E TG Y S e R s T e T s

" l*l .- Nattonal Lrbrary |
R ot Canada CCoodu Cana

g Canad}n Theses Servrce -.’_'S'erv_iée’ des'.théSes cariad,iennes» T -
g L Otawa, anada 5 ,. s T TR R
e KtAONA T T R T e
F) v e a - o e
U
. : e
: ¢
T . : "

| ‘»"The qualrty of thrs mrcrotorrm\ heavrly dependent upon the .
*_ qaality, of the original thesis submitted for microfilming. -
" “Everyeffort hasbeen made to ensure the hrghest quahty ot

reproductron possuble

it pa es aremssrng,,contact the umversrty whrch granted ’

the egree.

.. Some- pages may have indtatmct prmt especrallg lt thel {
.- origina

: pages were typed wrt a poor typewnter ri
it the umversrty sent us-an in ertor photocopy

- .-Prevrously copyrlghted matenalsf(]ournal arttcles pub— '

. Ilshed tests; elc. ) are not ftlmed

o Reproductton in. tull orin part of this mtcrotorm is govemed

\ by the, Canadran Copynght Act R S C. 1970 c. C 30

«°

A .

bon' or__

vA-VI's' R

"’\,‘

L q”a"‘%ga e cette microforme dépend grandemenidela

- qualité deya thése soumise au microfilmage. Nous avons " -
- tout fait polir assurer upe quahté supéneure de reproduc
‘ tton C o \

: Srl manque des’ pages veunllez communtquer avecv .
‘Iumvers;te qur a conferé le grade

. w N
o ;La qualrté di tmpresswn de certames pages peut tatsseré -
. désirer, suriout sj les pages ongmales ont été daclylogra- = .
.~ phiées a l'aide d'un ruban usé ou si l'université nous afait. .- -
' parventr une photocopre de qualrté mtérreure Lo

Les documents qui font déja Fobjet dun. dro:t dauteur

(articles de revue, tests pubhés etc) ne- sont pas: '

- microfilmés.

“La reproductlon méme partrelle de cette mrcrotorme est -
soumise & la Loi canadienne sur le’ drout dauteur SRC' S
'1970 c. 930 e .

.,'-




s

ISE-411.E#‘”'; wA"'firf;fﬂ:Ey - \Xﬁ'iff7‘**'¥f"
7. THE UNIYERSITY OF ALBERTA . R
SR DR S
R

- r

. f Thé Effect of Energy Intake I é’f;f: ’

8 .

'fii 'T76n
céhtral and PerIpheral Noreplnephrlne Turnover '

—"

S 7 , in Lean Mlce : S ,
L Janis Davis-Street R R
5 . . . : i - ) L ,‘ . ) -

| A THESIS . :' SR
~,SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILLMENT OF . THE REQUIREMENTS FOR THE DEGREE;f

OF MASTER OF SCIENCE

IN
- Nutrition E

'FACULTY OF HOME ECONOMICS

¢

 EDMONTON, ALBERTA
. SPRING, 1988



-Permission has been granted
to ‘the National Library of°
‘Canada -
thesis and to lend or" sell
wcopies of the film. o

"..\, .

“'The author (copyright owner)

" has reserved other.
"publication’ rights,' and
neit¥er the ‘thesis nor™

.';.extensive. extracts  from. it
~.may :be-printed or otherwise

reproduced without his/her
-‘written permisston.g

T

to nicrofilm this

:du.

Lfautoriaation a’ été accordéeﬁuz~
"3 . la” Bibliothéque nationale . : .-
Canada- de microfilmer .
_cette thise et de ‘préter ou .

.. de ‘vendre des exemplaires Qu»

L fnm.. .

YL auteur (titulaire du droitl

-*<d ‘auteur)

'se réserve - les

‘autres droits de publication.f.

. ni®

oot

AQ;3¥5*4272O+Sa e

‘la -thése. ni de longs
*{extraits .de.celle-ci 'ne-
‘doivent, ‘&tre .impriméa

: ou
fl,autrement reproduita sans-. son;
_autorisntioﬁ écrite.«',. .

-



~:sc1ent1f1c ‘purposes only.

v‘,;The author reserves other publlcatlon rlghts,_and nelther.'
+: the thesis nor extensive'extracts. from it may be printed or e
otherwise’ reproduced without the author ] wrltten :

’perm1551on v _ o , S .
s . ST Ao N e .
L Sy n (SIGNED) x...nﬁ.;.fjﬁﬁf.f&$?;#71;
N B o L S /" . - . .,"...‘
> .GPERMANENT ADDRESS: - v o
_ 9617 Marlposa _ :'*(;f
Houston, Texas_
. 77025 Y

v

fYEAR THIS DEGREE GRANTED SPRING 1988' i,j[l-_»ff

'»LE !
v .&1"

&

‘51Perm1551on 15 hereby granted to the UNIVERSITY OF. ALBERTA

LIBRARY  to reﬁroduce 51ngle copies of this thesis and to:
lend or sell ‘such copies for prlvate,_scholarly,'or-

fﬂIj IR S i ‘
AR TR R ' Co
ot .»}THE UNIVERSITY OF ALBERTA |
I e E'@fyw,v' f‘ RELEASE FORM ;?ff B
/:j;. ~ . NAME OF AUTHOR: ° R _laJanls Dav1s-street : '
‘4 . TDITLE OF THESIS: 'The Effect of Energy Intake on
o S T Central and Peripheral . ., -
B o Noreplnephrlne Turnover in Lean
LS = ' ;,)-._ - “ o L K Mlce_ .' " )
. .DEGREE FOR WHICH THESIS WAS PRESENTED Master Of SCIENCE



IR FACULTY OF GRADUATE S'I’UDIES RND RESEARCH S

THE UNIVERSITY OF ALBERTA

L Con TR ST
= N T R A S
Al

he under51gned certlfy that theg have read zand

recq$mend to the Faculty of Graduate studles and Researeh

[

Lean Mlce submltted by Janls Dav1s-Street 1n part1a1 fg~7

-

for acceptance, a the51s entltled The Effect of Energy

. Intake on Central and Per1phera1 Noreplnephrxne Turnover in o

"~o

fulflllment of the requlrements for the degree of Master of

‘}SCIENCE 1n Nutrltlon. f _j;' k ',~;' o " S R

.ta H’EE!' , '-v  R ..}fgy Z?;é? ;.;'d;}§9?$}(;.;tf
] ”"-'”QT.‘. Superv1sor o '

Date. W / 7 /78 S




SN

;a;béd;catiqnilﬂ'f -

-+

o » . §
To My Parents, Harold and Mayleen Dav1s,

My Husband, Paul,

- and L

o Mybéréther,-Russell.P'
Thank you for: your lov1ng suppofr

_s'.
o - . -

[ : : A
A ¥ : .

W




'.total free fatty ac1ds (FFA) and

-~

1 am1no ac1ds ratlo (tyr051ne/other J‘

‘_sympathetlc response wWere determlned

-

emale mlce (C57BL/GJ +/+) _In order-to; -V" )

'im@ and mlddle of the dark perlod to-

P

reduce ﬁhéfxg?gtlon’o? depfivatlon accompanylng normal

'Energyfrps- 1on._NE turnover was determlned'

iy v
» o

- ." g el e

restrlcted "meal fed" mice a‘_
‘ Q% v . ) ‘o.

When an 1dentlcal restrl‘ nd lntake of 34 or 24 kU/d was

prov1ded as a 51ngle dally feal at thereglnnlng of the dark

\

perlod prolonglng the duratxon of deprlvatlon, NE turnpver;fvlﬂ

was 38 and 46% lower 1n the heart alone of these redtrlcted

(deprlved) m1ce, compared to ad llbltum fed controls. This"ff'“

ffﬁ;
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Xof\a hlgh proteln dlet 1s not assoc1ated W1th changes 1n

. _ ;
» suppre551on of NE turnover w1th restrlctlon resultlng 1n

xprolonged deprlvatlon prOV1des a preV1ously unldentlfled

model to. test p0551ble mechanisms of dlet-lnduced

'sympatheth suppre551on. Serum 1nsu11n, glucose, total FFA

5 o

‘&‘ﬁof sympathetlc actlvatlon (hlgh carbohydrate and hlgh fat
'”fdl{}s) and suppre551on (hlgh proteln dlet and prolonged

'“deprlvat1on) Fractlonal NE turnover rate was not reldted‘to

i?any of the serum factors measured These results suggest

v

‘fﬁfenergy content per se‘ Moreover, the suppress1on of NE

\

ﬁserum\lnsulln, gluCOSe,vtotal FFA or tyr051ne/other NAA ‘}ffﬁ f

o .

e and tyr051ne/other NAA were determlned ;5 dletary condltlons R

3“?_mturnover produced wltn prolonged deprlvatlon and consumptlon ':
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E '_ —I INTRODUCTION
The catecholam1ne~neurotransmltter noreplnephrlne (NE),

. 1s 1nvolved in many functlons,»lncludlng.neuroendocrlne-

: functlon, thermoregulatlon and blood pressure regulatlon,_:iifa“

e

V1a central or perlpheral sympathetlc nervous system
act1v1ty (SNS) or both\ The role of the SNS 1n thermogenlc

functlon has been well establlshed Sympatheslc medlatlon of

‘ thermogene51s in response to hypothermla and 1ndependent of' i

S
‘ the adaptlve mechanlsms of muscular act1v1ty (shlverlng

thermogene51s), 1s referred to as ‘non- shlverlng

: thermogenesrs and has been conclu51vely demonstrated in the :

: llterature (1) . More recently, an effect of dletary 1ntake

-i5fn SNS act1v1ty has been 1dent1f1ed St1mulat1on of SNS
‘-act1v1ty has been observed w1th -sucrose overfeedlng (2- 7),3“
suppre551on of act1v1ty accompanylng fastlng (3- 6 8, 9)
These d1et—1nduced changes have p01nted to a p0551ble role

: for'the d1et in medlatlng chang!h 1n energy expendlture
assoc1ated w1th changes in SNS act1v1ty,‘a phenomenon termed
b dlet-lnduced’thermogenes1s (1 10 12)

| The 51m11ar1ty 1n the effect of. h1gh fat and hlgh
;carbohydrate dlets (11*16) on, §NS act1v1ty in rats, when
proteln content as: percentage bf energy is held constant
bsuggests the possiblllty that calorlc content may be a

‘stlmulus for per1phera1 sympathetlc actlvatlon, .as both

’dlets appear to 1ncrease NE turnover in sympathetlcally

'"1_1nnervated_organs,'



The purpose of.thls revxew is to examlne the ev1dence
for a relatlonshlp beé&een energy 1ntake and SNS act1v1ty
051ng an1ma1 and human studles, the role of spec1f1c
nutrlents and calorlc content 1n e11c1t1ng SNS actlvatlon or,7
suppre551on w1ll be crltlcally analysed The putatlye

' mechanlsms medlating the sympathetlc response w1ll be.:.
.* examlned and the functlonal 1mp11cat10ns of’ the dlet—
%indpced changes 1n sympathetic actlv;ty w;ll be briefly

discussed.

.

