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S absme

1

: chronrc Qtd) overfeedrng (14 ican) and underteedrng (7 kcal/d) and
: 24h food dep |vatr%was determrned toZ:nfy the relatlonshrp between

overfeedmg, body fat content tood dep ion and bram noradrenergrc

actnvrty Four-week-old temale muce (C57BU6J +/+) were underfed or

| N overfed in a meal—feedlng paradngm a 60% fat diet provrdrng equal nutnent
o .-.densmes except for protem and carbohydrate Constant protem mtake was
S 4 .

_ fmalntalned across groups to mrnrmlze the vanatron ln protern avanlable for

growth and to |Imlt vanabrllty of tyrosme avallablllty from dletary sources NE

£ -j'meat at the. end ot the dark penod dunng the thermlc effect of the prev1ous .

., "';meal NE synthesrs rate Was calculated from the rate of NE a?cumulatron after

o _,monamlne oxndase |nh|bmon by parglllne and cJorgyIme The rg}ko of tyrosme
. '_.',to neiitral ammo aCLds ltyrosme/NAA) in plasma was examrned to determrne rf

L tyros|ne avanablhty rnfluenced hypothalamrc NE SyntheSIS rate under these

' "overfeedrng resultmg m a 36% dlfference in body tat content) had no effect on

’NE synthesrs%rate m the hypothalamus or rn the rest ot the bram Srm:larly, -

'f'-"-]f"v_-’;‘_.f.:’nucler lncludmg suprachlasmatic paraventncular (PVN) Iateral ventromedral

'_.i:\'-*t"."'(\/MH), dorsomedral antenor and arcuate nuolen The VMN was the only

..N.i._f__.“hypothalamlc area studred that showed a srgnmcant dtfference m NE
. A_"'v'concentratron between underted and overfed mlce wrth chromc overfeedmg
e ':_j»"‘;producung a 32, 2% hrgher NE. concentratlon Although the. acutely underfed
B mnce had a IOcWer tyrosme/NAA ratro the NE synthesls rate drd not drtfer

t Hypothalamrc noreprnephnne (NE) synthesns rate dunng ac,ute (1d and
: 3d) and

L3

i .»;‘ chronlc oveﬁgedwg dtd not aftect NE synthesrs rate |n specnf ic. hypothalamrc

-.'::,‘isyntheS|s rate was determlned begmmng at 20 mlnutes after presentatlon of a -

EN

cu'cumstances Acute and chromc underfeedrng versus overfeedmg (chronlc '
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: Energy balance is normally a pﬂyswloglcally regulated process such :

g that over tlme an rndrvrdual's energy rntake approximates expendtture and

AR

'--:body fat. content is defended Energy balance is achteved when mgested food

'venergy equals the energy erended plus fhat lost in feces unne and as heat -

- ) productton A clear exammatton of the rnechamsms for welght galn and Ioss in

| 4‘ammals reveals that vanatlons m food iritake are not always accounted tor by .
'dlfferences ln ‘body fat or welght (1) suggestlng the possubthty of vanable .

'. efftcrency of energy utrhzatlon S ’_ . I

< . [

4 The abtltty of lean. tndlwduals to- mamtaln energy balance on intakes that- '

' cause obesuty in others suggests that the former possess a mechamsm forr
e dusposal of unwanted food ~energy. Evrdence for such a mechanlsm comes 1 -
.' 'from a series of overfeedmg\expenments carned out on human volunteers .

vwhrch suggested that obesrty could be a{esult of a thermogemc defect rather "

than tect in tood intake regulation ).

-

o A number of. complex mechamsms have been proposed for the |

regulatmn ot tood mtake {3). many ot which have suggested a central wle for B
‘the hypothalamus The demonstratron thet mtrahypothalamtc |nject|on ot the“
‘.;catecholamtne neurotransmltter norepmephnne (NE) mduces feedmg, and.
that moderate depletlon of bram NE causes a reduction rn ad lib food tntake in. '.

rats suggests a role’ of bralﬁ NE in the facrlttatory control of feedmg (4)

J..

_ ' . When examnnmg the rol"e of output in.the regulatlon ot energ balahce |t~"

. ‘|s wsual. to divide expendlture mto\several components These components

L mclude obhgatory and facultattve thermogenes?@ Obltgatory thermogenesrs is- ".
' that due to the basal metabolrc rate, the thermt&#‘aﬁect oHood and voluntary |

acttvnty (5) Facultat“ ve or. regulatory thermogenesrs is the energy expended in



" oo . . N : : . :

. (L} . Y —

o excess of the oblrga\ory demands and mcludes non-shivering thermogenesrs o
- 4 (NST) and, dlet-mduced thermogenesus (DIT) DIT |sxdehned as the Iong-term" .y
| adjustment in metabolic rate and heat dlssnpatlon follownng overfeedmg (1) is

l consrdered a facultatlve thermogenesns because thls me"c/h;ntsm operates ‘%, .
. 'reSISt welght gam ano obesuty dunng overfeedmgg, and bGCOmes‘lnactlve fo oo ;
~ help_ conserve body energy dunng penods of food restrlctlon and starvatlon .
\ (5) - | : : -

S C

| 'Cat_e_chol_amines may play a critical role' in the fegulation of energy -
 balance. 'Th’e brain catecho'lamin'e norepinephrine (NE) ha?‘b

éen implicated in
: many functlons related to energy balance as a stlmulus for food mtake (4) and .

: for thermogeneSlS in brown adlpose tlssue (2).

- .
°

The oblectlve of the’ llterature revnew is to provrde a descnptlon of braln:",:L "

y 'NE metabollsm and an overvuew of the physnologlcal sugnmoance of braln NE I
| metabollsm pamcularly in the hypothalamus and hypothalamuc nucleu It will
' also focus On the role of brain NE in the- regulatlon of energy balance, =

- specnflcally b,y studymg the relatlonshups between ene Intake, energy o

. expendlture,.body fat content and braln NE synthesus rate. -~ ' - N

lcance of Noreplnephrlne Metabollsm -

N The hypothalamus corfstltutes less than one- percent of the total volume
_of the’ bram yel lt contams a large nu \ber of neuronal circuits concerned wnth :

- vntal functions. NE and a vanety of sugnals are lnvolved |n  The functioning of

——

these curcunts by controlllng the regulatlon of temperature, heart rate,” blood :

pressure blood osmolanty mood and water and food lntake (6) leferent |

reglons of the hypothalamus are specrallzed for dlfferent functlons (Flgure 1),

\v"\.

o
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"The dorsal part of the hypothalamus mcludmg the Iateral hypothalamus (LH) .

: paraventncular nucleus (PVN) and the dorsomedlal nucleus (DM) has been"'
_ ascnbed a stlmulatory functron in feedmg behavror whereas the ventral part of_ :
. : the hypothalamus rncludmg—the ventromedral nucleus (VMH) and the arcuate
. nucleus (ARC) has been. attnbuted an mhrbltory functron srnce Ieslons ot the'
dorsal and ventral part result ln respectwely, hypophagla and hy;emhagra in -

rats (7) The antenor hypothalamus (ANT) rs mvolved m body temperature X

S '-"regulatlon wrth electrrcal strmulatlon of thrs area causmg heat dussrpatlon (6) ‘

‘ The presence of a crrcadran mechamsm in the suprachrasmatlc nucleus (SCH)

_ provrdes rhythmlcrty of cortlcostenod release teedmg, drmkmg, locomotor
»'actlwty and several other respénses (6) o |
Neurotransmltters such as“fﬂE are the chemlcal Irnksafor neural

- communrcatlon among cells and appear to rnﬂuence behavuor by actmg on the :

. cells of thelr target trssues NE neurotransmlssron mav be mtluenced at-one or‘ |

. more. steps on the metabohc pathway, rncludlng synthesrs release receptOr

l bmdmg, reuptake and catabollsm The flrst potentlally mfluentlal step is the‘

| -uptake of tyrosrne the ammo acid precurs0r to NE across the blood braln
_ barrrer Fluctuatlons m tyrosme concenttatlons may mfluence NE synthesrs_'
because the rate Irmltmg enzyme in NE synthesrs”tyrosme hydroxylase lsi
unsaturated at physrologrcal levels of its substrate (8) * Once in the' neuron
: .tyrosme s hydroxylated to dnhydroxyphenylalamne (DOPA) by tyroslnﬁe'}
hydroxylase "DOPA is rapldly decarboxylated to. dopamlne (DA) in a reaction

‘_;"tl_.catalyzed by aromatrc L-amino acrd decarboxylase Dopamlne B- hydroxylase ,‘

’ ’f"hydroxylates dopamme to form NE wrthm storage vesrcles (9) (thure I2) ,

- When a strmulus rs suftlcrently Iarge enough to cause an actlon potentlal to

.A travel down a neuron NE |s released trom the nerve termrnal into an‘ g

extraneuronal.gap.~ called a ‘synapse. Once l‘the synapse. NE b!_nds wnthﬁ_



" aromatic
».L-amino acid

‘tyrosine
hydrqulase .

Hom C=H o . HemCe=H 6

NH2 -

. -NH‘2

tyrosine - . ' 3,4- dlhydroxyphonylalanlno
S » (DOPA)

33

do'panin&B— .
hydroxylase - > _

34-dlhydroxyphonylothylnmlno . T .nbropl'r_\ophl'lno

(dopamlno)

“Figure I-2. Pathway- of synthesis of norepinephrine

_ decarboxylase ) v'.-

RN



f, RS _receptors on pre- and post synaptlc neurons to produce btologtcal responses
A ,_-The adrenerglc receptor}/re dnvnded mto two mam classes o and B based on

4 _' dlfferences m thelr sensrttvmes to vanous agomsts and antagomsts (10) The .

et

. physrologlcal responses mednated by a-receptors |n some tussues are drtterent
- jor opposlte to those medlated by B receptors but |n other tlssues the .
responses are srmllar B4 and o are normally postsynaptlc in nature whereas ._

: -[32 and oo ae. predommantly Iocated presynaptrcatty in the sympathetlc

: 6

R

‘v termmal Junctlon (11)

A ma}or portlon of the NE released undergoes reuptake some ot which -

i is revesrculated ‘and some is further catabollzed . The" catabohsm ot NE,
mvolves pnman|y twa enzymes monamme oxrdase (MAO) and catechol O-

. ,}.methyltransferase (COMT) In. addltlon to these two major enzymes an "
| g atdehyde oxidase and an aldehyde reductase act on the products of MAO and; '
o COMT COMT is present mamly outsrde the sympathetrc neuron in contrast to |
' MAO vﬂnch has an rmportant role in the regulatuon of the mtracettular Ievel ofv :

[

, MAO deammates NE to 34 dlhydroxyphenylglyco dehyde whrch is |
elther reduced to 34d|hydroxyphenylglycol (DHPG) or oxudlzed tof"
dlhydroxymandellc acid. (DOMA) mtermednary metabohtes are- .
methylated by COMT 1o form 3-mett?£[4€ hydroxyphenylglycol (MHPG) a
. ’ajor end product of NE catabollsm and vamlmandelrc acrd (Vt(aA)

spectlvely (12) Srnce DOMA is tound only in trace amounts in the brain;
VM ot a major metabohte in the central noradrenerglc neuronal system.‘ '
(13) Anot or pathway -of NE catabohsm ts extraneuronal where NE rs

methylate .by OMT" to form noremetanephnne (NMN) and then turther.

w deammated to MH G (12) (Frgure I- 3)
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‘MHPG - 3-methoxy 4-hydroxyphenylglyco|
: '.MAO monamine oxidase
N » : COMT ‘ ca_techql-O methymansferas&-



Bram noradrenergrc actwrty can be assessed by several methods.f:

_ Measurmg NE concentratnon m trssue represents the net content ot NE’

. *reflectmg synthesrs release reuptake and catabohsm at one pomt in trme but-e

does not relrably reflect the rate ot flux through the pool (13) The measurement )
“ of NE metabollte levels such as MHPG may be a sensutlve mdex\of central NE. ,
B turnover but there are mdlcatrons that these levels may be more sensitive to:
mcreases than to decreases |n turnover (14) Hypdthalamlc NE lS also‘l‘_'
measured by change ln NE concentratlon after blockade of NE synthesrs by a-
methyl para tyrosme at tlmes rangmg from 2 to 4 hours aﬂ:r a- methyl para-’»
| tyrosme lnjectlon (15) The tlme course of the declrne ln NE concentratlon 1s- ‘
l 'gnecessary to- mvesttgate |f the assumptlons of steady state klnetlcs are met. »'
/Ftate of accumulatlon of NE after mhlbltlon ol NE catabollsm\by the monamme |
" oxldase (MAO)\mhrbltors pargylme and clorgyllne IS an alternattve means of ‘
—assessmg NE turnover and may be one of the most\sensmve methods (16) |

