enhanced stimulation

naloxone-reversible importantof macrophage tumoricidal activity

opioid-inducedcharaderizc r e c e p t o r

with a tmc. naloxone-reversible receptor

lymphocyticpeptides

[112.113|. Themcdiated by a non~classicalbeen observed

also enhanced by non-opioidenhancement of natural killer cell qnoxoxidry

B-endorphin [59]

ffagmempotcncy with whichinteresting to note

theoptimal dosage5a and b). The1-13 enhanced 1774 CL

opioids_10'l fragment is considered to be an extraordinarily

methionine enkephalin (mel-ENK) unable

macrophage

[19], antibody-dependant cytotoxicity [l7} and chemotaxis [22]. Peterson ex al

oxidative burst of human peripheral blood mononuclear



range of dosages ( 10'morphinebycells

macrophagestudy of opioid peptides°'M). This report represents

macrophages

difference observed is the general similarity between dose response

obtained with and without added y-INF. Foster and repon

addition of a priming

any effecm of added opioidperitoneal macrophages in order to observe

determiningNielson [15] notes that the mechanism of cell

humanB-adrenergic modulation of oxidative

c emobilization induced bydifferences in

intestinal peptide (VIP) are threeNcur otcn s in  (NT ) ,  t u f t s in  and

previously been shown to modulate rpacrophagehormones which

their abilitythcreforc of

modulate CL in 1774 cells (Figures 7-9)

ncuroendocrine hormones andthe effects of

suggest that suppression of adivity isdmgs on macrophage-monoqne function

obtained inAn invened-U dose responsewhether or not w a s

dose-related depression of CLINF (Figure l(}a) whilethe absence of



summar izeexamination it is interesting

norepincphrinc completelyfindings by stating

macrophages by -y-INF. Their figures, however clearly illustrate an invened-U

significantlydosagesdose response range

macrophage target cytotoxidty

prevailing paradigmopenly

increase cAMP levels suppress macrophage

Many functions of the macrophage

photoperiod

mononuclear cell hyperplasiamacrophage count

Fox found a circadian rhythm in levels of add phosphatase

macrophages [12l]. Melatonin, the major secretory product of the pineal gland

[l22]. A recent reviewhas been shown to modulate cellular

melatonin which

interesting to End that melatoninzhis backgroundimmunology

Gnd additionalCL in

study of immunologically relevant interactions betweenapplication

substances, as these hormones

(GABA) can stimulateThe inhibitory neurotransmitter y-aminobutyric

for at least pan of the[100] andmacrophage

Chinese medicinal herbhavemacrophage-stimulating



Asfmgalus membrunacexu [94] . I t  was  that  obsc rvat ion

effects of GABA and its pharmacological probe diazepam,characterize

benzodiazepines13). Diazcpam(Figuresthe CL of J'/'74

only pharmacological agents pcninem

macrophagepsychoncuroimmunology which have been studied

r e p r e s e n t s  a n  ¢ x p C f i l T \ C I ` | lP33sD, [103] by gf0\-'P

suppon of the hypothesis that stress-related

13) is very similar to that found by Zavala and

extensivelyIonic channels have

information processing.transdudionthey function in

cells of thechannels have been consideredvoltage-gated

cells of thesimilar channels

lymphocytes [124-126] and phagocytes (neutrophils and

these attributes, which, on closermacrophages) [127-l30,l04,l3l,l32]

to ac t  at  t he very in ter f ace bet ween the n ervous  andexami n at i on

describes theelegant reviewimmune systems.

classically excitableobservations which qualify cells

lymphocytemembranes. Ion channels majoraPP°m

killer cell acxiviry [l37]. immunoglobulinblatogcncsis [l34,l28,l35,136], natural



regulation of oxidativefunction [138] and

(neurot r ans mi t ter )system (CNS) respondof the centrd

signals in pan by undergoing changes in membrane potential as functions of

hyperpolarizationsneurotransmitter exposure. Depolarizations

application norepinephrinehippocampal upon

hypcrpolarizcd by[l40]. Similarly, cells of the locus cocruleus

application

Bcmuse NE hypcrpolarizes cxdtablc cells of the

membrane potentialdcterminc the effects of this catccholamine on

14). Fluorescentcclls, the oxidative burst of which il readily modulawd (Figure

obvious changes in fluorescence intensityprobes of membrane potential undergo

dcpolarized or hyperpolarizedthey

fluorescenceIn the case of the dye used in the present study, DiSC,(5)

depolarizedthe cellsintcnsity
/

hyperpolarization. The effed of depolarization is illustrated by the addition of

and b). This substancevalinomydn to dyed cells (Figure 14

f luorescenceconditions of the experiment. A concomitant

transient decreaseaddition of valinomydn. The

addition of NE (l0'°M final concentration) represents a NEfluorescence

hypcrpolarization

of theestablish the



macrophage-mediatedin terac t ioninvestigating

ncurocndocrincwi t h system. Systemcomponentsresponsei mmu n e

mechanistic studies,particularlymethods describedand may

asociated with theproblemfree of the primaryu s eexperiments

m 4 macrophageparticular theand studies

of neuroendocrinesignalstransmembrane
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MODUIAUON OF MACROPHAGE CHEMILUMINESCENCE

BIOLOGICAL RESPONSE MODIFIERS AND NEUROENDOCRINE

HORMONES

Ncurocndocrine mediators have spectmm

neu r o i mmu n esuggestingi mmu n e

effecting feedback control response

tissues. Under these: conditions it becomes difficult to copeblood and other

with numerous variables associated with the complex milieu of the

using ainterpretation

devclopcd lo circumvent these problems. Usingmacrophage cell line, 1774

the biolngicalthis model, macrophages activated by

lipopolysaccharide, bacillus Calmettc-Guerin, Corynebacterium

+13 interferon and y-interferon exhibited a readily observed and quantitated

modulated by thechcmilumincsccnt oxidative burst. This

ncuropeptides B-endorphin, dynorphin A, neurolensin and luftsin as well as the

neuroendocrine hormones norepinephrine, 1 -aminobutyric acid and the pineal



mechanism ofof norepinephrine,n themelatoninhormone c a s e

membraneof the macrophagehyperpolarizalionhormone-mediatedinvolvemay
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