A; 8ympathet1c nervous‘system' Defxnltlon and assessment‘
= Per1phera1 organ systgms are regulated by the autonomlc »
nervous system(ANS) whlch 1nnervates the v1scera, the-ﬁ
endocrlne and %xocrlne glands and all smooth muscle._The "ANS
u‘con51sts of two dlstlnct major d1v1slons the ’ t,,;' i
parasympathetlc nervous system(PNS) and the SNS Theset'
:_ dlv151ons prov1de synerglstlc or opp051ng efﬁects 1n thelr_
target organs In general the PNS malntalns homeosta51s and:
COnserves the body s resources, whlle the SNS medlates the
—body s response to stress. . — o |
j The functlonal dlfferences between the SNS and the- PNS‘ |
.result in’ part from anatomlc dlst1nctlons. The sympathetlc
ganglla are a collectlon oﬁ neurons arranged r; two chalns .
(sympathetlc trunks) located close to the splnal cord and
5 recelve sympathetlc outflow orlglnatlng in the thdrac1c and .

lumbar reglons of the splnal cord (Flgure I- 1) In contrast,

the parasympathetlc ganglla are generally sxtuated close to o



el N
\/f >';::ﬁ{v
| ’ ntersor

P ~etentenc
- v Svmoatneic  janguor

'Figure>i+1{'The aUtdnqmicvnervqusbsyStem.f

"The connections @f the PNs and. the SNS with the hypothalamus -
- -and higher“brain.centersvhaVe;been'omitted;“solid'Iintii '

preganglionic axons.-Broken lines, terminals of

. bostganglionic axons. Shading indicates the distribution of
. the SNS. Sympathetic innervation of blbod vessels, sweat .
fglandS»and'piloerector-muSCIes-ig not shown. L :

-Adapted from  (17). L : S -

R
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‘.the 1nnervated organs, and orlglnate from nuclel 1n the
: _braln stem and the sacral reglon of the splnal cord (Flgure;;
';‘I ) The locatlon of the parasympathetlc ganglla qenerally‘
'results 1n the SpelelC 1nnerVatlon of 1nd1v1dua1 organs,
compared to the more w1despread lnnervatlon assoc1ated w1th'
1»the SNS Both leiSlons of the ANS are’ regulated by
> descendlng flbres of the hypothalamus,‘whlch 1s in turn ‘..i
'3,1nfluenced by¢éhe act1v1ty of hlgher brain centers and c
' ic1rculat1ng substrate and hormone‘concentratlons

The functlonally dlstlnct effects of the PNS and the SNST
‘are not only determlned by thelr anatomlc segregatlon, but -
‘ also by the )nteractlon of thelr chemlcal messengers W1th
"speciflc'receptors The response of target organs “to changes»
in sympathetlc or parasympathetlc act1v1ty is determlned by.'
changes 1n receptor functlon, e11c1ted e1ther by alteratlons_‘b
"1n membrane permeablllty or by the modlflcatlon of o
»’1ntracellu1ar metabollsm ln postsynaptlc neurons.
.VAcetylchollne(Ach) is the neurotransmltter of all

_pregangllonlc neurons and of the postgangllonlc neurons of

.

' the 7&8 Ach reacts w1th muscarlnlc and nlCOtlnlC receptors)

N alterlng 1ntracellular metabollsm and membrane permeablllty,v.

respectlvely (17) The catechg}amlne neurotransmltter of" the

_ SNS, NE, reacts wlth a or 5 %drenerglc receptors via’ changes

‘.1n 1ntrace11u1ar metabollsm, through the stlmulatlon of

~prote1n klnase C and cyclchMP synth251s, respectlvely (17)
NE is synthe51zed and stored in per1phera1 sympathetlc ;t-

nerve endlngs However, the adrenal medulla prov1des an’



' add1t10na1 source of NE where 1t 1s released along W1th ::;'=, _‘**'

s

eplnephrlne. Quantlflcatlon of SNS act1v1ty should therefore f"
reflect sympathetlc sources of NE dlstlnct from sources of "\

adrenal or1g1n Ev1dence for the 1ndependent activatlon of f;gbff-f

- the SNS and adrenal medulla has beeg furnlshed by the

observatlon, in rats, of dlstlnct and separate responses to

hypoglycemla Cardlac SNS act1v1ty 1s suppressed by fastlng P

hypoglycemla, but - adrenal medullary response is: stlmulated

b%“xls 21) Urlnary and plasma measurements of NE have proven

. 1nadequate because/of the1r lack of spec1f1c1ty and

"‘ \

- sensxt1v1ty in determlnlng sympathetlc act1v1ty Plasma NE |

me\ﬁurements are: further llmlted by thelr dependence on the

rate of removal of NE from c1rculat10n as well as on the’

e

' rate of NE release from sympathetlc neurons, and by thelr'

i

"1nab111ty to‘detect reglonal dlfferences in SNS neural

act1v1ty (22)

A Sympathetlc actlvity 1n anlmals, 1s generally determlned

'dfrom sympathetlcally inne
R decline 1n endogenous NE oncentratlon 1n these-organs after :j
o .synthes;s ;nhlbltlon w1t

inh’ibito

enzyme 1n C

from the rate of dlsappear'nce of radlolabelled NE [3H-NE]

vated organs,/gr the rate of

s

@ methyl tyr051ne, a competltive -

’ tyroslne hylroxylase (23)f the rate—llm;ting

echolamlne synthe515 The former method has the.
R

"1"advantage of allow1ng qullibratlon of the radlolabel w1th

vfendogenous NE wlthout alterlng the SNS whlle metaboflc

changes may. . result f,om the decllne 1n endogenous NE

R

concentratlon after synthesis 1nh1b1tlon. However, because




o (24)

the blood braln barrler is 1mpermeab1e to [3H-NE][.
"-51mu1taneous measurement of central and perlpheral SNS 4~1<l
“act1v1ty is prevented Although the permeablllty of the |

blood braln barrler to @ methyl tyros1ne removes thls -:f; h' gl :
jlrestrlcteon (23), measurement of whole braln turnover lS nott
'spec1f1c in 1ts reflectlon of reglonal dlfferences 1n
centgal noradrenerglc act1v1ty, nuclel—spe01f1c changes im

nora renerglc act1v1ty have been observed 1n mouse braln

o~

The use of methyl tyr051ne or [3H NE] 1s based on. the

4mfassumpt10n that tlssue turnover of NE follows steady state

leklnetlcs, such that rates of Nﬁ synEPe51s and NE . degradatlon,:"“

- ‘are equal (23 25) The rate of decrlne of endogenous NE

-y

n:after synthe51s 1nh1b1tlon by @ methyl tyr051ne, is »
Aﬁfexponentlal in several ‘tissues (%3 26) Further,-a~siﬁéle-"
1njectlon of a methyl tyroslne completely 1nact1vates ‘\
tyr051ne hydroxylase for '8 hours and does not appear to

alter 1ntra— or extraneural NE metabollsm or release (23)

'The rate of dlsappearance of [3H NE] after 1njectlon has

also been shown to follow first order klnetlcs-because'the ’ﬂp'
spec1f1c act1v1ty of NE exh1b1ts a monoexponentlal decllneﬂ
over tlme/(ZS)

.i The mon0txponent1al decllne observed w1th both methodsin':
;s in accord w1th the steady state assumptlon, and allows
estlmatlons of organ spec1f1c NE turnover rates (K): from
the product of the fractlonal rate of dlsappearance_ik),_

: derived from the slope of the 11ne of- log transformed NE



" - turnover in the hearts of rats u51ng a.

'concentratlon plotted over tlme éhd the endogenous NE'*
o content Brodle et al (23) have demonstrated almost o

'_'1dent1cal t1/2 (half-tlme of dlsappearance) values of NE

'compared to the radlo 1sotope method Ho ever, thg synthesls

'._1nh1b1tlon technlque 1s llmlted asvturnok r can only be -
'measured for the- duratlon of complete synth 51s 1nh1b1t10n ;

'41(up to 8 hours) (23) compared to 24 hours u51ng [3H NE]

| Compared to the“anlmal data,lhuman studles are 11m1ted

'by the1r dependence on urlnary and plasma measurementszof '

,catecholamlnes and thelr metabolltes as 1nd1ces of SNS -

: act1v1ty However, newer technlques utlllslng radlotracer

turnover methods have been 1dent1f1ed allow1ng estlmatlons

'of NE appearance and clearance rates in plasma (22 27) More:‘

~ﬂ‘jrecently, these radlotracer technlques have been expanded to

allow estlmat;ons of_total and organ-spec;flcsNEvk;netlcs in

fhumans from the determination of [3H4NE1'in;bloodfcollected'"?‘

'from_differentlsamplefSites“(renalﬁvein, dorsal hand vein,bf'

hepatic vein, coronary sinus and the antecubital vein) (22).

N 2

B. Diet_and-svmpathetic'activity
T1. Fastlng fi - | _' o '( :

e Studles 1n rats demonstrate a marked suppress;on of

sympathetlc act1V1ty w1th fastlng Cardlac NE turnover,

‘thyl terSLne as ("‘»;

dassessed by the rate of dlsappearance of [3H-NE],_1s lower Ry

f_than in ad 11b1tum fed controls (by 71, 52, and 45%) (3 6, 8);

'""_after 2 days of fastlng, the standard duration of foﬂd‘ |

[P T AN
.

e
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‘/.‘.ﬁ'. . N

deprlvatlon that has been studled‘ These data are supported

by srmllar f1nd1ngs u51ng a methyl tyr051ne. After 7 hours

of synth251s 1nh1b1tlon, endogenous cardlac NE concentratlon

. 1s unaffected by fastlng (2 8). Slmllar results are also_

o

o

observed 1n the pancreas, llver (3) and brown adlpose tlssue
(BAT) (6) of 48 hour fasted ‘rats (70 45, and 35% lower NE
turnover rates 1n pancreas, llver and BAT ‘respectlvely, T

than in. ad 11b1tum fed controls). These 1ower NE turnover

'Arates return toward normal values w1th refeedlng (3, 8) ?he-

lower NE turqlrer rate w1th fastlng can be detected w1th1n

o

the flrst é? hours of fastlng,'as 51m11arly low cardlaq NE

turnover 1s observed after 15 ‘or 48 hours of food

: deprlvatron (35“and 339 lower than controls) (5 y,'Rappaport

‘ et al (9) also report a 34% lower cardlac NE turnover rate

in rats restrlcted to 35% of habltual chow 1ntake for 48
hours. Although these data may polnt to an 1ndepeﬂdent
effect of caloric 1ntake.on SNS_act1v1ty, calorlc intake was_-{

not systematically manipulated, and“axfastlng effect

.aCcompanying restriction is;possible.,

The response of the SNS “to fastlng in humans 1s not as

well deflned as in experlmental anlmals. Decreases in plasma-."

free NE and urlnary NE metabolltes have been observed in
obese females after consumptlon of a se i - starvatlon d1et
prov1d1ng 9f2‘kcal/kg,nfor‘11 (28)_and’ 1_(29) days. As w;th
the changes in the rat studles thesevd creases are reverSed %d

with refeedlng In contrast to these observatlons, Leiter ét'

al. (30) report a: lack of effect oﬁﬁ?glorlc restrlction to




“between sodium 1nduced 1ncrease in plasma NE ‘and the -

. factlvity in- humans

-

400 kcal on plasma NE concentratlons. However, unllke the
ST

prev1ously reported anlmal and human studles, where sodlum p

&

B 1ntake was controlled and kept constant durlng fastlng,

”flnterpretatlon of these results, -as an 1ndependent effect of

dletary sodlum on plasma catecholamlne concentratlon has .

been prev1ously demonstrated (31) Spec1f1ca11y, dlets_.'