',Another method of assessment IS to place cannulae |n specmc braln srtes

o Release ot NE from cannula srtes is qunte sensmve to moment by moment

‘ "changes m noradre ergrc actlvrty but conflrmatron of the specmc placement of

.cannulae is dlﬁlcul (17) When analyzrng or mterpretmg results of changes |n_

e .’NE concentratlon or NE turnover the dlfferent technlques used to measure

: oradrenergtc act i |ty must be carefully exammed The fallure of a stlmulus to‘

change NE con’ entratlon does not exclude the possrbrllty of elevated or
. ‘decreased turn ver Conversely, a change in NE concentratton does not'

, necessarrly tnd cate ‘change ln turnover



B Role of Braln Noreplnephrlne ln Food lntake Regulation

: The cIassucal theory of control of od mtake |s that there lS a feedmg
center in. the lateral hypothalamus and tfgt if’ thrs center lS damaged aphagta
;occurs In addltlon there lS a satlety center in the medtal hypothalamus and it
'thls is lesroned hyperphagua occurs (6) More recently, the complexnty of '
4 -lnputs 1o the hypothalamus has been recognlzed T he hypothalamus recelves
lnput from metabohc hormonal neurogemc thermal and cortrcal factors:..'
. ‘descnbmg the nutntnonal status of the organlsm It has become evident that .f;":
hypothalamlc control of food mtake mvolves a balance between a number of.g'

“peptlde neurotransmltters and the monammes (18) Centrally admlnlstered

L f : cholecystokmln (CCK) mhrblts food mtake |n the rat and is consmlered a true' :

| . satlety peptlde (19) Glucagon msuhn somatostatln bombesm and calcatonln:-“

“'also decrease feedmg after penpheral admmlstratlon (20) Recent research

- ~has emphasnzed a role for the cortlcotropln releasmg factor (CRF) as a potent R

i f"mhibltor ot teedmg CRF exerts lts effect on food mtake when mjected into the

o _PVN but not when ln]ected lnto a number of other areas Thls is the area within

S lnhlbltory substance wuthm the PVN

‘ ‘_‘the bram where NE lnjectlons produce maxrmal stlmulatlon of feedlng (20) Thls"' |

) suggests that NE mcreases food lntake by suppressmg the release of )

Two classes of neuropeptldes namely the oploids and the pancreatlc__
E ”polypeptudes (neuropeptude Y and peptlde YY) actlng vua az-noradrenerglc :

"f,receptors have been assocnated w1th NE ln the stlmulation of feedlng Tests in

R dlfferent nuclen of the hypothalamus reveal strong sensmvnty |n the PVN to"

L these endogenous substances (20) The neurogenlc hormonal thermal and-

',',_cortlcal factors may functlon bOth |n assoc1at|on wnth and mdependently of."

: ®



f,nen dogenous NE dependlng upon brarn area and the curcumstances through .

: ~f”wh|ch they become actrvated . D f..}. RS

lt is postulated that NE is lnvolved |n food rntake regulatlon as.

”mrcromjectlons of NE rnto the PVN and at no other srte acutely e||c1t teedrng'

L "even in the satlated rat (21) Chromc NE mjectrons mto the PVN of rats mduce -

v

a long term lncrease |n dalfy food mtake and body werght garn (21) The- '

- _‘ '-demonstratlon that dlrect mtrahypothalamlc ln]ectlons of NE can elicit feedrng

S rats strongly |mpl|cates NE'in the neurochemlcal precesses affectmg feedrng._ |

~-behavnour The fact that feednng\s relrably remstated by mtrahypothalamlc NEY
fadmmlstratron WhICh would not be expected to stlmulate penpheral NE .
1 receptors,vsuggests the converse possubtlrty that the |nh|b|tton of feedmg

' produced by pharmacologlcal depletron of NE L4) rs at, Ieast partlally due tol"_ ,

- central NE depletlon

_ If facrlltatlon of feedmg lS dependent on. the release of NE then
| mampulatlons which reduce braln NE actlvrty should tnhlbnt feedrng Data from‘ |
such expenments have not consrstently supported a: role for braln NE as a
'}facrlrtator of the feedtng response Blockage of a-adrenergtc receptors inhibits
B ‘feedtng lnduced by central- NE admrnlstratlon (22 23) but Broekkamp et al’ ‘
= (1 974) demonstrated thalt a~adrenergrc blockers mhlblted consumptlo of food
- |n the: satlated rat yet falled to do so ln anrmals depnved of tood for 24 hours .':
j}-“'(22) Thrs evrdence tndlcates that NE tacnlltates feedmg but rnay not be the
sole strmulus tor food mtake, partrcularly m the lood-depnved anrmal Food
E intake is a complex functron of a number of external and mternat sngnals s
_.t\‘getﬁer and the role of the noradrenerglc system on: naturally occumng"g.

feedmg behavnor remalns unclear.



; |n rats by a subcutaneous rnsulrn rnjectron hypothalamrc

11

C Effect of Feed—Deprlvation—and Feedlng
on Braln Noreplnephrlne Synthesls E

L |f mcreased braln noradrenergrc actlvrty facrlrtates feedrng,'and decreased

'l,,_._”’:.noradrenergtc activrty mhrbrts feedrng,_the actrvrty 6f ther hypothafamlc

noradrenergrc system and consequent NE turnover should tend to vary as a

a2 function of food deprlvatron and feedrng, such that depnved ammals have a

}:--hrgh NE turnover and fed anlmals have a relatrvely low NE turnover Such an

| "-f‘;}assocratton has been found between the actrvrty of NE neurons in the

| ty-”hypothalamus and central glucopnvatron (24) When gluj:opn?tron is mduced

E turnover (as

. 'usmg a—methyl para-tyrosme) is rncreased (24) Hypothalamrc NE turnover in

\

o '_»’measured by declme |n transmltter concentratron after synthesrs mhrbrtlon

) these rats returns to control levels after feedmg In the telenoephalon mldbrarn

‘-‘".and bram stem regrons NE concentratrons were not affected by msulrn

admlnlstratlon or by food mtake erther dunng or after glucopnvatlon (24)
o rndrcatrng that the hypothalamus is the specrfrc reglon for NE rnduced feedrng
Increased NE turnover rn rats made hungry by msulm-rnduced glucopnv.atlon
- s followed by the onset of feedrng Perrmttmg the animals to eat~ a small amount

L ,_'of food erther dunng or after the hypoglycemrc penod abolrshes both mcreased

NE turnover and further feedrng (24)

“The effect of chronrc food depnvatron on bram NE concentrattons and

' ‘turnover has yrelded confllctrng results (25 26 27) Glrck ot al ’(1973)

, lconcentratlon relatlve to ad Ilbltum fed controls whrch may be. tndlcatrve of
'mcreased NE turnover Stnatal dopamrne (DA) concentratron and NE.
,concentratron in the rest of the tel drencephalon were not affected (25)

Stmrlarly. Stachowrak et al. (1976) usrng the punch technlque for mrcro-

t)"

" . ,observed that food depnvatlon for 48 hours produced a Iower hypothalamrc NE o



e fdrssectlon of mdrvrdual hypothalamrc nucler (26) found a decrease of NE and

-DA concentratron |n the ventromedral nucleus (VMH) m 48h food depnved,

rats Theré were no changes m the concentratron of NE and DA m the lateral;' B

,_"-'Vhypothalamrc area (LH) dorsomedral nucleus (DM) or medral preoptrc area -'
. "(26) Loulhs ot al (1979) found no changes m catecholamme concentratron in .‘
—any of the bram areas studied (whrch mcluded the LH and VMH) in 48h food-
depnved%ts (27) However srgmfrcantly hrgher concentratrons of the mdoles‘f_‘

- serotonin and 5- hydroxymdole ‘acetic acid, m the raphe nuclel and the LH but'

fnot the VMH were observed in the food -deprived rats (27) These changes in -

indole Ievels suggest that specrflc nucler ‘within the hypOthalamus are'_“ -

N dlfferentlally affected by food- depnvatron These results do not necessanly :
mean that no changes in the metabolrsm of NE and DA take place foIfowmg
d depnvatron because trssue concentratrons of catecholammes do not_'

| grﬁably reflect turnover} To further confuse’ the rssue food depnvatron for 22h
: / was: reported to increase. hypothalamrc NE turnover (assessed by tllre declrnej'i

in NE concentratron four hours after «- methyl para: tyrosme) whrle no_ﬁf

changes occurred m hypothalamrc NE concentratron (29) Conversely, Pirke

and Spyra. (1982) reported no effect of 22h food depnvatron on NE turnover,-‘ o

) | (assessed at three hours after a—methyl para-tyrosrne m;ectron) but a reductron

in basal hypothalamrc NE turnover after 48h food depnvatron (30)

. Catecholamme reIeKase before and dunng feedmg has also been. |
determmed usmg a push-pull perfusron technrque a sensrtrve method for the |
contmuous measurement ot endogenous NE and DA release from specrfic'
a‘_eas within the hypothalamus in unanesthetlzed anlmals (31) In rats depnved .
of food for 16h fhen subsequently allowed free access to food, release of NEI .
from the VMH was consrstently hrgher in the food-depnved rats measured at

' ten mmute mtervals pnor to food presentatron than durmg satrety Durmg _
Lo _— o o . L '



leedmg,'NE release from the dorsomedlal and perlfomlcal areas was.

srgnafucantly hlgher than pre- and post-feedmg values (31) The results of this -

";»study mdlcate that NE-contammg neurons assocrated wrth the dorsomedlal'
: and penformcal ateas of the hypothalamus are lmplrcated |n the. mamtenance'

of feedrng and NE- contarmng neurons ln the VMH are assocrated wrth hunger '

-

Ina subsequeantudy, Van Der Gugten et al. (1977) observed an mcrease in
| NE turnover in the ?ostral hypothalamrc area and the dorsomedlal areas in. rats

S who exhtblted a hlgh leedmg rate (32)." o J, SR o

Clearly. the effects of food depnvatlon on hypothalamlc noradrenerglc'
_actrvuty are contradlctory A pos ible explanatron for drscrepancres is the
- -different techmques used to measure noradrenerglc actlwty To complrcate the™ ™
‘rssue further whole hypothalaml as weII as specnflc ‘nuclel have been
_examlned and specuflc nuclei within the hypothalamus are drfferentlally
s affected by food depnvatlorr Thus the. effect of food depnvat:on and feedmg

) on braln NE turnover remains unclear

.D. Role’ of B'raln Norepln‘ephrlne in Energy Eexpendlture‘ o

D nng overfeednng, some anlmals and some humans show an rncrease o

in energy expendlture that seems to compensate for the excess food intake and
' to minimize body welght galn Noradrenergrc actlvnty in the ventromedral

) 'nucleus (VMH) ol the hypothalamus is postulated to be mvolved in this energy' '

: expendnture vna facultatlve thermogenesns It has been suggested that the VMH

is. actlvated by an mcrease in noradrenerg’c actlvnty n the fed state and thrs '

results in both satlety and diet- mduced thermogenesrs (DIT‘)’ Conversely, it

“has been proposed that the lateral hypothalamus (LH) is a?rated duri ng L

,,fastlng. and would stlmulate_ appetfte but inhibit thermogenesrs (33). In support



of the above, hypothesns it has been demonstrated that electncal sttmulatlon of'
the. VMH causes Irpolysrs in brown adnpose tissugr (BAT) of rats, as detected by L

- a rise in plasma glycerol conce@lon whereas electncal stlmulatron of the

14

LH hasno effect (34) ThIS effect is meduated by sympathetlc mnervatfon of'f o

BAT. The VMH acts as a regulatory center for lnpolysns m adlpose trssue by

: modulatmg actrvatuon of the sympathetlc nervous system (35) BAT has A

abundant direct mnervatlon wrth noradrenerglc frbers whereas white adnpose

ﬁ X
‘tissue hassno drrect sympathetrc mnervatuon consequently rts NE content is-

” ;'much lower than in BAT (34) Alteratrons rn noradrenerglc activity, in the VMH E

may be a medlator of ‘the effect of VMH strmulatlon of lrpolysrs in BAT.

. Furthermore the mtraventrrcular rnjectron of NE lncreases plasma free fatty '

acids (FFA) and glycerol concentrahon (36) Thrs response to rrm:aventrrcular

NE injection is blocked by propranolol, a &antagonrst whrch crosses the blood o

| bram barner mdrcatmg the melvement of a B- adrenergrc mechamsm in the

’:centrally medrated Irpolysrs activation (36)

If noradrenergrc actrvrty in specmc brarn areas such as the VMH is'a

' -strmulus for DIT, one would” expect that overfeedrng |n ‘a normal anlmal would E

result ina hrgher NE tumover in that bram regron Levrn et al (1986) found no

'such mcrease in t VMli) of rats who were chromcally overfed for three

._months but an increaged turnover of NE rn the paraventncular nucleus (PVN) B

~ and dorsomedral nucleus (

| para-tyrosme admmlstratron) (37)

L easured over three hours after a-methyl- -

| The majonty of recent research has focused on the penpheral‘ .

B ‘sympathetlc nervous system (SNS) asa medrator of thermogenesrs after a meal ¥

. 2 .
,_and after chronrc overfeedlng Chronrc overfeedrng “of sucrose ora mrxed'

palatable cafetena dret mcreases*lE turnover rate. tn heart and rntrascapular -



R been shown to rncrease NE appearance rate in plasma consrstent wrth

-t C : . 1D .
P N -

" BAT in- the rat (38) ‘and modest overteedmg in normal human subjects has
rncreased SNS actrvrty (39)
| lf brarn regronal NE vanes ln responsewto short-term changes in energy

‘ rntake rn normal werght subjects ‘With subsequent actlvatron or suppressron of

B perrpheral sympathetrc actlvrty these changes may partlaUy explam why. some

rndrv:duals marntarn a relatrvely constant body werght desprte large vanatrons >

in food intake.

E. Relatlonship%taln Noreplnephrlne
' Metabolism wlth Body Fat Content ‘

o

Bram NE metabollsm may also be related to body fat content
Genetlcally obese rodents show Iower rates ot NE turnover in brarn (40) and
BAT (41) than their lean counterparts supporting the hypothesrs that obesrty
- may be related to a thermogenrc defect In humans evrdence for. the/ -
. relatlonshrps between brain NE metabolism and body fat content rs indirect,. but
rndrcates that NE metabolrte excretion rs altered in obesrty Catecholamme |
metabolite excretron in women with - normal body fat content has been
' compared with that of obese women (42) A" unnary metabolrte of NE, 3-
methoxy-4- hydroxyphenylglycol (MHPG) |s derlved from both . central and
penph_‘rg> sources wrth the brain contnbutrng between 20 and 60% (43). In -
normal welght women the excretron of unn“ary MHPG is. drrectly correlated wrth
body fat content, and is -not relate&%e enang;ntake The obese women show

. an elevated MHPG excretion whrch st t%l "_to eﬂengy intake or percent of -

body fat (42) The abnormahty in catecholamtt‘lhmetabohsm in the obese has
‘ been further supported by the ‘work ot BaZelmans ot al (1985),,‘ln their study- of |

srx obese males the absence of any reductron of NE metabolrsm wrth underr



v

16
>feedlng, and an. msrgnlflcant rlse in- NE appearance rate wtth overfi\edlng,:_'

,,,,,

suggests that penpheral sympathetlc re*ons:veness to changlng energy,

states is blunted‘ln the obese (44)

NE metabollsm is also altered when body fat content is low ln women -

with anorexla nervOsa the excretlon of NE. metabolltes mclucflng MHPG lS low . o

' "and refeedmg for one week does not result in normal quantmes of urmary

» catecholamme metabolltes (45) Furthermore the reduced caftecholamrne\

| ‘metabollte excretlon in: undenlvelght women ‘only returns to normal when C

.

: refeedlng has resulted in welght gain to normal Ievels (45) , R

These results suggest that both central and penpheral NE metabolrsm_

may be altered wh"en body fat content |s,

extremely low (as i anorexua nervosa)

_mdependent of energy it
" NE involvement in humans ' t results suggest a dlrect relatnonshlp between ‘
brain NE ‘metabolism and body t content in normal welght and undenrvelght

, ‘women lndep\endent of energy mtak C

1

*F.Summary

" : ¥ . . .
ln conclusuon bram noradrenergrc actrvrty appears to be lﬂVOlVGd in
. several components of energy balance including: both food intake and energy"
Vexpendrture Although the evndence is consnstent that NE enhances food '

intake acutely and welght galn chron“cally, the effects of NE depletlon on food_ |

rmally hrgh (as in obesity) or
“effect that appears to be.

e. lt is difficult to address the questlon of centralf

"lntake and weight are mconsustent Furthermore glucopnvatlon lnduced- byﬂ -

lnsulm lncreases hypothalamic NE turnover while reports of the effects of food

depnvatron on bram reglonal NE turnover are mconsnstent NE in specnflc

hy@othalamfc regrons may be mvolved in the mltratlon of food lntake wrth'



T e

synthesrs rate mcreased pnor to a meal and reduced aﬂe‘ ra meal Thls pattern

- in brarn noradrenerglc actrvrty rs a stumulus for thermogenesrs lf NE is a key _.jt

B

of noradrenergrc actwrty lS not compatrble wrth the hypothesrs that an mcrease 4' -

rlegulator of energy balance one would expect an mcreased NE synthesrs rate

after overfeedmg and r’educed NE synthesus rate after food depnvatlon or

- underfeedlng Itis possrple that twc or more hypothalamrc S|tes are mvolved 1n

food mtake and thermogenesns and respond dlfferentrally to feedmg To

s warranted et '. '_ S

: human obesuty R

s examlne thls possubllhty, a study of NE tumover m specuf chypothalamlc nuclel

."»

L 79

Alteratron rn bram NE metabollsm is. seen m genetlcally obese annmals

'and unnary excretron of NE metabolltes IS decreased m obese women

I

o . Whether these abnormalltles m NE metabohsm are a cause or a result of
S obesuty has not been determrned lt is rmportant to clanfy the relatlonshlps
L between food depnvatlon overfeedmg,_body fat content and bram n r-

e adrenerglc actrvuty because the |mpI|cat|ons are substantral for the treatment of

L7

G Obiectlves of the Present Study

L ; T '
The objectlves of thls study were to mveshgate the relatronshrps

o between energy mtake food depnvatron body fat content and bratn

noradrenerglc actnvrty in normal mice. It is hypothesrzed that defense of body

B fat content is ot pnmary |mportance rn the regulatron of energy balance

[ jll'herefore |ﬁs hypothesued that acute underfeedlng wrll decrease and acute
' overfeedlng wnll mcrease NE turnover and thls wrll be apparent at the Ievel of

| the whole hypothalamus Second when chronrc overleedlng in an othenmse

normal ammal results in a stable elevated body fat content |t rs hypothesnzed

-A y



.' ;.'that NE turnQver in the overfed anlmal wm be hugher than in the underfed

o anlmal and thls will be apparent at the level of the whole hypothalamus and m". o

7 the ventromednal nucleus (VMH) specmcally Thnrd nt |s hypothesn:ed that NE L

“in the paraventncular nucleus (PVN) may be mvolved |n the mmatlon of food

mtake W|th NE synthesns rate hlgher |n food depnved ammals than m fed :
",-'.lj_..ammals el | |
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II EFFECT OF ENERGY INTAKE BODY FAT CONTENT AND
FOOD DEPRIVATION ON
HYPOTHALAMIC NOREPINEPHRINE METABOLISM

A Introductlon

A number of complex mechamsms have been proposed for the

'.,,\ e

regulatlon of food mtake and energy expenduture several of Wthh have L

) “~; |mpllcated the actwuty of catecholamlne-contammg neurons specmcally in the ..
_ 'hypothalamus (1) The demonstratlon that mtracerebroventncular m]ectlon of
@‘é‘t norepmephnne (NE) lnduces feedmg and that moderate depletton of brain NE ). B
': . causes a reductlon m ad lubltum food mtake m rat suggests that brain NE has a
- role i in: the facrlltory control of feedmg (2) leferent reglons of the hypothalamus ‘
Tare specrallzed for dlfferent functlons and the paraventncular nucleus (PVN) is o
a the area wnthm the brain- where NE mjectlo,ns produce ‘maxamal stlmulatlon of o
feedlng (3) . / ) o R |
- I mcreased braln r,tpradrenerglc act:vnty facrlltates 'feedlng, _ and
;decreased noradrenerglc actuvrty Il‘lhlbltS feedmg, the actlwty of the |
L hypothalamlc noradrenergrc system and consequent NE turnover should tend- '"

-'"to vary as a functlon of food depnvatton and feedlng such that food depnved

”‘"'fi,._.anlmals have. a relatlvely hlgh NE turnover Studles of the effect of food By

depnvatton -on noradrenerglc actuvnty°have ylelded confllctlng results (4, 5 6)
- - NE concentratlon has been reported to be decreased (4 5) or unchanged (6) in . :
- ;the hypothalamus or- |n hypothalamlc areas of 48h depnved rats When -
v ._'_'turnover is assessed 22h“food depnvatlon has been reported to mcrease (7), . i

’."'or have no effect 8 on NE syntheSIS rate | e | W
, h It is possnble that the mvolvement of noreplnephnne in the regulatnon of y
x .*i _'food mtake and energy expendlture is, sute specmc and that in exammmg the '

: whole hygothalamus sute specuﬁc responses are masked



,dlet-mduced thermogechesus (DIT) IS suggested by the ewdence that electnca| .- ,
strmulatron of the ventromedlal nucleus (VMH) (9) and mtraventrrcula,._:

|n1ectrons of NE (10) cause rpolysrs in the brown adlpose trssue (BAT) of rats _'

. as detected by a nse in plasma glycerol concentratlon and plasma lree fatty, L

'.'_‘acrds (9 10) However when noradrenerglc actwnty in spemhc hypothalamrc Ll

o areas such as the VMH IS exammed as a posslble srte tor the stlmulatlon of DjT

- :no lncrease m@lE turnover in the VMH of rats that were chronrcally overted for‘

= . three months ts seen but the turnover of NE rn the PVN and dorsomed,lal L

: nucleus (DM) is hlgher than in ad Ilbltum fed counterparts (1 1) Thus a clear

. 'demonstratlon of the role of NE in the hypothalamus or m hypothalamlc nuclel %

U "..

in phys:ologlcally relevant condltrons of hunger “and- acute and chroﬂrcw
" overleedmg is Iackmg | ' 8 S EPRET
' Thus. the objectrves of thrs study were to mvestrgate the rerlatronshlps-_

between energy mtake body fat content food depnvatlon and NE synthesus_ -

" ‘-rate |n the hypothalamus or hypothalamlc nuclel of mice. . Flrst the eﬁects of S

‘short-term underteedmg and overfeedung on hypothalamlc NE synthesrs rate ln.".' .
' 'meal fed mlce were examrned Second the effects of chronlc underteedmg e
.‘ - and overfeedlng (resultmg ln stable dlfferences |n body tat content) in meal fed o
; mrce on NE synthesls rate rn the hypothalamus and hypbthalamlc nuclel were _
| "rnvestlgated Thlrd the effect of food- depnvatron on NE synthesns rate in -
'I':'specmc hypothalamrc nucler was lnvestrgated Last the possnble role of 1: 2

-_ltyrosune avallablhty in r’nedratrngu obser_ved. drﬁerences w_as also mvestlgated.



ET -group and equals 1 5 g/d

 B.Methods

Four—week-old female mlce (CS7BL/6J' +/+ Jackson Laboratones Bar

" ,Harbour ME) were used m aII expenments A1 2- hour hght,dark cycle wrth.‘ :

L, Anlmals and Dlets S e T '.'if.'*.;f'}_.}

| :_.-'-hghts on startung at 0900h was mamtamed throughout the expenments The

‘ mrce were housed mduvnduatly m hangmg wrre mesh cages in a temperature- - |

: controtle_d room (25:t:2°C) They had free access to water throughout the .
. experiments. - “Mice were welghed datly between 0900 and 1000h.  In al o
' _'expenments mice. vtere adapted for one week to a puaned dret contalnmg"'

. 20% of metabollzable energy as protem 60% as carbohydrate and 20% as fat |

- .\.L(Table II 1-control) In expenments 1 and 2 the mnce were adapted to meal

. .feedmg the punfled diet (Table - 1-control) in an, amount equwalent to adf o

libitum mtake (3 g/d) dlwded into" six equal meals dehvered'by a small anlmal

o '%programmed feeder (Hofer. Swntzerland) In expenments 1,2, 3 and 4, after

L “one week of adaptatron all mlce were elther underfed or overfed a hlgh fat diet

',_w1th equal quantltues of protem to: mummnze the vanatron in. protelnt avaulable for -

o "'growth Another reason for mamtammg constant protem lntake across groups .