~def1c1ent 1n sodlum (10 meq/d) appear to enhance sympathetlc

act1V1ty 1n humans (31) The fallure of calorlc restrlctlon

- to affect plasma NE levels may therefere reflect a balance

suppressrve effects of - food deprlvatlon. Although the;

sen51t1v1ty and spec1f1c1ty of the 01ted 1nd1ces of human

SNS act1v1ty are questlonable, these studles prov1de some Hv.l

"

’f The suppre551on of perlpheral N§ turnover by fastaneln

.~

anlmals lS undlsputed However, the response of the wh$

:braln to food deprlvatlon 1s not clear. Rats demons te“ .
e

’gnuclei _after 48 hours pf food deprlvatlon compa;
E controls (32) However; s1m11ar deprlvationﬁ'

v'NE concentratlon in these or other hypof

lower NE concentratlon in the ventromedlal and arc;_

NS

—"

‘ reflectlve of the dynamlc state of centra drenergic “l

-neurons, turnover studies also prov1de dlSSlmilar results.l

,NE turnover is 1ncreased (34) or unaffected (35) in the 3‘

,)’

' sodium supplementatlon was not prov1ded Thls confounds the df

_ev1dence in support of energy dependent modlflcatlon of SNS

3

p""' L ..'.'

to fed

.



’,thpothalamus of raf" after 22, hours of food deprlvathn.,

Other studleSQhave demonstrated anflncrease 1n braln NE'f

' concentratlon,'ln anlmals subjected to varlous types of

'~stress (36 37) Glav1n (38) suggests that food deprlvatlon S

'produces stress 1nduced changes 1n central adrenerglc _
bﬁact1v1ty and enhances NE. turnover in rat brain. Aithough
stress may be an 1mportant factor medlatlng changes in
gcentral NE turnover in response to food deprlvatlon, the
'llterature does not prov1de conv1nc1ng ev1dence supportlng -
thlS hypothe51s Studles ln th1s laboratory suggest that |
heterogenelty of braln noradrenerglc act1v1ty is- llkely,
based on the observatlon of nucle1 spec1f1c responses to
food deprlvatlon in mice (24) It appears that “in the
:.braln some relatlonshlpqbetween<ghergy 1ntake and

fgpradrenenglc functlon may ex1st.

2. Carbohydrate

LR

Stlmulatlon of sympathetlc act1v1ty by dletary ,

£

carbohydrateuhas been demonstrated in experlmental anlmals

and humans. Voluntary overfeedlng can be 1nduced by offerlng

: animalsfad llbltum‘access tO'a sucrose or glucose solutlon
Vlln addltlon to thelr habltual laboratory chow intake.
However, thlS feedlng paradlgm also decreases the proportlon
of dletary proteln, maklng 1t dlfflcult to 1solate the

\

'egfects of manlpulatlng dietary carbohydrate Nevertheless,
L 4

- cardlac NE- tquqver, assessed by the rate of dlsappearance ’

)'of [?H—NE], is greatly enhanced,(43,. 29;‘76, 59% over

107



' 1nh1b1tlon for 7"hours resulted in a 51gn1f1cant decrease in

JES——

—

Ly -

vcontrols)'by shcrbse'overfeeding”in rats°fed~8—10% sucrosel.

solutlons in addltlon to rat chow for 3 days (2 5).
These results are supported by 51m11ar flndlngs of

sympathetlc actlvatlon 1n ‘the hearts of sucrose supplemented

: rats us1ng a methyl tyr051ne (2) Spe01f1ca11y5 Synthe51s‘f

endogenous cardlac NE levels w1th sucrose overfeedlng,'whlle'

.1

fasted and control chow-fed rats were unaffected Thls

“../

: stlmulatlon of the SNS w1th voluntary sucrose overfeedlng

was also observed in rat llver and pancreas where NE

;turnover was 96 and 68/-h1gher respectlvely,vthan 1n fasted

'4controlS'(3j NE turnover 1n BAT was 51m11arly, but non- f~

51gn1f1cantly, hlgher in sucrose overfed rats compared to'

chow—fed controlsz(4)\

14

Ev1dence for carbohydrate 1nduced stlmulatlon of SNS

!

: act1v1ty 1s also demonstrated by the consumptlon of 51mp1e

A}

carbohydrates alone, rather than as supplemental feedlngs

Cardlovascular stlmulatlon, assessed by an increase in pulse

pressure, and a. rise 1n plasma NE concentratlon, 1s 1nduced

. by oral admlnlstratlon of 100g of glucose to normal human ;'

’ subjects (39) Ev1dence for glucose stlmulatlon of SNS

act1v1ty in humans is also prov1ded by the rise 1n oxygen

consumptlon in asso¢1at10n w1th an 1ncrease in plasma NE

¥ . /

concentratlon, after 1ngestlon of a 51m11ar amount of

_ glucose'(40 41) Moreover, thls 1ncrease 1n plasma NE

appears to be, at least 1n humans, spec1f1c to glucose,jf

o

1ngest1on,,as 1socalorlc/amounts of proteln or. fat fail to d:\

|

1¥;m" o

‘.,vto‘ B
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elicit similar effects on plasma NE'Concentration‘(42)"

However, the llmltatloni?aSSOClated w1th the measurement of

~ Fl
>

:plasma NE concentratlon, namely 1ts lack of sen51t1v1ty and

f‘spec1f1c1ty, as- an 1ndex of SNS act1v1ty,~must be .

[

'con51dered ‘Mere. recent Observatlons*from the above group

demonstrate, in rats .51mllarly elevated cardlac (197 and

’f173éAabove fasted controls) and BAT (120 and 151% above‘?t:'

. < _
'controls) NE turnover,’assessed by the ratg of dlsappearance
' of [ 3u- NE], after 3 days consumptlon of- 51ngle nutrlent

meals contaln;ng'elther fat;or glucose (16).

3’.-Pat K

Consumptlon of aemlxed hlghly palatable'"cafeterla" dlet.

is assoc1ated w1th a 51gn1f1cantly hlgher (by 66 'and 108%)

e cardlac and BAT NE turnover in rats, compared to chow fed .

: controls (6).aThls dietary paradlgm stlmulatesﬁfood intake,

9

. . ! : N . T - X P -
;;pparticularly of carbohydrate{@nd fat and suggests a possible .

;role for mlxed energy macronutrlent or fat, stimulation of -

B
sympathetlc act1v1ty Isocalorlc supplementatlon of a

restrlcted rat chow ratlon (25/~of normal 1ntake) for 516

days, w1th elther fat or sucrose prov1d1ng a more than.
i;threefold hlgher calorlc 1ntake,vresulted in s;mllarly '

he"levated cardlac NE turnoven (148% and 1829 for fat and

“*a n -

_,*gucrose, respectlvely) above that in restrlcted chow—fed
N A .S

Q

.;
~quntfols (13) Although thlS dletary protocol demonstrates a

@gimllar effect of sucrose and fat on NE turnover, 1t 1s

‘,.
-0

llmlted by xts 1nab111ty to allow 1solatlon of the effect of

“a IS

-~ . . A . . . . . - .

12
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-calorlc restrlctlon from overfeedlng on sympathetlci‘j_'[- T

8

ct1v1ty Moreover, dlet:ry manlpulatlon of carbohydrate and
fat clearly affédts prot in concentratlon. Fat .
sugplementatlon of a hlgher level of restrlcted chow 1ntake
'(34% lnstead of 259) for 4- 5 days, prov1d1ng a non- v'
751gn1f1cant ‘ihcrease in calorlc 1ntake, 1ncreased cardlac NE
.'turnover by 505°over ad 11b1tum chow fed controls (13)

1 : A Y

Because chow 1ntake and. hence dletary protE1n is restrlcted.

e
in the fat supplemented anlmals, 1t is: agaln 1mp6351b1e to

.l\
clearly 1solate the effect of fat supplementatlon from that

v

of lowered proteln on SNS act1v1ty Moreover, these resultsv

\
- 3‘ further confounded because the fat fed anrtzmals falled to

gain as, much welght as their controls

‘ a

' Modest 1soc510r1c fat or sucrose supplementatlon of a
‘restrlcted chow- 1ntake (569 of normal 1ntake) for 4- 5 days,,
:;1»1ncrea51ng.calordc\lntake_hy soﬁ, resulted in slmllarly__ 
.' higher NE turnover' in heart .(52%, 76%“) . BAT .A(,1is%',ﬁ‘i‘z%) ‘but
" not pancreas? than in restricted chow fed controls (13).

Supplementatlon w1th 1socalor1c amounts ‘of fat. or sucrose,
'doubllng calorlc 1ntake of restrrcted chow fed controls (37%»~
., of normal 1ntake) 51m11arly resulted in hlgher NE turnove:}
lln rat heart (93% and 72%) and BAT (60% ahd 50%) (13).
,However, at thls level of supplementatlon NE turnover in
'.bancreas was~51gn1flcantly 1ncreased only by. the »:.f\\*
' ﬁppplemental fatAfeed;ng..A“sxgnlflcant effect of fat _T
overfeeding on NE turnover is also demonstrated in m1ce (7)

[

SUpplementatlon of ad’ 11b1tum chow 1ntake with a 30% sucrose



v
.‘EJ.‘_solutlon, decreased chow 1ntake by 50% and had no effect on’
| :‘elther cardlac or BAT NE turnover, whlle 1socalor1c fat '
"l,supplementatlon (llmlted to equal the voluntarlly consumed

sucrose supplement) of 51m11ar chow 1ntake 51gn1flcantly

Lo 11ncreased;turnover in. both organs (28/ and 34/ 1n heart and

bv BAT respectlyely) (7)

ThlS"fallure of sucrose supplementatlon to e11c1t

.,1_

';sympathetlc actlvatlon, confllcts w1th prev1ously reported

e e

l”uyjpobserwatlons 1n rats (13) rece1v1ng si lar sucrose
";f, supplementatlon However, sucrose supplementatlon 1n thls
o 'study resulted in .a smaller (18% compared to 509 1n the rat
v:study) 1ncrease 1n calorlc 1ntake Desplte the relatlve *u‘”
cons1stency w1tﬁ$wh1ch sucrose supplementatlon ellclts 1
'_overfeedlng,,the 30/ sucroserolutlon may represent an-s‘:ff'
- unphy51olog1cal challenge, resultlng 1n a-form of av01dance
t_behav1or Indeed supplementatlon of chow 1ntake w1th a 306
G 7“solut1onlls greatly 1n excess of the 8- 10/ sucrose solutlons =
' Kf’used in prev1ously reported studles (2 5) Although the
'ilnterpretatlon of the lacszf effect of supplemental sucrose
feedlng on. sympathetlc act1v1ty in mlce 1s confounded by ﬂ' 3
'thls observatlon, the st1mu1atory effect of fat on NE ‘
turnover has heen con51stently demonstrated (7 13 16) These lﬁ
: S',ldata suggest that‘vat certaln levels of calorlc 1ntake,gfat |
"“--and sucrose e11c1t organ spec1flc actlvatlon of the SNS
o : o : _
;fau Protein
ﬂ: In contrast.to fat and.sucrose overfeedlng, hlgh levels



o 131%,'93 103 | o%)‘(14 45), and hlgher urlnary NE

R

of proteln appear to suppress sympathetlc act1v1ty in »

‘yexperlmental anlmals; NE turnover 1n sympathetlcally

usrulnnervated organs 1s decreased by short term (14 15, 25 43)

,and chronlc (14, 44 45) 1ncreases 1n dletary proteln.‘”,

-~ =

;"Consumptlon of low proteln dlets 1s generally accompanled by

'u-'replacement of proté1n by carbohydrate, resultlng in h1gh

15

’b‘carbohydrate dlets (14 15 43 45) Thls suggests that it may f N

be’ the relatlve 1ncrease in dletary carbohydrate, a known

fstlmulus for SNS actlvatlon, that medlates the sympathetlc
X response. -~ : ;hﬁv__b~ ‘“Ty :ff -‘,yt‘ B f%?u
"_dRats fed- dlets def1c1ent in proteln ([0%]Q43), [7 8%]
;'(45);“19 9«](14)) have con51stently hlgher rates of NE -

.}turnoveruln heart‘(loos, 35 70 526 above controls) and BAT

L3

excretlon (43) compared to control anlmals fed dlets of. .. .

~hlgher (18%, 22 -25% 39, 6/) proteln concentratlon These T

1ncreases in sympathetlc act1v1ty may be due,'ln part to.'”

: stress 1nduced by the consumptlon of- dlets with 1nadequate

' l,jproteln for normal growth (26)

These data are also confounded by the effect of proteln

®

,concentratlon .on’ voluntary food 1ntake Anlmals on. the lower

'proteln dlet lost wexght (43) or galned less welght ‘ '_f"

'(14 44 45) than those rece1v1ng hlgher proteln 1ntakes..-

S N
: ,Moreover, when anlmals are\féd extremes 1n protein

' concentratlon, these dletary manlpulatlons frequently result

‘1n varled energy 1ntakes. For example, consumptlon of

.proteln def1c1ent dlets (0% 5%) decreased energy intake‘f;;

""i'f{“7_:t'@y[ o ff,ffJ'i-”jff”
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'(31% 11%) compared to dlets contalnlng hlgher proportlons

S of proteln (18% '15%) (43 44) :_ -"iffﬂ' - f_','f‘

' In order to 1solate the effect of 1nd1v1dual energy
Emacronutrlents and to control for varlatlons 1n food 1ntake,v
Kaufman et al (15) pa1r fed rats a. flxed amount of chow, |
._:supplemented w1th 1socalor1c amounts of e1ther sucrose,.lard
. or caseln Cardlac and BAT NE turnover were hlgher in rats
ifed dlets wrth supplementai carbohydrate and fat but not

Vproteln, sugges ing ev1dence for nutrlent spec1f1c

[

stlmulatlon of stpat Lth actlvatlon Spec1f1cally,

supplemental sucrosb | lard resulted 1n hlgher NE turnover

\
1n heart (47 619) -and BAT (61 98 ), than in themr caseln

1. g
supplemented counterparts, who demonstrated turnover values

‘51m11ar to chow fed controls Although the stlmulatory
effects of added sucrose or. fat are con51stent w1th earller
'reports, he lack of effect of caseln supplementatlon Qs:'

N

confllcts with prev1ous observatlons of sympathetlc

| lh suppre551on accompanylng hlgh proteln dlets It is p0551ble

:_that the caseln supplemented chow 1ntake represents an e
-runphy51olog1cal predomlnantly proteln, chalhenge w1th
T consequent unpalatablllty "and some’ degree of av01dance

behav1or (such that energy 1ntake of the proteln "? :m

“supplemented anlmals was only sllghtly above chow fed

o controls) Energy 1ntake ‘was. not rlgldly controlled or

o reported 51nce anlmals were housed in groups and food 1ntake
‘was adjusted dally to 11m1t chow 1nta&e at 5~69/100g body _

'welght to malntaln ‘the palr-feedlng paradlgm - ev'n' B



| adequate (20%) proteln d1et for 3 days. Total energy 1ntakes';»'

1'and welght galns were 51m11ar for both groups of mlce..*'

_'all organs examlned (BAT heart and kldney) in the low e

. f~J .

Johnston and Balachandran (26) fed m1ce a hlgh (46%) or xw

N

'Perlpheral NE turnover was hlgher, by approx1mate1y 50% in

‘_proteln fed mlce. These data Support those prev1ously

'reported (15 45), and suggest that in c1rcumstances of

'“_econstang growth and energy 1ntake, decrea51ng dletary

»_proteln concentratlon, w1th a’ concomltant 1ncrease in,

lprov1dezthe clearest ev1dence for an effect of energy per se'

‘act1v1ty, i.e. a nutrlent spec1f1c effect 1ndependent of

energy’intake.

Energy
The stlmulatlon of sympathetlc act1v1ty by sucrose

overfeedlng (2 7) and suppre551on by fastlng (3 6 8 9),

&®

€

on SNS actlvatlon 1n experlmental anlmals -Sucrose and

" glucose supplementatlon of hab1tua1 chow 1ntake generally

'dlfflcult to 1solate the effects’

‘promotes an. increase 1n energy 1ntake (2 5)~kHowever, these.r

fmanlpulatlons also change dretary comp051tlon and make 1t

» 0w

b&aenergy dlstlnct from

that of carbohydrate and,@roteln content In addltlon,xvf

",_calorlc lntake in the’ earller overfeedlng studles was

‘rfrequently unmonltored as were the effects of . bucrose_ t

T RS~ - SN S T

"supplementatlon on chow 1ntake and consequent changes in

Jdlet comg.sitlon (2, 3 6)

T

bt

dletary carbohydrate, results in stlmulatlon of sympathetlc o



Cafeterla‘feedlng promoted hyperphagla in rats w1th
*concomltant 1ncreases in. NE turnover 1n heart and BAT (6)

"fHowever,“these dlets are confounded by often unknown d1et

~comp051t10n and energy 1ntake

Fat supplementatlon also prov1des a model of overfeedlng

'1n experlmental anlmals The 51m11ar1ty in the effects of
’:1socalor1c amounts of fat and carbohydrate, w1th constant

- roteln (13 16), stlmulatlng sympathetlc act1v1ty,
_P l}ﬁ

'vprov1des further ev1dence in support of. energy—medlated SNSV-

actlvatlon. However, there are reports of more potent

“fstlmulatlon of the SNS - by fat compared to: sucrose (7 13)

5_7' The effects of proteln 1ntaké‘on SNS act1v1ty have also

. been documented Proteln 'unllke carbohydrate and fat

fappears to suppress perlpheral NE turnover However thls'll

effect has been compllcated 1n some cases by observed
varlatlons in energy 1ntake and welght galn that accompany .
'manlpulatlon of dletary proteln (14 43 44 45) ' }_.,

| The effect of dletary macronutrlent content on: SNS
'acth1ty in experlmental anlmals is well documented

: However, it remalns p0551b1e that energy 1ntake 1s a

'dﬁpredomlnant dletary stlmulus for perlpheral sympathetlc f-

actlvatlon. Energy 1ntake is. almost always affected by the' '~

imanlpulatlons of carbohydrate, proteln or fat elther by

'.alterlng palatablllty and hence voluntary food Jntake;—by
'the amount of food offered or by prov1d1ng unphy51ologlcal
'proportlons of the macronutrlents, leadlng to food av01dance

or,overconsumptlon.v
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The effect of ovgrfeedlng ‘in normal welght humans.hash
”been examlned by supplementatlon of a mlxed dlet with a’
*comblnatlon of carbohydrate ﬁat and proteln (sucrose,_-
-.cream, gelatln) (46) In subjects overfed by 50% for 20vdays
‘{dw1thout changes 1n proportlons of nutrlents, overfeedlng
:"falled to affect SNS act1v1ty, assessed by the measurement
,5of plasma free NE concentratlon. Thls 1nab111ty of

g T
’overfeedlng

L
20

-(47) Moreover, the 1ack of spec1f1c1ty and sensxt1v1ty of -

' ffect plasma NE has been prev1ously observed_]=L g

,plasma NE* cqmcentratlon alone,‘as am 1ndex of SNS klnetlcs t -

‘ﬂ”ls evldent in the above study, as NE appearance and

clearanée rates rose by 469 and 15% respectlvely, in. splte N

>,‘of unaltered plasma NE concentratlon, when normal welght

' subqects were overfed mlxed dlets (47) NE appearance and

-.cﬁgarghce rates were depressed by underfeedlng (19% and 14%, .

;}respectlvely),'supportlng prev1ously reported observatlons

oot decreased SNS act1v1ty w1th underfeedlng 1n anlmals and

]

thumans ’_‘ i f‘ﬁA; 1._ ,‘3 L '; p' -

e

s 'n.

The d/fect of energy 1ntake dn sympathetlé act1v1ty has o

,}?not been adequately tested Recent séudlgs have concentratedﬁt B

f'on the effect of spec1f1c energy macronutr1ents an dlets of L

'~otherw1se equal nutrlent den51ty (13 15 25 41 44) Welght
changes frequently accompanled these dletary manlpulatlons,

_'“confoundlng 1nterpretatlon of the results. Syst

-Jfat sources, w1th constant proteln concentratlon, and

'wff\out cnan/;s 1n body welght would provide a controlled

‘,v_.‘”}v.v el




-Mechanlsms'.

The 1nvolvement of central mechanlsms 1n the regulatlon'f

v of perlpheral changes 1n NE turnover has been demonstrated

' ;rRetentlon of [3H—NE] is 1ncreased and decreased
: T b . _
' [respectlvely,‘ln 51tuat1bns of SNS stlmulatlon (sucrose.

: overfeedlng, cafeterla feedlng and cold exposure) and

.

vsuppre551on (fastlng) after gangllonlc blockade w1th

. chlorlsondamlne (3 6) These effects have been demonstrated

-01n the heart, BAT, kldney and pancreas of experlmental
panlmals, and prov1de ev1dence that observed changes 1n".

perlpheral NE turnover are reflectlve of changes 1n

centrally medlated noradrenerglc act1v1ty

Whén normal humans are overfed carbohydrate,. 1one
N Pl ]
‘(48 49), or w1th other supplements of mlxed proteln and fat

dfor 20 days, restlng metabollc rate 1ncreases w1thout a ..