,"_'.-,'was to Ilmnt vanablhty ot tyrosme avaulabrhty from dretary sources (12 13) The. -

-"dnets except for protem and carbohydrate had equal nutnent densmes (Table

, ll 1) MICB in the overfed group (Table II1 hngh fat overfed) received an

'Eenergy Ievel of 596 kJ (14 2 kcal)/d wrth 0 7. ] protem Thts amount is.
‘ equwalent 1o the ad ||b|tum mtake of protem and energy on thls hugh fat dnet :
‘(Johnston J L., unpubllshed observatlon) and equals 2 9 g/d The hlgh fat d|et |

' | was chosen lo promote vngorous overfeedmg (14) Muce in the underfed group o

(Table |I 1- hlgh fat underted) recetved an energy Ievel of 30 7 kd (7 3 kcal)/d‘ P

) ;_'wnh 0 7 g protem ThlS is equwalent to 51% of the energy mtake of the overfed."," -



ents. . Control - High, fat____ High fat ~_ High fat. -
, R S control ' . overfed . underfed -
e
Cellulose - ;: ' :40 =~ .
R

~ 343 277 . 528
5 - 55 - 54

. Comoilt " o0 8.0 g 164 . - 16.2-
" lard,- BT 50 164 - 16.2 -
© - Glucose %292 RS 137 L -~1.5
+ . Starch- 7., 19.2 - 137 : 1.5
* ‘Mineral thix! ** 4. 3.5 49 ’ 48 -

- Vitamin mix2. -1.0 1.4 1.4
Choline bitartrate. 0.2 0.3 0.3."

_Protein (%) . 200, . . 243 ', - . 200 '37.8
" Carbohydrate (%) . 60.0 -~ =~ 1567 - . 20.0° 2.2 -
CFat(%) = 200 .7 600 60.0 60.0 -~

" Energy Densityd. 155kdlg - 208 klg ~ 206klg - 206klg
R (3.7kcal/g) .. (4.9 kcal/g) - (4.9'kcallg) - (4.9 kcal/g)
' G ow o SRR

1 AIN-76 mineral:mixture (ICN. Nutritional. Biochemicals, Cleveland, OH). Composition in'g/kg: calclum
ghosphate, dibasic 500; sodium ¢hloride 74; potassium citrate, qnonohgdr,qt_e 220; potassium sulfate
.~ 52; magnesium oxide 24;_ man%anou; ca_rbona_te 3,5; ferric citrate 6, zinc qarbonato 1.8; cupric.
_carbong 191%%‘5.90!38_&11"!_,!068“ .01; sodium selenite 0.01; ‘chromjum potassium sulfate 0.55; -and’
., -sucrose 118.03. - . - en : g L e
*2 AIN-76 vitamin mixture gCN Nutritional Biochemicals, Cleveland OHJ.;J Com?osmo_n in mg/kg: thiamin
HC1 600; riboflavin 600; pyridoxine - HCI 700; nicotinic acid 3000; “:D-calcium pantothenate 1600;
- folic acid 200; D-biotin 20; cyanocobalamin 1; rqtlnyypalmnate 800; : dl:a-tocopheryl acetate  20000;
. cholecalciferol 2.5; ‘menaquinone 5; and sucrose 972474.5." " . ~ - o
3 9 of metabolizable energy . - Q el LT T o R
4 Based on 16.8(4), 16.8(4), and 37.8 kJ (9 kcal)/g metabolizable energy for protein from casein,
~ carbohydrate from giicose and starch, and fat from corn oil and lard, respectively. - . -
- * Recommendations from Report ‘f the :‘American Institute of ‘Nutrition:;Ad Hoc Committee on
Standards for Nutritional Studies. (1976) J. Nutr. 107, 13_40-1348'.- S S S

N
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‘ 2. Experlment Protocol o
: Experlment 1. . Mice in the uéd\rted and overfed groups received

) ~'itherr dally mtake in six equar meals wnthrn each treatment delivered by a,_. .

'programmed feeder startrng at 2300h. A treatment duration of three days was
,. Achosen to allow tamllranzatron to the hlgh fat dret Mrce were kllled begmmng"‘
| '._at 0920h, 20 min after presenta?on of the Iast ‘meal for determlnatron of NE

' _synthesrs rate. NE synthesrs ratelrn the hypothalamus and. the rest of the bra|n< :

, was assumed to reflect noradrenergrc actrvrty in satrated mrce expenencmg the

| thermlc ettect of the prevrous meal. NE synthesrs rate was determrned from the - o

. rate ot accumulatron of NE after mhrbrtron of NE catabolrsm by the monamrne

’oxrdase lﬂhlbltOl’S pargyline hydrochlonde (Srgma Chemlcal Co., St. Louis,
| ‘MO) (75 mg/kg) and clorgyhne hydrochlonde (generous grft of May and Baker

o Ltd Dagenham England) (10 mg/kg) Mlce were killed bykdecapltatron at 0, /

... 20, and 40 min. after a- smgle mtrapentoneal (l p) mjectron of these inhibitors

mrxed in physrologrcal salrne (10 mlkg). These MAO mhrbrtors were chosen\ L :

S because two catal!‘rcally dlstmgwshable MAO actrvrtles have been tound o

be present rn the mouse brarn (15) MAO-A actrvrty i sensmve to mhrbrtron by .

low concentratrons of clorgylme whereas MAO- ls relatrvely sensitive to W

"pargylm’e (15) T he hypothalamus was drssected along natural Irnes of

-demarkatron by taking the. anterior commlssure as the. honzontal reterence and

- the Ime between the postenor hypothalamus and the mammrllary bodres as the.

" caudal lnmlt (16) (Frgure lI—W The hypothalamus and the rest of the brarn were
’ _lmmedlately removed werghed wrapped in alummum foil, frozen on dry ice

) and held at -40°C for subsequent determmatnon ot NE wrthm one month Blood S

& wés drawn trom the cervical wound and centntuged and plasma was stored at -

. -40°C untll determmatlon of neutral amino acrds (NAA) wrthrn two months The R

L/ |
» .carcasses (mrnus the bram) were trozen untll body fat content could be
. determmed ' v e - T -
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© Figure ll-1. Medial view of hypothalamic. regions |

. (adapted from Ktjplemian L (_1985) H'xpothalamic and limbic sEsiem I peptidic neurons, homeostasis and. -
emotional behavior. - In: P'nnczples of Neural Science (Karidel, E.R., Scwartz, J.H., eds.) Elsevier Science -
Publishing Co., New York) . B S ’ » '
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B Experlment 2 Mlce were nnderfed or overfed the hlgh tat dlets lor
B one day to elrmmate the confoundmg effect of welght changes resultmg from

'- under— and over—feedmg for three day , The SiX . meals per~day paradlgm was

repeated as in Exp 1. At the end #the one- day expenment mice were kllled |
: as in Exp. 1. Tl:,te hypothalamu‘ and the rest of the bram were dissected for |
- subsequent dete_mﬁllon of NE, ard blood%ajs collected for NAA analysrs as
inExpt. 4% | | B
Experlment é Mice were underfed or overted the hlgh fat diet for '};
‘-eleven days to prqt’fuce chronic changes in body welght and body fat content ‘
Mnce recelved the underteedmg and overfeedmg dlets maone meal per day
., presented at 1600h until the last day of the expenment when the mice recelved j_‘

vtherr dally mtake mmus one meal (equrvalent to one-sixth of the dally mtake)

og - .

The fmal meal was presented at 0900h on the day of the killing.™ Mlce were .

killed beglnmng at 0920h for determmatron of NE syntheS|s rate as |n Exp. 1.
‘Th% hypothalamus and the rest of the brain were dlssected for subsequent'
iR determmatron of NE as in Exp 1and 2. The carcasses (mmus tl!@bram) were :

\J.

",frozen untll body fat content could be determmed ‘ ' ; @ ,
'Eprrlrnent 4. 'Mice were underfed and overfed the high fat diets for .'
" ‘eleven days followmg the same feedlng paradlgm as in Exp 3. MICG were
| killed by decapltatlon at 0 and 40 min. after a smgle i.p:. mjectlon of pargyllne
hydrochloride and clorgylme hydrochlorlde mlxed in physuologlcal saline as

descnbed in Exp 1 Whole brains were removed wrapped |n~alum|num torl '

'trozen on dry ice and held at -70°C for processmg within one month. Forthe.

mlcrodlssectlon of hypothalimlp nuclel the frozen brarn was mounted on a -

specrmen holder using an embeddung medlum (Tlssue-Tek Ot T. Compound@

LY



Lo

o,

Mrles Screntmc. Naperv:lle IL) and then placed in. a hrstostat (Model 855!
Rerchert Jung Screntmc lnstruments Bellevnlle, Ont ) mamtalned at -5 to -8°C }'

Frozen seci?ons measunng 300 um were prepared us;ng the oneptattons of the

stereotaxrc atlas of Slotnrck and Leonard (17) The frozen sectrons weref

mounted°on glass mrcroscope slldes by partlally thawmg the sectlon on the

_ slide, followed by |mmed|ate refreezrng dn dry ice. The slrdes were placed on -

‘a cold plate (Strr-Kool Model SK12 Thermo Electrrc Co. lnc Saddle Brook B
NJ) and the suprachlasmatlc nucleus (SCH) antenor hypthalamus (ANT)

paraventncular nucleus (PVN) ventromedral nucleus (VMH) dorsomedlal'; L
nucleus (DMN) lateral hypothalamus (LH), and the arcuate nucleus (ARC)" &
- were removed using a stainless steel needle wuth an inside dlameter of 430 um
(NlH Style- Neuropunch Fme Scrence Tools Vancouver B C) The atlas of_‘
: Slotmck and Leonard ('1 7) was used as a gurde to locate the nucleu The_ "
S removal of the appropnate nuclei: was conllrmed after mlcrodlssectron by vrsual
rnspectlon of each slide after partlal thawmg Upon removal of the nucler the o

trssue was |mmed|ately placed in 60ul! of 0.1.N perchlonc acrd (HCIO4) and"' /

stored at: 70°C for subsequent NE- analysrs The carcasses (mmus the bram) L

were frozen untlrbody fat content could be determlned

{

Experiment 5. The mice were fed for seven days ad libitum a high fat

~ diet (Table II-1-high fat control). Half of the mice continuad-to be fed ad libitum
‘and h‘alf"were deprived for 24 'h before killing. Mice were killed begirining af .

0900h ato and at 40 min after a smgle . p. lnjectlon of pargylme and clorgylme

Brams were removed and hypothalamlc nuclei were mlcrodrssected as in Exp.