' _change 1n plasma and urlnary concentratlons of NE or NE ;»"

_ metabolltes In addltlon, Seaton et al (50) reported that‘
drenerglc blockade for 3 hours had no effeot on metabollc
’rate at any tlme follow1ng glucose 1ngestlon; compared to

,,-,

sallne—treated controls These results suggest that

) \Byerfeedlng may not 1nfluence the sympathetlc component of -

_ thermogene51s in humans.
thtle is known of‘the central neural mechanlsms that

coordlnate sympathetlc functlon w1th changes 1n dletary

1ntake. ‘The 1nvolvement of the‘%ypothalamus is suggested by‘

e

'.7testyof the{effectlof energy-intake}on'sympathetic activity.



o the presence of connectlons in. the ventromedlal

‘bt_ hypothalamus(VMH) to braln stem centers, by the 1mportance"

\

*‘of several hypothalamlc areas in regulatlon of feedlng ff-
behav1or, and by the. role of the hypothalamus 1n the

1ntegratlon of autonomlc and endocrlne responses to. varlous

N

7'plasma constltuents (51) Intraperltoneal 1njectlon of gold

thloglucose, a compound that blocks the uptake of’ glucose in
,target cells and purportedly destroys the VMH abollshes-;”’

,changes 1n cardlac NE. turnover in response to fastlng and

: sucrose overfeedlng, 51tuat10ns which respectlvely suppress
<+ . and- 1ncrease SNS act1v1ty (4) However,rgold thloglucqse

‘does not exclu51vely affect the VMH and pathologlc le51ons -

in extra—hypothalamlc sltes w1t§an the central nervous
Oy

system have been reported (f) $Nevertheless, these\datav

vsuggest a role for the VMH as a p0551b1e central structure»3l

that medlates the perlpheral response to changes 1n d1et

4

K Young and Landsberg (51) have suggested a model of
_ ' %
dletary regulatlon of the SNS as follows. central

¢

: sympathetic outflow 1s determlned by braln stem centersb

1rece1v1ng.?escend1ng 1nh1b1tory 1nput from the VMH, fastlng-'

1ncreases thls 1nh1b1tlon and overfeedlng reflne sugars or»

: fat has the opp051te effect.)Although-1nd1rect support of y:;

gthls model 15 prOV1ded by the studles 1nvolv1ng gold

.vthloglucose treated rats (4), furthér 1nvest1gatlon of the f'7

s

'“-ﬂlocatlon of the putatlve "1nh1b1tory“ neurons 1s warranted

‘,Slgnlfocantly, Marrlage (24) observed no changas in R
__hypothalamlc NE turnover ln any nucleus, except the Ty

y



sympathetlc activation. Increased avallab fj“

ok m\"‘"

”to the . braln w1th subsequent 1ncreases 1n NE synthe51s and

2 i i
S

'turnover, 1s proposed to 1nduce central stlmulatlon of

' «sllnhlbltory neurons (43) Alternatlvely, a glucose 1nsu11n '
] ) . _

tmodel has been proposed for carbohydrate 1nduced sympathetlc .

-actlvatlon. Glucose metabollsm, reflectlve of: the functlonal

istate of perlpheral carbohydrate metabollsm, is proposed to

»stlmulate the;SNS;

I
'l'.»

1. Precursor hyp§thes1s
‘ Tyr051ne is the amlno ac1d precursor of NE. _k_rl
~AAdm1nlstratlon of tyr051ne to rats has been shown to
1ncrease urlnary excretlon of NE and 1ts metabolltes (52)
Agharanya and Wurtman (43) suggest that an 1ncrease 1n
dletary protein may. suppress perlphera& NE turnover v1a an -
V-J.ncrease 1n central tyr051ne avallablllty and cer‘:ral NE.

.

‘ turnover. However, support 1n the’ llterature for the :m)'

B3

pfecursor hypothe51s as descrlbed 1s not forthcomlng

'Supplementatlon of low proteln dlets w1th tyr051ne should



ilsuppress the acceleratlon in- NE turnover assoc1ated w1th low_

-vproteln feedlngs. Although the ablllty of tyr051nevi

'tsupplementatlon to 1ncrease plasma‘and tlssue terSLnei-

_levels is regroduc1ble (26 43 45, 53),,tyr051ne -

) ""' St
supplementatlon fails to affect NE turnover 1n perlpheral'
tlssues (26 45 53) .

If. d1etary proteln, and hence tyr051ne, was - the major

predlctor of sympathetlc actlvatlon, hlgh proteln dlets

would produce hlgher plasma and tlssue tyros1ne levels,;

'fenhance braln NE turnover and 1ower turnover rates 1n the

'perlphery (26) Johnston and Balachandran (26) assessed Vi
3

’.plasma tyr031ne levels, and tyr051ne concentratlons and NE

-turnover 1n a, number of per1phera1 organs, in mlce fed a 40%

' or 20% proteln dlet Proteln concentratlon had no effect on

Q" v e
plasma tyr051ne concentratlon in. splte of a 50% hlgher NE

turnover 1n~the heart BAT and kldney of mice fed the 20%

| prdteln dlet compared to those fed the 40% proteln d1et.

g However, energy'lntake of the ‘mice fed the 20% proteln dlet

b'_ftran51ently exceeded that of those fed 40% proteln -&n order

,

L'to assess the contrlbutlon of tyr051ne avallablllty, intake

)

fof the 20% proteln fed mice was restrlcted to 87% of that of

the mlce fed 40% proteln. In splte of the h1gher’plasma and

tlssue concentratlons of tyro51ne in the 40% prqppln fed’

-
;mlce, HE turnover d1d not differ from the 20% restricted

vimlce 1n any organs (43)

. >
” .
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Landsberg and'Young‘(54) have identified three?criteria

:expected of a phy51ologléal 51gnal from the. perlphery

“A_'Flrstly, the 51gnal should reflect changes 1n dletarf

| 1ntake, secondly,:experlmentally 1nduced changes in- the

'A51gnal 1ndependent of nutrlent lntake, should produce

. analogous alteratlons of SNS act1v1ty, nd flnally, a

fuj_central mechanlsm must ex1st that is capable of recognlzlng‘"

the 51gnal and prec1p1tat1ng the approprlate changes in,
sympathetlc response ' a
Hypoglycemla is a55001ated w1th a.suppre551on of SNS |

act1v1ty (5 9,20). However because plasﬂ? glugose 1evels

- are malntalned w1th1n narrow llmlts, it is unllkely that

plasma glucose, per se,_ls the medlator\of sympathetlc h"
act1v1ty1 Intracellular glucoseﬁﬁtlllzatlon is a more llkely
Candidate forrthe_perlpheral 51gnal, as 2- deoxy glucose, a
glucose'analogue that impalrs intraCellular~glucose o
metabollsm whlle 1ncrea51ng plasma glucosr,_appears to
suppress the SNS (9). ‘it.

Insulln occuples a major p051tlon 1n determlnlng glucose

_metabollsm. Ev;dence for_a role for-;nsulln in medlatlng SNS.

:activation has been'provided by studies utilizing glucoSeJ"
and 1nsul1n clamp technlques Stable blood»glucose‘and/or

1nsu11n levels can be malntalned durlng contlnuous and

pflmed 1nfuslons of glucose. alone,vor w1tq§1nsu11n, in order"

'to 1nduce condltlons of hyperglycemla or. hyperlnsullnemla

(55) These studles reveal a dose related 1ncrease in plasma'

NE concentratlon 1n response to 1nsu11n 1nfu51ons. Moreover,

24
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’thls effect 1s greater than that achleved durlng

} hyperglycemla and is assoc1ated w1th cardlovascular 51gns of

sympathetlc stlmulatlon (55) Slmllarly, 1ntravenous lnsulln

’_1nfu51on 1ncreases plasma NE concentratlon 1n normal humans

8

- durlng normoglycemla,}malntalned by euglycemlc clamplng,

‘w1thout effect on<adrenal catecholamlne-release (56) .

Mlnaker et al (57) assessed the ‘effect of ’ ;-_?'

hyperlnsullnemla on SNS act1v1ty, 1ndependent of changes 1n'

. blood glucose, in-a gpbup of elderly subjects compared to

' younger controls by the 1nsu11n clamp technlque tInsulln :

1nfu51ons falled to 1ncrease plasma NE concentratlon in the

older»subjects but e11c1ted sllght 1ncreases in

- " S 1%

“Cardiovascularfstlmulatlon'and pulse pressure.»Conversely,

.
Cow

'plasma NE concentration and pulse pressuﬁe was. increased.in

'the younger controls. K&though llmltatlons are._ assoc1ated

w1th thf% 1ndex of sympathetlc act1v1ty, 1t 1s p0551bie that

-the lack of“response to~1nsu11n ln older-subjects may-be.'l‘
.refleﬁt1ve of decreased noradrenerglc responslveness to

‘1nsu11n w1th age <\ k

" In contrast to 1ntravenously admlnlstered 1nsu11n, oral

..glucose 1ngest10n produces hlgher 1ncreases 1n plasma NE

®

'concentratlon in older subjects compared to thelr younger

' contrOIS’(SS) Thas effect of admlnlstration technlque

suggests that ~in the elderly, splanchnlc factors (such. as

v'-vascular,vosmotlc, neural or hormonal effects 1n the o 4
,‘splanchnlc bed), predomrgate over 1nsulin 1n mediating SNS

.stlmulatlonv§57) Th1s is not surpri51ng, as 1nsulin_';,, *?,”'ﬁﬁ
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h'sen51t1v1ty, p0551b1y via an effect on receptor number

' and/or klnetlcs, is known to decrease w1th age (58,59).
A/requlrement for 1nsu11n 1n dlet-lnduced thermogenesls\‘
has also been 1mp11ed by the fallure of cafeterla feedlng to_
llnduce changes in oxygen consumptron or responses to N% in ‘f :
vstreptozotoc1n—d1abet1c rats (60) D1et 1nduced 4afb
tﬁeﬂmogenes1s was ndt stlmulated,by replacement doses of
1nsu11n at 2 levels (2 and 4 unlts every pther day)

k2

'-”However, acute doses (8 unlts) resulted in restlng and A‘
"catecholamlne stlmulated thermogene51s
Euglycemlc and hyperglycemlc 1nsu11n clamplng in healthy
' young human subjects produces a dose related 1ncrease in
energy expendlture 1n_response to glucose 1nfu51on (61).
‘lnsulin infusions were 51gn1f1cantly correlated w1th =
increases in plasma NE: concentratlon, w1th a sllght 1ncreasev\>
sln energy expendlture, findings.consrstent W1th_prev1ous '
- observations. However, because pharmacologlcal inéuiin .
_levels are requlr d to e11c1t 51gn1f1cant effects on energy
_ expendlture durlng euglycemla, 1t appears that 1n
E phy51ologlcal cond1 3ns, the thermlc effect of 1nsu11n,"
medlated by'the.SNS is negllglble (6~).fThese observatlons :
suggest that questlons remaln unanswered as to the true role
of 1nsu11n in dlet 1nduced stlmulatlon of the SNS _ lﬁ?ﬁﬂé
Slmllar sympathetlc actlvatlon by hlgh fat and hlgh
-carbohydrate feedlng suggests an alternate-per1phera1 51gnal
for. sympathetlc actlvatlon accompanylng hlgh fat- feedlng

¢

‘fWelle and Feldman (16) observed 51m11ar 1ncreases in NE §



g turnover 1n rats fed glucose or fat ‘w1th serum 1nsu11n and

’\'glucose belng hlgher in glucose fed rats only Ingestlon of o’ 1'
'fat or acute elevatlon of plasma fatty a01ds does not