-4 and frozen at -70°C fog} subsequent NE determmatron



NE accumulatlon . defermlnatlon ln all experrments, NE,"f‘».n

* \

\._,__

‘v L

. -expenments were conducted to determme the tlme course, for the best lrnear fi fit -

: ,_";of NE accumulatfon followrng catabolrsm mhnbrtmn

NE accumulatron was measured at 0 10 20 30 and 40 mrn rn the
- _"fat control) NE accumulatron appeared to peak at 20 min, but not deffmtrvely e

© . data of the two experlments were pooled at 0, 20 and 40 min. The resultrng |

| 'vdata best frt a polynomlal equatron i e the accumulatlon was not- hnear beyond, _
l’where accumulatlon was. most Irnear re over 0. to 20 mrn m the short term.
f{_ accumulatlon was linear for at least 40 mm Thus in Exp 3 and 4 and for

iy ;’-companson of the nuclen in: Exp 5, the' rate of NE synthesrs and companson of

" 'V-"the slopes of the Imes were determrned from the rncrease over 40 mrn B

e “__,_vmeasured at 2 trme pounts

B = Analytlcal Methods -

NE in: the whole hypothalamus was lsolated by alumma extractlon from '

(DHBA) an rnternal standard were added The samples were somcated o

(Model 300 Somc Drsmembrator Artek Systems Corp Pharmrngdale NY) for )

o

PERE i N ———

: accumulatlon was measured over at Ieast 0 to 40 mm Two subsequent,_yj a

. hypothalamus after one week of adaptatron to the hlgh fat dret (Table it- 1- hrgh-_ .

so The expenment was repeated W|th m|ce krlled at 0 20 and 40 min, and the .

o . 20 mm Therefore statrstrcal compansons between slopes of lmes were mad'e :

"'feedrng eXpenments (Exp 1 and 2) ln the chromc feeding expenments the

g "the trssue homogenate supernatant under alkalrne condrtlons by a prevrously o
”’j',',"’reported method (18) (Appendrx 1). For NE determmatfon in the mdrvndual o
hyipothalamrc nucler frozen trssue in 60 ul 0 1 M perchlonc acud (HCIO4) was;;" |

r-'ﬂthawed and 10u| 0 2. M ethyleneduamme tetraacetnc aqrd (EDTA) Sl 1.0 M-
: sodlum brsulflte (NaHSO4) and 30 ul 0007 M 34 drhydroxybenzylamme s



o 20 sec and mrcrocentnfuged at 9000 rpm tor two mm and the supernatant was R

mjected onto a |IQUId chromatographrc system for detectron S
R

Detectlon of NE was achreved by hlgh performance quuud-v”-'»f'

| .‘f"’""chromatography (HPLC) (Model 2000, Varian Canada Inc., Georgetown, Ont)

B with electrochemrcal detectlon (EC) (Model LC4 Bloanalytlcal Syste"ms lnc '
o West Lafayette IN) usmg a moblle phase of 0. 075 M monochloroacetlc acad
: fwrth 250 mg/l sodrum octyl sulfate as an ion- palnng reagent The mobrle phase

- was. dellvered at room temperature at a flow rate ol 1.7 ml/mm across a

reversed phase analytlcal column The Ilmlt of detectlon in hypothalamrc”

'”"nuclel was 0 10 ng of NE. The between -run- coefflcuent of vanatlon on lreshly |

' prepared processed standard relative to mternal standard was 3. 6%:- The‘, -
protem content ot the hypothalamlc nuclei was determmed by a modified Lowry .
procedure (19) on the resuspended pellet of the centrrfuged homogenate

’ (Appendrx 2) Values are expressed as pg of amine per ug of. protem
| Separatlon and quantlfrcatlon of the mdlvrdual neutral amnno acrds '
'valrne Ieucme rsoleucnne tryptophan phenylalamne and tyrosme were';. |

'_jaccompllshed by HPLC with fluorometrrc detection by a prewously reported : -

3 method (20) (Appendlx 3) | | '_ | ‘ _

| -Body fat composltron was determmed after removmg food resndue from .

'the stomach The carcass (mlnus the braln) was homogemzed (PolytronTM '

Bnnkman Instruments Westbury, NY) inan equal welght of water Body fat was .

’ ' determmed from dried allquots of homogemzed carcasses by ether extractlon_fa

- ona Goldfmch apparatus and quantrtated gravrmetncally (21)



4. Statlstlcal Analyses o

NE synthesrs rate was calculated by Imear regressnon of NE _

'

concentratlon versus the tlme penods specmed and the slopes of the

: regressron Ilnes were compared usrng the vanance estlmated for the dlfterence

between slopes (22) Treatment drfterences for NE: concentratron at tlme 0'

wetght change body fat content plasma tyrosune the sum ot the remammg | L

neutral amino. acuds and the ratio ot tyrosrne to the remammg neutral ammo

acrds were determmed usmg Student's t-test (23) All values are exp'ressed as -

s mean + SEM

* C. Results -

" Experiment 1. T h_e_ntlc’_e which were overfed the high fat diet for thres
days gained weight 'wherea's the Underfed mice Ios't'weight This resulted ina

hlgher body fat content in the overfed mice (Table Il -2). .Since the alm of this

expenment was to mvestrgate the etfects of short-term overfeedmg on ‘brain NE

as dlstlnct from the. eftects of a hlgh body fat content, thrs dlfference in weughti o

s

gam and body fat became a contoundmg vanable

Plasma tyrosme concentratnon did not dlfter between the underted and ,

overfed group, but the tyrosme/NAA ratto was hlgher in. the overted mice

(Table Il 3) due to’ lower NAA concentratlons rn the: overfed mtce

Braun NE concentratlon was lower in the overted than m the underled
mtce (Table - 4) Although NE accumulatlon was determlned over 40 mln"' :
(Frgure - 2) compansons ot NE synthesns rate were made by examining slopes .

ot the-lmes for underfed and overled mlce ‘where aocumulatmn was clearly

lmerar as determaned m the aocumuratuon expenment (Flgures II 3, 1l 4) Thus

Coa

}_m'thl_s eanment slopes of the Imes between 0. and 20 min after monamlne ,

<o
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oxudase mhnbmon we?e compared The rate of NE synthesus in the hypo- y |

&2

- ,'thaiamus was not sngnlﬂcantly dlﬂerent between the underfed and overfed mlce

o (Flgure - 2 Table Al 4) tn the rest of the bram the rate of NE synthesns dld not
l -mCrease (Flgure ll 2 Table - 4) |

Experiment 1 o L »
Table II-2. : > oL '
Effect of short-term (30d) underfeedmg and overfeedlng on change in we/ght b
and body fat content. | . : | .
,G_roup o Change ln welght1 SR ‘ff‘BOdy vtat‘icontentz

| Underfeedmg S -12+023% . oo 153:t07 a’ o "

" Overfeeding o 18102 b - 1, 225£08%
-1 Valuesaremeans:tSEM n=12- 17 A . e - ; AN
2 ‘n=8pergoup . - ’ : : .g ' i

3 Means in oolumna wnh dlﬁerent subscnpts are ‘significantly drﬂerent P < 0 001)

c



~* Experiment 1 |
" Table 1I-3. k - ‘ )
: Effect of short-term (3d) underfeed/ng and ov rfeedlng on plasma tyrosme and _

- tyros:ne/NAA 2

 Group Ty;rbsln‘éf "NA'A' ‘ Tyroslne/NAA-_
LT - oumoldl ... _umol/dl = —7 _ | ; W' |
Underfeeding  13.0%36' 1705-_1:32 75 f._ oon me | '
va'e‘rfeeding.' 120621 . 98141326 0.12%.01b

s ValuesaromeansiSEM n=8 : o o _ o :
2 'NAA = valine, leucine; isoleucine, phenylalamno tryptophan S _ S : :
'3 Means in columns with dtﬂerent subscnpts are sngmfmnﬂy dlﬂerent (P <0.05) - - R

.‘;.

* Experiment 1

- Table H-4 ' B e ' L
- Effect of short-term (3d) underfeedmg and overfeedmg on NE turnover in
. mouse bram . , . e o

'.Group, ,___J:IxnmnalamuL Rest_onhs_maln__
. [NEo]'. Turnover Rate of ' [NEo] Turnover Rate of
_ - time (T)? - synthesis (K)3 - time (T) . -synthesis (K)
nmolg h .~ nmolgh - nmolg: ~ h -nmolighh -
. 4SEK . 4SEK.
‘_4.Underlooding : 746107943 367 2.03:2.77 _' 'o,47-¢o.62f_ +5.27 ¥ -009£0.01: <
o Ovedeeding 605:t050b 1;53» ,"'3'961162'» -'049}0.62 +4.36 ._«Vij‘-ov.iuo.oz :

’ _ 1- Values aro means + SEM,n=6. Rate of synthosls calculat from 6 mice per time point. '

2 Time required for NE flow through.the pool to oqualwoksuze* equrvalent 10 the tnme when [NEo] is-
~ doubled.. From the equationofthe finey = a + bx; 2a = a+bx a=bx; T- aborTa= (NEoyK ‘

" 03 K«KNEo]wherek =T

. o 4 Means in-columns with different subscfipts are sngnmcantlygdtfmzent {, P <0. 05) E . -
, g Values are denved from data shown in anuro -2; Le., y -W46 +2. 03x 7.46= 2 03x x or T 7. 45,2 03;

Ta367. o
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Flgure I-2. Accumulatnon of NE in the hypothalamus and the rest of- the, SRR
. brain -after administration of pargyline and clorgyline in.acutely == - -
(3d) underfed and overfed mice (Exp: 1). Each pointirepresenfs . -
mean + SEM of 6 mice. 'Equations for least squares fit for the. = -
o \hypothalamus were y=7.46 + 2.03x,-SE, = 2.77, r=0.23,and -~ .
y = 6,05+ 3.96x, SEp, = 1.62, r=0.61, and for the rest of the
brain were y =.0.47 - 0.09x, SEp = 002 r=025and y=049-.: .
0.11x, SEp = 002 r= 040 in underfed and overfed MICG‘

| respectwely



Figure 11-3

o4 . -

Lo ?—Q CONTROL . R | . .} R

0 - e . ——= ———y :
I - 200 - . 40 T s
TIME (min) e

Accumulation of NE in the hypothalamu$ after administration of .
- pargyline and clorgyline measured at 0, .10, 20, 30 and 40 min. -
after one week adaptation to a high fat diet to determme the time .

- .- course for the best linear fit of NE accumulation. Each point :

L represents the mean + SEM of 3-6. mice. The equatlon for the
.. polynomial fit is y= -0.894 (10'3) x2 + 0. 651 (10 1) x+.7. 675‘
L SEp = 1 185 o v



Figure 11-4.

"_ NE (nmol/é) -

S

| HYPOTHALAMUS

29 CONTROL -

0 . .-" L _ B . o : . 'v 3 L - : ‘ ' -
» 0 : o 20 REERTTEY [ ISt ] 80

.

Accumulatuon of m: in 1he hypothalamus after admmnstratlon of
~ pargyline and clorgyline ‘measured at 0, 20, and 40 min after

. one week of adaptation o a high fat diet. The data of thetwo NE -
accumulation experiments were pooled to determine the time - -

- .coufée -where. accumulation was most linear... Each point -
~_represents the mean * SEM of 11 mice. - The equatnon forthe =
j’polynomlal flt is y = -1.209 (10'3) x2 + 8463 (10 1) x+7. 375 -
SEp=1 305 - ‘ -

‘ .. . ¢



.89

'"Experlment 2. 'Chan'g"e 'in 'w‘eig‘ht did" no‘t differ"be‘tween the mice 1 | '

Fa underfed or overfed the hrgh fat dret for one day only (+0 3%0. 1 g vs. +0. 6 +'

S 0tg rn the: underted and overfed mice, respectrvely) Thus the. confoundmg- 4:, o

R effect of alteratrons in- body fat content with overfeedlng that occured wrth the‘» " c

o three day expenment was elrmmated \

Plasma tyrosrne concentratron and the tyrosrne/NAA ratro were hrgher in"

' '-the overfed than m the underfed mice.. Thrs resuft was due to the hrgher plasma_ L

: :tyrosme and Iower NAA concentratron in the overfed mice (Table II- 5) Plasma' |
| ) tyrosine and the tyrosrne/NAA ratro dld not appear to rnfluence NE syntheSIS

,'}"rate and therefore NAA analysrs was not con\puctgﬂ |n subsequent“

5 '.expenments R L T . e

1

NE concentratron (Table II 6) and the rate o(t) synthesrs (Fagure II 5 s
Y"Table Il 6) drd not drffer between underfed and ovgrfed mice in the hypo- o

: vthalamus or |n the rest of the brarn

“
0 . .
S

N



Ei('pe‘"rlment 2

Table . II-5.

Effsct of short-term (1 d) underfeedmg and overfeedmg on plasma tyrosme and

= | tyrosme/NAA 2

B Grqup_ : — Tyroslne | _' : NA‘A R Tyrioslndl_N_AA .