”stlmulate a 51gn1f1cant 1nsu11n response 1n man (62)

lMoreover, hlgh fat dlets appear to delay the” 1ncreases 1n -m‘_li7“f
i'plasma concentratlons of glucose and 1nsu11n seen lglhumans
;ﬁed a sbgndard d1et contalnlng moderate levels of both ]
.carbohydrate and fat (63) Conversely, hlgh carbohydrate
_feedlng produces,marﬁed elevatlons in plasma glucose and
41nsulln 51m11ar to those pxoduced by the standard dlet.‘
ngh fat feedlng does not appear to stlmulate sympathetlc
.t act1v1ty through any direct effect on 1ns€a;n or glucose,,

;-.but may ellclt 1ts effect by the release o.ome other-

" hormone or metabollte . o

c D. Impllcatlons =ffﬂ:\';
The ex1stence of d1et 1nduced thermogene51s or its
,1mportance as a contrlbutor to energy balance in humans ;”f
remalns controver51al (46 48 49) However, ev1dence

supportlng a role for d1et-1nduced changes 1n the SNS ln :

-

7regu1at1ng alteratlons 1n oxygen consumptlon and heat
‘productlon has been prov1ded by an1ma1 experlments Changes.“ h'tf

- in. BAT NE turnover that occur wlth overfeedlng or fastlng

have polnted bo a role for BAT as a t;ssue that mediates»the
thermogenuc response in these anlmals (6) In addltlon, the o

'role of other tlssues cannot be excluded as changes in

ucardlac NE turnover may mediate parallel changes in Oxygen PR
P, o _ _ )



diyconsumptlon and metaboflc rate, and generallsed sympathetlc‘}T
’Stlmulatlon'(or suppre551on) is- frequently produced 1n:;7, N

‘khresponse to dletary changes Moreover, thermogenlc responses
sto changes in dletary 1ntake are also dependent on othez ;_H

vthermogenlc mechanlsms such as those 1nduced by the thyr01d

i hormones and Na K ATPase act1v1ty

".

"ﬁ;- '\ Calorlc restrlctlon results in- suppre551on of the SNS

gwhlch may produce consequent decreases 1n thermogenlc
1,ifunct10n Moreover ‘manlpulatlon of macronutrlent | |
'comp051tlon demonstrates that overfeedlng fat or' f
:carbohydrate stlmulates the SNS which may result in y:f‘
uid1551patlon of excess calorles These dlet 1nduced changes‘(‘
ymay therefore have 51gn1f1cant 1mpllcat1Qns for welght
v~."control e ‘_ . ‘ ‘ A
o The 1nfluen¢e of dletary 1ntake on the SNS ralses the
,”p0551b111ty that phy51olog1ca1 and pathophy51olog1calv -,A,d

.‘changes assoc1ated w1th dlet may in part be medlated by

) changes 1n N° turnover The 1mp11cat10ns of dlet 1nduced

- changes in’ SNS to ObeSLty and hyperten51on have been

dw,rev1ewed elsewhere (64) However, the 51gn1flcance of

‘,y sympathetlc changes resultlng from changes in eﬁergy 1ntake

. \ .
fvw111 be dlscussed ,ﬁ'

If calorlc content 1s the majer stlmuléf)?or SNS '/(’f#

b

actlvatlon, calorlc restrlctlon 1n the tregtméht of obes1ty L X

may result 1n a depre551on of sympathetr? activ1ty,111m1t1ng

':;the effectlveness of we1ght—reduc1ng"f "s due to the i

Coe

’uyp0551ble decreases 1n thermogenlc st' atlon Thls may have

.28
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:relevance 1n the treatment of a sub—group of the obese who
;tare re51stant to welght loss, even when food 1ntake 1s .

':reduced On the other hand the 1ncrease ln sympathetlc

Tact1v1ty that accompanles refeedlng may explaln the

' "occurrence of cardlovascular compllcatlons observed 1n

» 1nd1v1duals durlng thlS perlod The benef1c1al effects of

' welght reductlon have been suggested for the management off
yoverwelght hyperten51ve patlents Calorlc restrlctlon 1n1w"
'humans produces decreases in blood pressure whlch may be p

';medlated 1n part by a decrease 1n sympathetlc act1v1ty

' The phy31olog1cal 51gn1f1cance of. the dletary 1nf1uencesfl

: on‘sympathetlc act1v1ty tested to date 1s llmltless Because
fof the mult1p11c1ty of roles of the SNS in energy

) expendlture blood pressure regulatlon and endocrlne
f.functlon; dlet medlated changes may have 1mportant. )
':'1mp11cat1ons in both the development and treatment of
obe51ty and hyperten51on | ‘ hm{f
E Summary and concluszons

The effect of dletary 1ntake on SNS act1v1ty has been‘
«

o 1nd1cated by alteratlons in. NE turnover 1n a number of

sympathetlcally 1nnervated organs. It has recently been

| demonstrated that sucrose overfeedlng and fastlng‘stlmulatef:p

\

and suppress, respectlvely, NE turnover in rats. Ev1dence

l_,that energy 1ntake affects sympathetlc act1v1ty 1s further'
1ndlcated by the 51m11ar1ty in the effect on NE turnover ofjfff

ﬂhlgh fat and hlgh carbohydrate feedings in- rats, when ofl.v"

29



proteln content ‘as percentage of energy is held constant

‘w'Both dlets 1ncrease NE turnover in sympathetlcally

,1nnervated organs. Addltlonally, NE turnover is 1ncreased

hwhen a dlet low in. proteln is fed whlle hlgh proteln dlets.'

suppress NE turnover in rats However, thls effect is’

ycompllcated by the 1ncreased carbohydrate content and

_ varlatlon in’ energy 1ntake that occur with low proteln R o

feedlngs.

In humans, calorlc restrlctlon is assoc1ated w1th a
W
. reductlon in plasma concentratlon and urlnary excretlon of

NE - and 1ts metabolltes, when sodium 1ntake is adequate and

\ s

"controlled._Glucose admln;stratlon.lncreases»plasma NE
fconcentration and'isvaccompaniedlby cardlovascular "
.fstlmulatlon and 1ncreased oxygen consumptlon However,.the
lack of spe01f1c1ty and sen51t1v1ty of plasma and urlnary
leVels, I;mlts_the;r'use asulndlces of sympathetlc actlv;ty
’pln humans | : o o L
The results of the studles rev1ewed suggest that
A1ncrea51ng energy is a predomlnant dlétary stlmulus for
hperlpheral sympathetlc actlvatlon Insulln, through 1ts
effect on gluoose utlllzatlon has been suggested as the‘
‘route through whlch glucose, and hence carbohydrate, has its"
ffect on SNS act1v1ty However, the role of dletary fat in
fthls mechanlsm 1s uncrear 51nce fat does not appear to i“»p
affect 1nsu11n release Alternatlvely, dletary proteln
~content 'and through 1t. tyr051ne avallablllty, has been .

jproposed as the mechanlsm medlatlng the sympathet1c~1

.30
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vufresponse. However, thls hypothe51s has not been supported 1nh’v'”

"the llterature. '_ o ',h g

‘4not been adequately tested Recent studles have concentratedg'vh'

.!;-V

“,on the effects of Sp901f1c nutrlents, and have beeni

B accompanled by changes in body welght and alteratlons 1n

voiuntary food 1ntake The 1mportance of the SNS 1n

+

-regulatlng a myrlad of phy51olog1cal processes, suggests

" that dlet 1nduced changes may have 1mportant 1mp11catlons 1n-'

a number of pathophy51oiog1ca1 condltlons

_ P. objectlves of the present study
TheJobjeCt1Ves‘of thls study were flrst to 1nvestlgate
’Uthe relatlonshlp between energy 1ntake and deprlvatlon and

central and perlpheral NE turnover 1n normal mlce,;and ’
*AVSecond to examlne the correlatlons between\serum 1nsu11n,
s

' glucose, free fatty aclds and tyr051ne avaalabillty to NE

]v;turnover under c1rcumstances of sympathetlc actlvatlon and

B

"-fsuppress1on It 1s hypothesxzed that energy 1ntake pr_f“v

a dlstlnqt st;mulus for d1et 1nduced changes infs?mpathetlc'

i The effect of energy 1nthke on sympathetlc act1v1ty has

des

31_":'. |

_ act1v1ty Therefore, lt 1s hypothe51zed that“tesbrlctlon ofil

‘venergy intake 1n the present study w111 result 1n a;.;{fyf

K

L generallsed reduotlon 1n per1phera1 NE turnover $econd 1t ¥

,yls hypothe51zed that serum 1nsu11n 1s assoclated with NE

(

'turnover under c1rcumstances of d%et-lnduced sympathetlc

‘»;’ T . "»'_',‘\

';'actlvation and suppress;on._

o
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IIX. THB EFFECT OF ENERGY INTAKB
' : .. 'ON
CBNTRAL AND PERIPHBRAL NOREPINEPHRINE TURNOVBR
IN LBAN HICE

“A. INTRODdc'rron . , A
L o T e e R R
" : ' ' '

o .

. The catecholamlne neurotransmltter noreplnephrlne (NE)
is” 1nvolved 1n many functlons, 1nc1ud1ng neur@endocrlne'
"functlon, thermoregulatlon and blood pressure regulatlon,

via central or perlpheral sympathetlc nervous system

. act1v1ty (SNS) or both An effect of dletary 1ntake on SNS

fact1v1ty has been 1nd1cated by dlet-lnauced changes 1n NE :hw
"
turnover in a-: number of sympathetlcally 1nnervate§30rgans

i‘.w1th p0551b1e functlonal effects on thermoregulatlon An1mal~

'.studles demonstrate a p0551b1e role for these dlet 1nduced
changes in medlitlng changes 1n energy expendlture, a'r
‘phenomenon termed dlet-lnduced thermogene51s (DIT) ( )

_Because of the p0551ble 1mp11catlons of D%}-as a. regulator ot

. of energy balance,ylt becomes 1mportant to 1dent1fy what

dletary stlmull 1n1t1ate the sympathetlc response.-
It has recently been demonstrated that sucrose o
overfeedlng (2- 4) and fastlng (3 ~5) stlmulate and suppress,vrs -
| respectlvely,_NE turnover in rats. These, observatlons‘wf
‘prov1de thg clearest ev1dence 1n support of an effect of'
tenergy 1ntake on sympathetlc act1v1ty in experlmental
anlmals. Ev1dence that energy 1ntake affects sympathetlc_

_actlvlty 1s.further.1nd1cated.by the 51m;1ar1ty in the -

1
i

- effect on. NE turnover of isocaloric high'fat and high



".;v S

' ﬂw1th1n a phy51olog1ca1 range (20% versus 40% by wexght

.{,proteln dlet NE turnovpﬂ

39

-carbohydrate feedlngs 1n rats, when—proteln content as

percentage ofnenergy is held constant'(6-9) Both diets

;1ncrease NE turnover 1n sympathetlcally 1nnervated organs,_
‘:when compared to chow fed controls. However, these '

'manlpulatlons affect the 1ntake of all nutrlents, and make

1t dlfflcult to attrlbute the effects to agy partlcular o

”,nutrlent or energy 1ntake per se. a s _ ‘ ',‘ s

_‘ Addltlonally, NE turnover is hlgher 1n rats fed dletS'

- £
jlow in proteln (0=9 9%), than those fed high proteln dieﬁs

(18 39 6%) (7 10 13) However, attrlbutlng thlS effect to- .

L

s .

_elther a spec1f1c energy madronutrlent or to energy 1ntake{

-~ ?

fltself is dlfflcult because of the concomltant changes in

k%

total 1ntake (10,12, 13)" and body weight (7 10,12,13) that

"occur w1th the manlpulimlon of dletary proteln Moreover,

energy 1ntake 1s almost always affected by the manlpulatlon

'-;of the macronutrlents, elther by alterlng palatablllty and

. hence volqptary 1ntake, or by the restrlctlve effects of

controh;ﬁﬁg energy 1ntake as part of the dletary paradlgm

| However,'ln one study wheh proteln concentratlon was fed o

proteln) resultlng in constant energy 1ntake and body weightf

:.gjgaln, dletary proteln per se was shown to affect NE. turnover

i

1n heart kldney and 1nterscapular brown adipose tissue
S ‘4 /\

cy(IBAT) of m1ce (11) When energy 1ntaﬁe of the 20% protein_,

"ZA¢d1et Was subsequently restrlcted ‘to 87% of that of the 40%

N -

EEN f

o :
Py

-~

icarbohydrate content (7 10 13) and also by the varlatlons in _'

f in the/same txgsuelfﬁas reduced to”'



‘equal that of the 40% proteln fed mice (11) Although these

data suggest an 1nteract1ve effect of energy and proteln

';1ntake on sympathetlc act1v1ty, the effect of energy 1ntake ,

per se on sympathetlc act1v1ty, unconfounded by varlatlons

*

in macronutrlent comp051t10n, or’ by»the effects“l

- of.deprivation;whenQenergy>intake is_controlled, has not -

been tested.
‘The. results to date suggest that energy 1ntak., in

addltlon to proteln concentratlon may be ma]or stlmuli for

.-

"_perlpheral sympathetlc actlvatlon by mechanlsms unknown

,metabollte

:1Insglln, through 1ts effect on glucose metabollsm, has been
suggested as a p0551b1e mechanlsm of- carbohydrate—lnduced

‘sympathetlozactlvatlon (14, 15) Because 1nsu11n 1evels are_

~-

generally reflectlve of the a551m11atlon of the total

w oy

:.calorlc-load espec1a11y that of carbohydrate, Landsberg and

Young (14) suggest that 1nsu11n may act as. a central slghal

4

5 of nutrlent a551m11atlon much l1ke 1ts role 1n the

perlphery. However, the role of 1nsu11n in dletary fat .

1nduced sympathetlc actlvatlon is unclear, sxnce fat does

not,appear to e11c1t-a sxgnlflcant 1nsu11n-response (16) It

_1s p0551b1e that hlghcfat feedlng may stimulate sympathetlc

act1v1ty through the release of some other hormone or ‘

o . ;

Alternatlvely, the suppress1on of sympathetlc act1v1ty

5" A

w1th kncrea51ng dletary proteln concentratlon observéd in
SRR

experlmental anrmals, has led to the suggestlon that the

.availability of,tyrosine in plasma;and braln may be the

P



R T ‘. B ’ : i

? access aqfoss the blood—braln barrler (10 17) The-

subsequent 1ncrease in braln tyr051ne avallablllty then

St
.

jmechanlsm medlatlng sympathetlc actlvatlon. Spec1f1ca11y, an

1ncreasé in dletary protein concentratlon and hence dletary

tyros1ne intake, has been proposed to lead to the 1ncreased

favallablllty of tyr051ne 1n the blood relatlve to the other

'large neutral amino ac1ds w1th whlch tyr051ne competes fori'

produCes an anrease in central NE synthe51s and turnover,

' leadlng to the central stlmulatlon of 1nh1b1tory neurons,

’

_;and the subsequent 1nh1b1tlon of perlpheral sympathetlc
outflow (10){ However, recent ev1dence refutes thls proposed
’mechanlsm, as tyr051ne supplementatlon of elther a hlgh or a’

low proteln d1et falled to affect NE turnover in braln,

)

tlssue tyr051ne concentratlons (11) In addltlon, the

;AdecreaSe in NE turnover An perlpheral tlssues observed when

¥

a hlgh proteln,dlet is, fed, 1s not . accompanled by elevatlons

l 1n efther braln tyr051ne concentratlon or. braln NE turnover

2

b'remalnlng neutral amlno aalds, 1n medlatlng any sympathetic

deprlvatlon on central andquerlpheral NE turnover. The

=certa1n other metabollc substrates, namely serum glucose,

total free fatty ac1ds anlrﬂ'F051ne relatlve to the

- response. Spec1f1ca11y, the effect)of energy 1ntake from

] A

[
|

3.

LS S

heart kldneydor'IBAT in Splte of elevatlons 1n plasma and a

second objectlve was to examlne the role of 1nsu11n and : ;gf



emalnly carbohydratevor.fa;/sources at two levels of energyffd-ﬁ
,nlntake on central and perlpheral NE turnover was - 'n'y-'t_lh s
'-Jlnvestlgated To 1solate the effect of energy restrlct;onv s
) dlstlnct from that of food deprlvatlon, NE turnover was' |
fcompared between mlce fed the hlgh carbohydrate dlet d'b
‘k&bltum, and restrlcted mlce fed the same d1et as: two meals
dally, or: one meal dally Addltlonally, the relatlonshlps PN
between serum concentratlon; of 1nsu11n, the nutrlent RO
substrates gluCOSe, free fatty ac1ds and neutral amlno‘aclds
v'and fractlonal NE turnover rate, were’ 1nvest1gated 1n
dletarv condltlons known to aff’ﬁt NE turnover._:’ f, - f._.pfig;
: NE turnover 1n all experlments was determlned in braln,
' IBAT heart kldney and pancreas These organs were selected»
f'because of thelr 1nvolvement in thermoregulatlon,‘endocrlne.;
‘:gfunctlon and blood nressure regulatlon, three hlghly
‘1ntegrated processes controlledéby the SNS Sthulatlon of
the SNS in these organs modlfles the endocrlne env1ronment
ﬁfto support dlrect cellular and tlssue effects through the f :
synthe51s and release of NE (18) In braln NE 1s 1mp11cated'

%
“in food 1ntake control and 1n the central regulatlon of

. - 1

brown adlpose tlssue thermogene51s NE stlmulated

thermu ene51s 1n IBAT is medlated by B adrenerglc receptors;
'v1a the subsequent actlvatlon of a unlque mltochondrlal

:;p%oton conductance patﬁwav, resultrng in an uncoupllng of
‘vox1dat1ve phosphorylatlon w1th resultant heat productlon Ih'
"heart NE stlmulates the cardlovasculature, v1a a and B

_adrenoceptors, to redlstrlbute cardlac output ensurlng the



.1 Anlmals and dlets

'7§t12 hours dally The llgnt/dark cycle commenced-a?

a(Table II 1), and then wereérandomly a551gned to the L

experlmental dlets Ad llbltumflntakes of the control dlet

e

'°‘k1dney,, E enhances sodlum reabsorptlon d1rectly and

lndlrectly by the stlmulatlon of the renln-anglotenSIn and

o pancreatlc lnsulln secretlon v1a ol adrenerglc and Bn_f-

[

‘fadrenerglc mechanlsms,'respectlvely,_;»

7

Y

Four week ‘0ld lean female mlce (C57BL/6J+/+ 5ackson'

H

o ;Laboratorles, Bar Harbor, ME) were used ‘in all experlments.]

._4,.

- They were housed 1n 1nd1v1dual hanglng w1re—mesh cages in a.

\

.'temperature controlled room (23 + 2°C), art1f1c1ally 11t for

I experlments 1 to 3 at 0800 ln ex@erlment 4, and at 2000 1n‘1

0

‘experlment 5. (The dlffereht llght reglmens were chosen for'
floglstlcal purposes ) The m1ce were allowed ad&llbltum '
access to water throughout all experlments. One Week prlor

Ah}to each experlmént they were adapted to a purlfled controlid

gas carbohydrate and 20% as fat - the hlgh carbohydrate dletj"'

IR

\J

-(Table II 1) were determlned from a preklmlnary'experlment

4

(Table II -2). Proteln concentratlon was the same in bf;_;“’

’ .dlets to control for the effect of varlable proteln R

1 4‘\?,

.and a—hlgh fat dlet (22% proteln, 20% carbohydrate, 58% fat)

'_dellvery of moblllsed substrates to metabollzlng tlssues. Ianw'j,

'jaldosterone system (18) Flnally,nNE 1nh1b1ts and stlmulatesf:;_,p’

~diet contalnlng 22% of - metabollzable energy as proteln, 58% ff:“v‘



Table II- 1,d‘"

QQSPOSITION OF THE EXPERIMENTAL DIETs1 |

e o ‘-” S

oAl

i~ Voo . . . » o . . . . - . . . Y
3 . , : . . . . - . ’ . E St

, High'garbghydrata” :/ ngh Fat

. g/100g.  %kcal . /100g %xca;

2

Casein ’J'?;;;iﬁj};;féz_". - 27;8; 22!

Dextrosé! le . ‘ 60.6° . 58 " 26.6 20

‘corn oili Lt 8.2 20 3Ry se

L N e l~g'g/kcal'f f,:u '~_;ng/kca1
_AIN mineral mix> = 3.7 . 0.010 ‘4.9 0.010
£ BIN vitamin mix? 1.9 0. 005‘~: ©2.5 . 0.005

'7gA}ééliuiose .;;’j_u"l'Arz“’,“f 0.011',i "5;5 ~ . 0.011

Chollne bltartrate ~o;3,: o, 001;” LIRS ) ;o;ooi'

K A

T The energy. den51t1es of . the dlets were R 79, 4.99 and 4. 15
‘»-kcal/g for the high carbohydrate, the high fat and the "

" high proteln (11) diets, respectlvely, based ,on 4, 3.64,
-4, and 9 kcal/g metabolizable enérgy for. caseln, dextrose,-
Qstarch (ll) and corn 011 respeCtiyely ‘

7Case1n ls 879 proteln.

';*fg’.3ngcommendatlons of Report @g’the ‘American Instltute of
+ ' Nutrition Ad Hoc Commlttee Hn standards for Nutr1t10na1
;jv_3 Studles (19) ‘ e e R

. o *
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L G, . .
2 NZT . ) & v




'fl'carbohydrate d1et as in experlment 4 the hlgh fat dlet ad

: - . Ly Tq N R :
o TR .- PN -
Y ) . . . “' R L

concentratlon on sympathetlc act1v1ty (7 8 10 13)

In experlment 1 puce were fed a 51ng%e meal'dally at

g nergy 1ntake equlvalent to the observed adﬁllbltum ratake ]

:?_he hlgh fat dlEt 1n the prellmlnary experzment) or a 35%

fat dlet ThlS level of restrlctlon approxlmates the level

N

“shown to. decrease pody fat conténé and 1chease 1ongev1ty in-
"normal rats (20) In experlments 2 and B mlce were fed the'-' K

'hlgh carbohydrate dlet ad l;bltum or restrrcted to 34kJ/day S
v 3 ";\' ‘_,‘_ o
fed as two da11y meals (experlment 2) or as a s1ngle\dally Q e

-~ ” ;'.