1 Values are meanstSEM n=7109 _ _
2 NAA = valine, leucine, 1soleucme phenylalamne ttyptophan

| o pmold)T [ pmobdl |
Underiosding 83387 TBEA0SE  GToW
"""Overfeeding _-12.71«2;1";.‘ 944i139b ooax010

3 Means in columns wnh dllferent subscnpts qre signmcamly dtﬂere'nt (P < 0 05)

- “‘Experlment 2

Table 1I-6 = -

- j"',‘v:: brain

8 G_r.oup:_:

v _Effect df short-term (1d) underfeedlng and overfeed/ng of NE turnover m mouse SR
| 1 halar — :
[NEo]1 “Turnover -Rate of. [NEo]»_ Turnover Rate of
L tnme (T)2 syntheS|s (K)3 -~ -tme(T) synthesis (K)
. ..nmol/g h -~ nmolig/h nmol/g h nmolig/h B
| o #SEK. o . 4SEK SR
o Underleedlng 3351028 206 IS iizl B _0;60’:0.0? 234 T 026£008
‘.’Overlaedlng : ,,8061049 1350‘j ».‘-538}.17'0 ‘ | 'osgi‘croé L -2.89 -ozo.‘io_.of

o ‘i Values are means + SEM Nm 6 Rate ol synthesis calculatod from & mice per time polnt
o 2. Timé required foi NE flow through the’ pool to equal pool size is oqulvalent to the time when [NEo] is

doubled methaoquanonoltholiney a+bx 2a-a+bx a=bx; T a/borT [NEo]/K

" 3. K<KNEo] wherek = UT'

: Values are derived lrom data shown in anum lI-5
= : o wl



_Flgure Il 5 Accumulauon of NE in the hypothalamus and the rest of the :

- . brain after administration of pargyline and clorgyline in acutely -

; (1d) underfed and overféd mice (Exp. 2). Each. point represents -

. mean + SEM of 6 mice.” Equations for least squares fit for the. - -
B hypothalamus were 'y =8.23 + 3.95x, SE, = 1.21,r=0.72, and =

.y =8.06 + 538x, SE, = 1.70, r = 0.71, and for the rest of the -

S

NE(mol/a)

© HYPOTHALAMUS

“‘-J F

24" ‘REST OF BRAIN

brain werey = 0.60 - 0.26x, SEb-OOB r'=0.70 andy 0.59-

~ 0.20x, SEp =
L ‘,.,respectlvely

007 r =067 m underfed and overfed mice L



Experiment 3 Chromc overfeedmg ot the hugh fat dret tor eleven days

. 'resulted in- a hrgher body fat content and a greater werght galn than in the

""underfed mtce (Table ll 7) The drfference |n body fat content is mamly W\

¥ attnbutable to. wetght and fat loss in the underfed group. - Body fat conteni in

R Compansons of NE synthesus rate were made by exammrng slopes of the lunes;,-j;.'

o between 0 and 40 mln after NE catabollsm |nh|b|t|on because thév

- chronrcally overfed mnce drd not srgnuftcantly drtfer from that of mice acutely
overfed in Exp. 1. W e o , |
_‘ Bram NE concentratlon in the hypothalamus and%e rest of the bram dld . 2
.-not dtffer between the chromcally underfed dnd overfed mtce (Table - 8) :

'accum”'atm/"ﬂ N_Jastear for at least 40 min. Rate of NE synthesns m tlfle,
hypothalamus tended to be hlgher in the overfed group, but the slopes of the . o

"regressmn lmes were not srgnmcantl

» dlfferent (Flgure i1- 6, Table 11 %l NE
| syntheS|s rate in the rest of the Brain dld not |nCrease in erther group,’turther_
iexammatlon of NE synthesrs rate- |n the rest of the bram was consrdered i

'|rrelevant to the study T



.43

Experiment 3 »
Table 11-7 . <

~ Effect of chronic (11d) underfeedmg and overfeed:ng on change in welght and
- body fat content ,

.
RS

Group . . Cha'ngg in, welght_1 .+ Body f,at content?
Co . g’ o S %
Underfeeding ~ -1.3£ 0.2 dags o 1Mexoss
Overfe"edihg' ~ 28%03°% . - 1871085

1 Values are means + SEM, n = 21- 24

B _‘_2 n«=8pergroup

3 Means in columns wuth d:fferent subscnpts are sngnmcanlly drﬂerem (P< 0 001)

Experiment 3 e
Table 1I-8 & —
Effect of chron/c (11 d) underfeedlng and overfeed/ng of NE turnover in mouse

‘-braln
Group  ___Fypothalamus ——RestotlgBrain___
o [NEo]' Turnover Rate of. [NEo] Turnover Rateof \

S tlme (T)2 synthesis (K)3 < time(T) synthesis (K)

nmolg S nmol/g/h . -nmolg . -h nmol/g/h .

" +SEK o L4SEK .

Undefleoding 765 % 0.45 222 3.35:1.26-_‘ 0.600.03 -V;-s.éo -0.10£0.06
‘Overloeding 7284019 139 - 525078 0;54&.0.037 -8.77 _ioosio.os -

T

1 values are means + SEM, n = 6. Rate of synthesis calculatod from 6 mice- per time point.-

2 Time required for NE flow through the pool to equal pool size is equivalent to tha time when [NEo] is
doubled. Fromthooquationoftho imy-a+bx 2a=a+bx;a=bx;T=aborTs= [NEo]/K

-3 Ku=kNEo)where k = IT -
. " Values are derived from data shown in Figure Il-6
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NE _(hmol/g) ,

2] REST OF BRAN

Figure -6. Accumulatlon of NE in- the hypothalamus and the rest of the
“brain after administration of. pargyline and clorgyline in

chronically- (11d) underfed and overfed mice (Exp. 3).

point represents mean + SEM of 6 mice. Equations for least

squares fit for the hypothalamus were y = 7.65 + 3.35x, SE,W.

1.20, r=0.64, andy 7.28 + 5.25x-SEp, = 0.78, r = 0.89, and for .
the rest of the brain were y =-0.60 - 0.10x, SE, = 0.06, r= 0.40

« and y =-0.54 - 0.06x, SEy, =.0.05, r = 0.35 in underfed and
" overfed mlce respectwely

8)

| HYPOTHALAMUS S I N

a”»_..



Experlment 4 Because the hypothalamus lS compnsed of several'

| R . 45 S

e _'__'drstmct nucler rt has been suggested that the assay of the whole hypothalamus"' ‘

' "'ff'mrght obscure drscrete vanatrons in neurochemrcal parameters in smaller-'_"

.reglons (13) Thus NE synthesrs rate |n mdlvudual nuclel was mvestrgated

Chronlc overfeedmg of the hlgh tgt dlet for eleven days produced afA

= hrgher body fat content and a greater werght garn m the overfed mice (Table ll-' HEREN

e : .9) srmllar to Exp 3

Sectlons used for the removal ot specrfrc hypOthalamrc areas areﬁ,;f--

‘_ presented m Table Il 10 The proteln content ranged from 16. 98 + 1 .08 Hg |nj"

. -'the suprachlasmatlc nucleus (Sch) to 40 34 j: 1 50 pg ln the lateral hypo- S

t thalamus (LH)

The results of the NE analysrs mdrcated substantlal drfferences m the NE' -

concentrataons of the varlous nuclea (Table - 11) The ventromedlal nucleus o

".‘/--'(VMH) was the only hypothalamlc area studled that showed a slgmfrcantf
drfference |n NE concentratlon between underfed and overfed mlce wrth'

Chm"'c °V°"f99d'"9 p"OdUClng a3z 2% hlgher NE concentratron o

Rate of NE synthesus dld not dlffer between undqrfed and overfed mrce |n B

o ‘any of the nuclel studled (Flgure lI-7 Table 1l- 11)

Experlment 4

= Table .11-9

» _1 Values are meansiSﬁM n-9

| . Effect of chrohic ( 1 1d) underfeedmg and overfeedmg on change in werght and -
..“body fatcontent : e Lo e
";'.-v"'_Group ,‘ .- Change In welght‘ :..B'O.d¥ fﬁt. 300190!?' ; { S
‘,.underfeedm'g' j -‘1';43:0.2‘ 3é‘ - 11 6i06 a
; ',““‘".Overfeedlng o 32&02 b el 183109 b’

2. ‘N 6 per group : e o
Means in colUmns wrth drfferent subscnpts are srgnrflcantly dlﬂerent (P <0 05)



" Experiments 4 and. 5°- . . ..
" Fable 'H-10 . - - ' R ' R
" . Coordinates used for the removal ‘of specmc hypothalamlc nucle: from :
underfed, overfed ad Ilbltum and food—depnved mlce and the prote:n content of
‘each nucleus T . . _ R

5HYP°.‘halamIc Punches/ Coordln’atés C '_P-ro't,eln '.conten'ﬂ
ocarem . - brainc ot g

& Suprachaismatic 2 _-'H-F-O.'3: toF-09, . 1698108

-' . nucleus

A Anterior. 6  F03%0F12 . 3623158 -
’ hypothaiamus S T - : -

.'V«Paraventncular 4 'F4O.§.._tO,F',1.-2' R 28.67 ¢ 1.55 |

‘ ‘_nucleus e

. ‘Ventromedlal e ,'_-8 L F12 to F-24  39.93+124

~nucleus. . o S LT ST
Dorsomedial 6  F-12toF21 . ' 29.50+1.18
nucleus S e o L

CLateral 8 | F1210F24! — ° 4034+150 .
" hypothalamus IR . B S

“Arcuate - -4 "F-15840F-27° = 19.75%£093 -

.nu‘cleus S R '. R J

.+ 1 Values are means + SEM, ne 18 24. For the punches ‘all nuclel were removed uslng a 430 um internal
d:ameter needle Coordmates are from tho atlas of Slotmck and Leonard {1 7) s




‘ ,’Expe_;lment 4
- Table H-11 - ' ' T e
- Effect of. chromc (11d) underfeedlng and overfeedmg on NE tumover r‘
hypothalamlc ‘nuclei in-mice - A EE P

4

' "G,rou,p  : i} [NEo]1 ' Turnover | Rateof
N pg/ug prota/n' = tlme (1')2 synthesls (K)3
e g/ug prote/n/h

j _Suprachalsmatuc Us . 12.4110.30 B ,'1,28.;",'f"“._' 9 i405‘ L
"nucleus SRR 13 01 :t1 01' ".“ 139 o ‘:t2 77 -

O

12371186 171 724:1:2 97 .

Anter’u\or o
1169i110 L 1;00_ 1169:1:247_

~hypothalamus

1651:212..2.--' 465 = 3554424

- Paraventricular | |
1324i236,,._ﬂ 214 - G20i474-~

" pucleus - B

1341:&:1534a 247,,"_,’ 544:279

. yentronﬁédial. _ ,
19791470 ;,1 49 1329405

- nucle'us' :

2365+1.99 1 160 245579 . .

) ‘Dorsomednal R 5.; g
2556212 . 824 ' . 286£499. 7

R nucleus '

1243 ¢ - 13,{",""} ‘.'2.-54-‘j“ L 49042334 0F
1281+0.51 > 139 . 9191408.;3’ Z
7. oaxzss,'f}.{f’,"’ 472 0 T 991 +6A8S
1698&228/;3,, S / 9931:.5-,&21 N

~

Lateral -
. hypothalamus

‘Arcuate
T nucleus

foc:[ oc oc oc oc oc

o
A ,.3 ¢

1 Values are means + SEM,n = 6. Rate of syhthesis calculated 1rom [ mnee per time point. @
;?.2 “Time required for NE flow through the pob'l 10 equal pool size is. oquivalem to the: nma whe NEo

" doubled. From the equation of the ﬁnoy-a+bx.28-a+ bx a-brT a/borT [NE _

3 KaKkNEo]whetek=IT = .o o \s-; '

-4 Means in the | group with pmeront subscnpts are' sigmﬂca,rmy dmerent (P <0; 05) d '

-5 U = underfed: O = overfed. - Fa

 Values are doiived from datd shqwn x F‘ngure u~7 4 6. y 'ﬁau +9. 70x 2 41 - 970x xor T -

1241/970 T= 128 Cg e

. ol Tt - R e . :
a“*?n;:"-' . N AN o ey
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Figure |

- TME (min)

- 7 Accumulatlon of NE in specmc hypothalamnc nuclel aﬁer
- administration .of pargyline and clorgyhne in: chromcally (114d) " .

“underfed (U) and overfed (O) mice (Exp.- 4). -

Each -point -

" represents mean + SEM of 4 to: 5 mlce Equatlons for least
‘ -squares flt were as, follows : : ,

O SCH

ANT

VMH

DM

L

FOCOCOcococdcoC

" y—1241+ 970x‘ '

y=13.01 + 9.33x,

y=12.37 + 7.24x,
oy=11.69 +11.69x,
- y=16.51+ 3.55x,
- y=13.24+ 6.20x,
y=13.41+ 5.44x, .
¥y =19.79 +13.29x,
.. y=2365+ 2'15x'i_
- y=25.56+ 2.89x,
y=12.43 + 4.90x, "
3 y..12 81 +. 9. 19x,
. y=17.08+ 9.91x,
c y= 16.98‘_-0‘- 9.93x; .

”sEb 405

SE,=2.77

" SEp= 297 :
SEb 2.47

SE,=424

SEp =+4.74

- SE, =579

SE,=4.99 - o

SEy, = 2.33
© SEp=4.08

J..SEb=_2.-‘7§f |
SEb='4 05

5

SEp=6.16 . -

SE,,-_- 5. 82 .



- 4‘&/

\Experlment 5. Mlce were agl Inbltum fed or depnved of food for 24 h to‘A_ o

oy

. .,;asseés potentnal alterattons in. NE synthesns rate wrthm specrf’ c hypothalamrc

‘sntes in rélatnon to the feedmg status ot<the mlce

S R T : |
Sectrons used for the removal ot specrflc hypothalamlc areas are,

v'f"‘._presented in Table ll-10 Concentratlon ef NE between ad hbltum and food~ "
"9’depnved mlce drd not drffer srgmfrcantly m any of the hypothalamrc areas o

"f_l.stuq:ed (Table 1), e £
B

\

fﬁ the food—depnved mice;

rate of NE. synthesus in the paraventncular' o

| nucleus (PVN) and at n6 other srte was frve-fold hrgher than in the fed mlce',-_ '

| “";(Flgure -8, Table II- 12)



B ‘Experlm'ent' 5"' S L , ,
Table, I-12° . = A R
_jffect of 24h food depnvaﬂ) on NE turnovex m hypothal mlc nuclel rn mrce

GtouP- . _' RN [NE::]1 * *Turnover Rate of '. ."A o
B T R pg/ug prote:n : t_lme (T)? ’synthesls (K3®
oo h pg/ug protam/h S

T5e8Eisd 379 414:4935-** '

'Suprachalsmatlc B P
4 13344190 114 11682375

---nucleus

;Antenor' et

] ro 12204092 099 - 12364449
: '.h‘ypq’thala_mus .

B 12 26+£0.96 0.93- 13 171276.._’ L
Paraventricular
L nucle_us"

mc'ﬁbfﬂg’- |

. S 2054£23 385 579+3935

Ventromedial - , | o
“nucleus -"13551101_”‘ - 069 _1953:331{,_ .
"_Dorsomednal -

| 2742+241 - 3.04 893390
»-nucleus :

289912241 . 744 . - i4de

'

o Lateral

| o -"}'r11o7;t18@».‘:_5.]35'7:- ST 310._,;430
: hypothalamus

~14s7:193.5 o4 '»‘7."’_11841553V

" Arcuate D g | | Pt
?" 1505:164;:-..3;-- 140 ':_-'10731:386-;‘

.nucleus B

_ﬁc ﬁU,ﬂc mU 

. 1_Valies aré means + SEM, n = 6. Rato of syntheeis calculated from & mice.per time poim. . .
: 2 ‘Time roquirod for NE flow through the pool 10 equal pool size is cﬁ:fva.lem to the time when [NEo] s
-~ .. doubled.. From the. equationoﬂhelinoy-a+bx 2a-a+ bx a-bx.T aiborTq[NEoPK
-g3 K = K{NEo] where k= VT = - '
... 4 ‘Meansin the group with dmarent subscripts are signiﬂcantly dlf?eroﬁ‘l (P <0. 05)
5D =1ood deprived; F = fed. : .
' Values are deﬁved from data shown in anum ll—7

PRI o e
& . .

' 19,41 :1:2,.1_2 = 068 28 47:t6 76 4a.*_

- i281+183. 086 7?1485:t469'a‘:”?-7 |
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LATERAL HYPOTHALAMUS |

m .

}Flgure II-8 Accumulatlon of NE in specmc hypothalamic nucleu after.

' /-~ . " -administrationof pargylme and clorgyline in 24h food- deprnved
ST '_.. (D) and fed (F) mice (Exp. 5)." Each point represents mean + -
T SEM of6 mlce Equatlons for Ieast squares fit were as follows R

. PVN

CUUANT

Lﬁbm050mcm¢ﬂuﬁq

-,‘y-15 68+ 4.14x,
 y=1334+1168x,
0 y=1220 +12.36x,
L y=1226413.47x,
o y=19.41 ";;23_‘47,('._
- y=2054+ 5.79x,
. y=12.81 +14. 85)( .
| y=1355 +19.53x,
L y=27.12+ 893,
.y =28.99 + 406X,
- y=11.07+ 310x,"
y=09.53 +10.87x, . .
S y=14.67 +11.84x,
y= 1505 +1073x

| SE,=4.93 SR
. SEp=3.75

- SEp = . 4.49 .

. SEp=276 ' ' -
- 8Ep =6.76

SE,=3.93-

SEb 469 'Q

SE'b =3.31

SEb 375'."'7"_

SEb-1 71}.

SEp=553 - .
 BEp=386 "



» _ } D Dls::usslon and Conclusions N I
‘ The results of thrs study rndrcate that hypothalamrc norepmephnne ?NE)
- synthesrs rate is. more related to short term food mtake regulatlon than to the’ e
i\thermrc or thermogemc effects of overeatmg In addrtron the gffects of food
rntake and deprwatron appear to be srte specrfrc m t hypothalamus ::v_'
: fji’SpecrfrcalIy, mlce deprlved of food for 24h had a frve-fold hlgher NE synthesrs
| ",f:~rate in the paraventncular nucleus (PVN) than in the fed mlce Altermg the
. "_._:body fat content of normal mice by chronrcally underfeedrng or overleedrng did "
| " :-:not alter braln NE synthe3|s\rate nerther ln the whole hypothalamus nor in"‘ )
| :-T.hypothalamlc nuclel of fed mice. e t S |
i These results are rmportant for several reasons Flrst they%eparate the' i
effects of relatrve overfeedmg and underteed”tng from food deprrvatlon on NE
".,1\synthesrs rate Second they help to clarify the causal nature of the reduca' j
v~bra|n NE synthesrs rate seen tn the obese genotype of thrs straln of mouse
| ;These fmdmgs do not support the idea . that decreased bram metabolrsm m f' |
,.._-young genetlcally obese (ob/ob) mrce (24) is a consequence of therr elevated
N body fat content or a consequence of overeatmg. but rather that” ‘the )

-abnormalrty seen in thrs ;- ot : ally. obese anrmal model may be causal ot thelr

NE synthesrs rate wagihe

‘.“\ h

_sured dunng the thermrc eftect of the prewous meal T

‘ a tlme when the thermrc offect: of underfeedrng and overfeedrng should be d
maxrmally apparent AII anlmals in the acute and chronrc under— and over- =

| feedrng studres were‘rn the fed state havrng each recelved a meal 20 mrn pnor

- to the tlme zero mrectlon and krllrng erewrse in the hypothalamrc nuclel of the

e
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o -} chromcally underfed or overfed mlce NE synthesrs rate drd not d'ﬁe&between

' . treatment groups These studles thus mdrcate that NE synthesls rate m ;

_ whole hypothalamus or. m specnfic hypothalamlg nuclel |s not dlffereéttla‘lly ‘g

) *atfected dunng the@hermtc effect of the prevrpus rﬁeal m elther &C -f"ely or®

S @.
S chronlcally underted or overfed mlce The acute effects f food however, «ar

" have been reported to peak at 30 mm m humans and to last for 2h (25).ﬁ In mlce |

3 ted 25% of ad Irbrtum mtake after a 24h fast oxygen consumptron rncreased by

7% at’ 20 mm after presentatlon of the meal (J L Johnston and R Graval .
: *unpubllshed observatlbn) , ;"_ PR L }
ln the 24h food deprlved mlce |n the present study, the rate of NE‘ '
synthesrs m the PVN and at no other srte was frve tlmes hlgher than m the fed- .

-" mrce ThIS rs the flrst report of mcreased NE synthesrs rate m the PVN of fasted -

N mice Thrs observatlon supports pharmacologrcal evrdence for a physrologlcal

~‘role for PVN NE asa strmulus for thec;ngestron of food Specrﬁcally, actrvrty of .
', .;:-the a-adrenerglc receptor l§ Iower in the PVN of rats depnved of tood for 48h;'f )

| ",'Sthan m fed rats (26) Theedown regulatlon of a-adrenergrc receptors m the CoL

__PVN has been attnbuted to an mcrease m NE synthesrs rate’ in th|s nucleus ,'

: -;'._-which suggests a potentlal role for the PVN NE system m medlatlng

' 'fdepnvation lnduced eatmg Hyperphagla and bddy welght gam are observed o

: tollowmg NE admmrstratlon mto the PVN suggestmg that endogenous NE ‘m_ L

L thls nucleus may act to- enhance tood mtake by mhrbltmg a specrflc PVN- L .'

: "'-'.controlled satlety funcﬂon (27) A snmllar set of phenomena (mcrease in food

L lntake and body welght galn) oocurs followmg electrolytlc leslons m the PVN m';' .

: rats mamtamed gn ad lnbrtum feedmg*(28) lmplrcatmg the PVN in: the control otf"_ -
- normal feedlng behav:or Jhanwar—Unlyal ot al (1987) usmg a-methyl para-
| tyrosme to deplete endogenous NE 3h pnor to decapltatlon and esttmate NE“'

o i_turnover tound an mcrease m NE turnover exclusrvely m the PVN followmg -

: e
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1»

"..”_, 48h food depnvatlon (29) These data suggest that hypothafamtc nor— g -'

,adrenerglc acttwty, pecmcally in the PVN vanes as a tunctlon of food

4

"depnvatfon and teetdlng

In the present study, altenng body fat content of normal mfce drd not alter

‘._*'-_;;'vbr'ln‘- NE synthesus rate. Speclflcally, no srgmtlcant dlfferences m NE

esns rate were ’assocnated WIth normal or. low body faf content of the
: "_'-overfed or underfed mlce respectlved,y The dlfference m body fat content |n

:_'f.,_the present study is marnly attnbutable to werght and fat losg m the underfed

N f"f'j.group Body fat content in chramcally overfed mlce dad not drtter from that ot

m- B

-mlce Whlch were acutely overfed possrbly because although ad lrbltum i

quantlty was fed the food was glven once darly and therefore the mlce were

< 'not truly ad |Iblt\.lm fed In the chronrc overfeedrng expenment (Exp 4) the

: 1%
L 'concentratton of NE in the ventromedfal nucleus (VMH) was sngmflcantly

: ‘hfgher m the overfed than |n the underfed ammals but no. drfterence in NE

,:-f‘ jsynthesrs rate was observed Although there was no dlfference in NE

Lo synthesus rate at the Ievel of the whole hypothalamus or m specnflc nuclel the

‘._:Iuncreased concentratlon ot NE ln the VMH of chromcally overfed mlce -

" :...,suggests NE metabollsm may be altered and warrants further mvestugatron

NE synthesi rate rn the present study was determlned from the rate of B |

f'accumulatron of N after mhlbftlon of NE catabollsm by the monamme oxudase

__.(MAO) mhrbrtors pargyllne and clorgylme The use of NE accumulatlon as an

,_—mdfcator of braln NE synthesns relles on fhe assumptlon that pargyllne and

}

‘;"'v:'clorgylme completely block MAO actuvnty Pargylme at a hlgh dose’ (75 mg/

. :':'kg) as used inthis. study. |s an urevers:ble rnhubltor of both MAO—A and MAO- - e
B actlvuty resultlng |n a 98% mhlbftlon of MAO actlvuty wnthln 5 min of mjecflon

I» lastmg 3 h |n rats (30) A 93% mhlbmon of bram MAO-A actuvuty occurs 1 mln

,'_‘.'-_affer a low dose (10 mg/kg) of clorgylme rn rhtce and lasts 1. h (31) A{though



Css

v“'l.'” :

MAO actlvlty was not m;asured in the present study rt is. assumed that*the- o
.comblmtran of pargylme and clm;gylme blocked MAO actlvrtles sumllarly m" ,

"_these mlce i is possnble that the rateof synthesns determmed for NE as used |n ,

'thIS study maé sllghtly underestrmate the true rate ol synthesrs because»'.

. faccumulatlon onNE may drmmlsh |ts own synthesrs by end product lnhrbmon of"-_ | "
’ ;»:,tyro?e-byQoxylase (32) Thls may have occurred |n the acute feedmg_v’ .

o ~studies after 20 min of m;ectnon because the rate of accumulatlon of NE was

e not Imear beyond 20 mm However m these studles the rate of NE synthesls'. o

. : -was determmed from the accumulatlon over the t” rst 20 mm where the slope L

[was most lmear In the chronic feedmg expenments the NE accumulatlon was .

~ ';‘lmear for at least 40 mm suggestrﬁg the possubrhty of developmental changes

- -an NE metabollsm,p |t is possrble, durmg the 11 day penod of over-. and

o 'funderteedmg, that some maturatlon of NE synthetlc or catabollc enzy@es

, occured ThlS possmllrty us supportéd by the observatron m 12- day-old rats -
that NE concentratlon m the hypothalamus IS very Iow (33 6 nmol/g) and af' -

gradual mcrease ns observed dunng the postnatal growth of the rat resultmg m'v, :

a NE concentratron of 99.0 nmol/g at 75 days of age (33) SUQgestnng an L

- “N _ alteratlon m NE metabolmm Howaver, mterpretatlon of changes in brain NE,

'concgntratlon with' as)e Must be made with cautlon “the alteratnon of NE content '_ -

_may suggest chenges ln synthesus rate or catabohsm or bOth but changes m‘
| ‘NE concentr‘nn are not consnstently assodatad wath dlfterences in. turnover o
In the chromc feedmg eXpenments, the"NE accumulatlon was lmear for_ N

‘:;'__at least 40 min. The ourvrlmear accumulatlor after 20 mm in the acute feedmg o

L expenmenes and after 40 ‘min_ in_ the chronlc teedmg expenments was_f

fsomewhat unexpected due to the \prewo)usly observed 3h duratlon of MAO '

mhlbutlon m the whole brams of "ats (30) It appears that the rate of ‘

| ,' ~].accumulatlon is much tastal in the hypothalamus than |t is’in the whole bram - E




g and hence teedba mhlbltton by thrs raplldy accumulatmg NE may oe - ;

e apparent much sooner m the hypothalamus than m the whole bram Ll et al

’ (1984) have shown a lmeaﬁaccumtﬁatron of NE m whole mouse bram tor 30

'mm after a combmatron ofis monafnme oxldase mhlbltnon by pargylme and

) _'C|°f9Y""9 P'US catechol O-mgfgylt&sferase (COMT) mhrbltlon by tropolone _'

:{1 Thrs resulted in an NE synthes JWiof 944 pmol/g/h m whole bram over the B

i lmear 30 mm wrth t@ accumu

on. becommg curvrlmear after 1 h (31)«_ |

S Johnston et aI (1986) observed a Imear NE accumulatlon untll 0. 75 h usmg” :

mcrease Th|s suggests that very Ilttle noradrenerglc actrvnty is present m the_"

Sor m specmc srtes in the hypothalamus

5380 pmol/g/h (avg 3987 pmol/g/h) m the whole hypothalamus measured'

study In the present study. NE synthesns rate in ‘the rest of the ‘brain did not

"~ rest of the bram and that noradrenerglc actrvnty |s centered m the hypothalamus' ;

"r.

Lorden et al (1976) reported a Iower NE turnover in the hypothalamus_ot__

; lean mice (2074 pmol/g/h) than that reporterf'm our study by mg,asurmg tha |
‘ rate -of decllne of NE over 3h followmg a methyl para-tyrosrnes ad’)hmrstratlon R

',z‘i""“-"(34) A more raprd accumulatlon of NE observed rryoﬂr study may retlect a

rapldly turnmg over paol ot NE ““The. measuremeﬁt of a NE pool wnth ragté

o (35) However a two-compartme '.'odel ot storage of catecholammes in the- :

R TNy

u'\l

) turnover may be. m;ssed by exammmg the declme m NE concentrathn hou'r’ly

R pargylme to block NE catabolrsm resultmg in an NE synthesrs rate ol 1046 .
pmol/g/h in whole mouse bram (24) Our values ranged from 2030 pmol/g/h to, »

" 5 over 20 mm m the acute feedmg studles and ove¥ 40 min in the chronrc feeding;- L

-'d',:‘»,!“

E for 3h after synthesns mhlbttron by a—met l-para-tyrosme admlmstratton The "

exrstence of more than. one pool of NE m the bram isa matter of some debate o

| bram has been proposed to rf; t for the rapld release of NE after nerve _?

'_ stlmulatlon reflectmg a functlo aI pool of newly synthesmed catecholammes o
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m NE concentratron can be more relrably detected by measunng the -
S accumulatron of NE alter MAO mhlbmon Inhrbmon of NE catabolrsm by MAO"'
L mhrbrtors rs one ot the most' sensntrve methods of assessung NE turnover if:

| measurements are made where NE accumulatron is clearly llnear (31)

"NE concentratron in the whole hypothalamus at tlme zero ot both

"underfed and overfed mrce in the acute and chronic feed ng studres averaged

o 7 46 j: 0 77 nmeVg ahd was in close agreement wrth o,ther r\eported values of

' 9 51 i 0.33 nmng observed by Lorden et al. (1976) (34) 1‘he concentratrons -

o of NE m the specrfrc hypothalamrc nucler found in the present study were ;also

L mrce underfed for 3d than in therr overfed counterpa

; srmrlar to those reported by Oltmans (1983) (37) Drfterences ‘in NE |
L concentratren |n the whole hypothalamus drd not appear to parallel drfferences |
in NE synthesrs rate because NE concentratlon was,-' srgnrfrcantly hlgher in-.

: 'lLle the rate‘__of NE‘ ,‘
= -_synthesrs tended to be htgher in the overfed group, altho g 4

regressron lrnes were not signifi cantly drfterent ThIS observati

B NE concentratron m underted than in overfed mice is SImllal' to that in adult' |

male rats semrstarved for three weeks in- whtcl‘v?@?goncentratron was

A3 o

: '-'_penod (38) ) ‘ '

The NE concentratgot} in the MMH was 32 2% hlgher in chronically_g .

| overted mice, but the NE synthe5|s rate was nbt sngnmcantly different between

| '.the underfed and overted mrce Levrn et al found no drfterence m the NE.:

concentratton or tumover in the VMH of rats whrch were chromcally overfed"‘;-'

g
tor three months cornpared to ad Ilbltum fed controls, but observed a ’mgher

-

- c'fl‘"a higher

srgnmcantly higher in. the medlobasal hypothalaﬁas .and 3-methoxy 4 _
"*';,{_hydroxyphenylglycol (MHPG) concentratlon was IOWer ;sub"@éstmg Icwer NE Ny -

’ _ turnover) than in controls when measured serrally at Bmme pornts over a 24h s

I and a much slower release of a larger storage pooI (36) Short-term mcreases._.' -

R

2.

2



turnover ot NE m the PVN and the dorsomedtal nucleus ot the overted rats (40)

Iti is dlfflCUlt to compare these results to the present study. due to the dltterences'_, o
in the method of assessmg turnover (endogenous NE Ievels X tracttonal-- o

turnover rﬁeasured over 3h after a-methyl-para tyrosme admmtstratton) the s

specues the type o? dlets fed the duratlon of overteedmg, and the trme ot~ |
ktllmg Levm ot al. “(1986) fed control animals a 45% fat diet, ‘ad libttum',' =
whereas the overted antmals recetved a 16% fat diet, producmg a 70% greater |
wetght gam in the overfed rats (40) The study dtd not mdlcate whether the rats'-é

- were knlled at the end ot the dark or ltght penod whereas the mnce in our study,"

were killed at the end of the dark pertod in the fed state. Smce pnor tood T

B aepnvatton atfects PVN-NE synthesrs rate a dlfterence in study desugn may<

explam ﬂ’HS dtscrepancy

ln our study, the chromcally overted mice dld not dltfer in body tat

content from the acutely overted mice. Hence, the resultmg tntake ﬁd not.

. produce obese mice, but clearly resutted in the overted mtce belng much tatter

than the: underfed mice. A Ionger expenment allowing a more pronounced gam'_

“in body fat content of the overted mice would be desirable to test if specutlcz{-} |

braln areas such as the VMH are a sttmulus tor diet- tnduced thermogenesns-
(DIT) in chromcally overted mtce The role of NE in the thermtc ettect ot eattng, |
~however, should be apparent in thts study, both acutely (after 1d and 3d of

overteedlng) and chrontcally (atter 11d of overfeedtng) because mice in aII ot' |

~ these cases were gtven a meal 20 min prtor to ktllmg at the end of the- dark

penod |
Because tyrosme avatlablltty to the braln has been proposed as _’

mfluencmg brain NE metabohsm (41 ) the ratto of tyrosme to neutral amtno

acnds (NAA) in plasma was. examtned tn the. underted and overted mice to. - -

determlne |f bram tyfosme avatlablltty mfluenced hypothatamtc NE synthests o



rate Although NE SyntheSts rate tended to be htgher in the overted mtce the'- L

‘ - concentratrorts of the amrno acrds wrth whrch it competes tor uptake across the : R

o ratlo ot tyrosrne to NAA was lower rn the underfed than overfeq, mrce in both'vl SO

Yo

1 ’}

drlference from underted mlce was not srgnrtrcant and was not paralleled’ by the_,"»; L

two told hlgher prasma tyrosme/NAA ratuo |n the overted mrce nor presumably i

m the braln tyrosme cqpcen'ratron lt has been proposed that |n rats the 'najcr

factor deterrgmmg the transport ot a neutral amrno acrd trom blood caprllranes}

~ .
\ -)"q a

tnto brarn neurons |s the concentratron of that amrno acrd relatrve to the;

blood bram bamer (13) Based on evrdence that a low plasma tyrosune/NAA - |

ratro rs assocrated wrth a low uptake ot tyrosrne to the braln (42) |t has been‘: e

postulated that altered NE metabolrsm could be attnbuted to changes |n the o

avallabrlrty ot the NE precursor in the braln n the present study, the plasma

short-term experrments w:th the drtterence berng more pronounced rn the. |

shortest term (1d) overteedrng expenment The hypothalamrc syntheSIs rate :

however drd not drfter between under- and overted mrce rn these two',“r

L

experlments

, The\ drtterence tn the plasma tyrosrne/NAA ratlo between under— and -
L pver’fed mrce was man‘ly attnbutable to Iower ~NAA concentratlons |n the,."j‘*""
overfed mrce The sum of; plasma concentratrons ot the NAAs was hrgher |n-‘ o
: v- : underfed than m overl‘ed mlce Thrs was an unexpected observatlon because .

themblasma NAA concentratrons have been reported to retlect habrtual protem_'_

rntake (13 and the quantlty ot protem was constant across both groups It rs' -

possrble that" the

lower NAA concentratrcns~m the qverted mlce may be due to the drfterent .

i energy mtakes on rnsulrn release (43)

The tmdmgs that plasma tyrosrne and the tryosme/NAA ratro was'f.ff-

unrelated to NE synthesrs has been supported by others Johnston et aI

B ‘_4 e

.{rgher mA concentratlons rn the underfed mrce and the .
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v 'z: (1986) fed the same strann of mlce a. 20% protem dlet (1 t% tyrosme) or a 20% o

‘dlet supplemented wrth 4‘% tyrosme and although bram tyrosine concentratlon R

‘ ,_,was doubled rt had no effect on braln NE synthesls rate (24) Thus. tyrosme,j': ': ‘,

. avallablhty does not appear to be the determlmng factor for NE synthesrs rate. '
R .-'» lt ts concluded that hypothalamnc NE synthesus rate is more related to"

_",short term food mtake regulatton than to the therr%g effects of eatlng The S

o effects of food mtake and depnvatlon appear to be sne specrflc |n the

A

hypothalamus wuth NE synthests rate bemg htgher |n the PVN of 24h food-?:" |

, _depnved mica than in fed mnce The hlgher NE synthesrs rate in the PVN of the L ‘

7;24h food depnved mlc as consnstent wnth prewous pharmacologlcal evrdence' - |

j~.that an mcrease m noradrenerglc actrvrty in the PVN may be a- stlmulus for food . .

| V"'lngestton Altenng the body fat content of normal mICB by chronlc over- and»_.

underfeedmg dld not alter bram NE synthesns rate m the whole hypothalamus L

x_'or in specuflc hypothalamrc nuclet of fed mlce Thrs fmdmg mdtcates that the -

. __reduced bram NE syntheS|s rate prevrously seen |n the obese geneotype of'-‘

s ¢ stram of mlce may cause thelr obesrty, or at least an assocuatlon with the

- obese phenotype and hot a consequence of their elevated body fat The

‘lncreased concentratton of NE m the VMH in the chromcally overfed mtce may .

- suggest altered NE metabollsm and warrants further mvestlgatlon

l
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