- meal. (experlment 3) In experlment 4 'nlce were fed the hlgh

Mcarbohydrate dlet elther ad llbltum, or restrlcted to 24kJ %ﬁ;
: o . »,,;‘
‘fed elther as a s1ngle dally or as two daLly meals

ytexperlment 5, mlce were’ fed one of 51x dlets- the hlgh , ;f LA

~
N

,:11b1tum or restrlcted to 24kJ fed as ‘a’ 51ngle dally meal,-or hfr’
- hlgh proteln dlet (44% proteln, 34% carbohydrate, 22% fat)

(11) ad llbltum. Mlce were fed the ex’erlmental dlets for h,étl
fthree days in experlments ; through 5t In. all experlments,f”:

:food 1ntake, corrected for splllage, was monltored every

K

-second day durlng the adaptatlon perlod and dally when the

exper1menta1 dlets were fed. Bodyzwelghts were measured on .?-

¢

the flrst ddy of adaptatlon and on the flrst and thlrd days

"Qof the exper1menta1 perlod 3

”:ﬁz;‘Exﬁerihehtalfgrotocol‘-;3 '4:,; ;?ff:,'ﬂ5fjfﬂ32¢#_ Lh'\ﬂvfu’.
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Experzment 1 o = ,';"”5A,~

Mlce (n-ls/treatment) in each of the four treatment .

groups, those fed the hlgh fat 52kJ the h1gh fat 34kJ the

46

hrgh carbohydrate-52kJ or the hlgh carbohydrate-34kJ dlets, o

‘ recelved thelr dally intake as a 51ngle meal presented at
éhe beglnnlng of the dark perlod Sympathetlc act1v1ty was
determlned from NE turnover calculated from the rate Qf
decllne 1n NE concentratlon over 6 ‘hours after synthes1s

1nh1b1t10n w1th a methyl tyr051ne (21) On day 4 at 0900,

S

P

f mice were 1njected i p “with a/methyl tyr051ne {( a’ methyl D, t.‘

ot

L tyr051ne methyl ester hydrochlorlde, Slgma Chemlcal Co
&

:St. Louls,:MO), (400 mg/kg, 1n 0.9% sallne) and kllled by
decapltatlon 0 3, 6 hours after 1nject10n
Braln (sectloned between rlght and left hemlspheres),

o IBAT heart, pancreas and. kldney (capsule removed) were_ Q_

rapldly dlssected blotted w1th tlssue to remove excess

~

blood welghed wrapped 1n alumlnum f01l frozen on dry 1ce_

ﬁf and held at -40°C untll analys1s for NE content w1th1n 1

) -

- month.

Experlment 2'

”

"4), it was concluded that controlllng "ad llbltum" 1ntakes o

resulted in energy deprlvatlon To 1solate the effect of
energy 1ntake from that of deprlvatlon, the mlce
(n 18/treatment) were fed the h1gh carbohydrate dlet ad

llbltum, or the restrlcted 1ntake (34kJ) d1v1ded 1nto two
v €§n ,

BecauSe a11 mlce in experlment 1 lost welght (Table II—'



T IR S

' meals dally,'one at the begln'lng and one at the mlddle of

> Experlment 4 Qh’ t’;~ }:d ‘,j'~*¢f

, 'Expenment 3

.'the dark perlod to reduce the du‘atlon of deprlvatlon !“*
..occurrlng w1th£?onma1 energy restrlctlon. NE turnover was

vdetermlned aé&iq(experfment 1.;

Mlce (n-18/treatment) recelved the hlgh carbohydrate

A"dlet ad llbltum or the restrlcted 34kJ/day, fed as a 51ngle

Jeffect of prolonged deprlvatlon on NE turnover NE turnover

B was determlned as descrlbed 1n experlment 1., 7

fmeal at the beglnnlng of the dark perlod to determlne thejf -

Because the ad llbltum 1ntakes 1n<e¥per1ments 2 and 3 o

: Varled “the degree Of reStrlctlon also varled It was fv""

‘:therefore dlfflcult to separate the effects of duratlon of

,deprlvatlon and calorlc restrlctlon from those of the

e

relat1Ve dlfferenees in ad llbltum 1ntakes In order to

clarlfy the sympé%getlc response ‘to restrlctlon, mlce B

'(n—18/treatment) were fed ‘the" h1gh carbohydrate dlet ad

-llbltum, the hlgh carbohydrate dlet restrlcted to 24kJ daily

'.'as a. s1ng1e meal presented at the beglnnlng of the dark

S f’
.. perlod (hlgh carbohydrate reitrlcted group), or the h1gh

)

':y,caﬁbohydrate dlet restrlcted to 24kJ dally fed as’ two ffﬁrwsff‘ |

1dent1ca1 meabs presented at the beglnnlng and mlddle of the':;fﬁh

darkvperlod (hlgh carbohydrate "meal fed“frestricted group)

Thls fé%ther level of restrlctlon would proV1de a more ;f*5.7”
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o2, -The hlgh carbohydrate dlet restrlcted and meal feLbas:}-’

D ':.v"“‘,“ E %‘9le

' 4.1AThe hlgh fat dlet fed ad llbltum.\

6. The hlgh proteln diet fed ad llbltum

e
g A

2303 e
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'_strlngent test of the effects of’fastlng and calorlc

'yrestrlctlon on sympathetlc act1v1ty_ NE turnover was ?%g L

o

f'vdetermlned as in experlment 1 beglnq}ng at 0800.;h,
h . b "" Lo
Bxperzment 5. o :_'j f“ay.e.
Mlce (n—l&/treatment) recelved one of six dletary
| trestments: e T T ey

'.1.,.The hlgh carbohydrate d1et fed ad 11b1tum

'two meals dally, as 1n experlmént 4.

o 3;';The hlgh carbohydrate dlet restrlcted and fed as' one S

i

, meal dally, as ‘in experlment 4

.\.I'-

_,;5.ffThe hlgh fat dlet restrlcted to a dally calorlc 1ntake

\

”equal that of the hlgh carbohydrate restrlcted groups
(24kJ) fed as. a 51ng1e meal at the beglnnlnq of the

l dark perlod : ‘ ~‘g=»,, ,f - _l’f-,f\.;‘

.

On day 4y beglnnlng at 2000 mlce were kllled w1th1n onena

- hour by decapltatlon and blood was dralned from the thorac1c'."h

)

vh stump 1nto untreated t*st tubes held on ice. Blood from.3*4 a
jmlce w1th1n each freatment was pooled Samples were allowed .t7' -

’to clot after WHLCF they were centrlfuged for 2? mln at

5°C to separate thé"serum.”The serum was rapldly removed

'and d1v1ded 1nto allquots held at —40°C for subsequent

”g-determinatlon of 1nsu11n glucose, total free fatty ac1d and d;l

o



- s, Analyt:.cal methods T

- large neutral amino acid concentrations, within 2 months. . °

»

tj.NE NE in all organs was 1solated from perchlorlc ac1d<ufvf'1g s
dj,supernatants of tissue homogenates by alumlna extractlon‘ Jf
“ehunder aLkallne condltlons as prev1ously reported (22),A(/ |
;f was then eluted from the alumlna by the addltlon of _ N
perchlorlc ac1d (Appendlx 1) Detectlon of NE was achlev‘
fby reverse phase hrgh performance llquld chromatography -

'*1(model 2000 Varlan Canada Inc a Georgetown, One ) w1th

electrochem1cal detectlon (model LC4' Bloanalyt;cal Systems'

‘Inc ' West Lafayette,,IN),‘us1ng a. moblle phase of 0 075M

monochloroacetlc ac1d w1th 250mg/L sod octyl sulphate as..

€ :

's'_an 1on—pa1r1ng agent The moblle phaSe was dellvered at room

ftemperature~at-1tj»mL/m1n..j_f

«

o

‘Glucose° Serum glucose was. determlned -in dupllcate by a-

glucose analyzer based on the glucose ox1dase method 197

(Beckman Instruments, Inc., Fullerton, CA) (23) (Appendlx

TR

L~ o

.Total Free Fatty Ac1d5°'Serum fatty ac1ds were determlned by e“e;h
vla standard enzymatlc colorlmetrlc method (NEFA C Wako _
lfChemlcals USA, Inc., Dallas, TX) The test pr1nc1pﬁeoof this
'b5method 1s based on the,formatlon of a red qulnone dye o
jfproduced by'the ox1dative condensatlon of peroxide, formed

- lby the oxldatlon of acyl coA synthe51sed 1n thé presence of



B ‘were determéned by b

“ \:': . :
ATP an% free fatty acids (24)- (Appendix 3). ~  *

f
i

N 'Neutrel ‘-’a’xh:'i."n'ov..ra"ad’;iiids: Sei‘?concentratlons of tyros ne, .
é

strypt@han and phe@alanlne

'per orman@%,!A“vu“ ijgoma 0 rhth:l

vallneg 1soleuc ne, leuc

(model 5000 Varlaﬂwcanada Inc.,,Georgetéw;ﬁtthg )
- '3.,..,3 W % N f_ .‘-., CR R
.fluorometrlc detectlon of o—phthald;aldehyde derryad_y

='these amlno ac1dé (Fluorlchrom model 430020) (25 26) :

- <Appendlx ). s e TS IR

B : ‘!‘,‘- . .

Insulln /Serum 1nsu11n was determlned by a. standard double
‘@

‘-

-'.antlbody radlolmmunoassay method by a klt (Pharma01a

Dlagnostlcs, Uppsala, Sweden) (27) (Appendlx 5)

7.;l statistlcal Analyses | o
NE data were plotted semi- logarlthmlcally w1th NE
turnover belng calculated by llnear regres51on of the
logarlthm of NE concentratlon over 3, tlme p01nts (0 3, 6
hours) The slopes (b) of” the regre551on llnes were.
mcalculated by the least squa;es.method NE turnover rate (K)
iwas calculated as the product of the fractlonal turnover :
_rate‘(k) (k—b/o 434) and the estlmated endogenous NE
"Aconcentratlon at tlme 0 [NEO] of each organ (21) Fractlonal N

' turnover (k.x 100%) was expressed as %h standard error (SE)

f k (SEk) equalled the SE for b (SEb) d1v1ded by 0. 434

'¥~ff:Comparlson of the slopes of the regres51on llnes was made -

-'u51ng the varlance estlmated for the dlfference between



'slopes of the regre551on equatlons (28)

-5

“The’ effect of dlet on endogenous NE was compared by two-v””

R

viﬁ way ana1y51s of varlance to determlne the slgnlflcance of -

" theé main effects and the 1nteractlon of dlet compdSltlon and‘-v"

l

"energy 1ntake (experlment 1), by one—way ana&ys1s of

v riance followed by Dunchh s Multlplé'Range Tests e

o

: varlables 1n &yo—talled tests of the null hYpothe51s

'(experlments 2 and 3) (29). In experlment 5 “the effects of'
v»dlet on- serum glucose, neutral amlno ac1ds, free fatty a01dsf

e’-and 1nsu11n concentratlons were compared by one-way analy51sd7

of varlance followed by Duncan s Multlple Range Tests (28)

Slmple correlatlon coeff1c1%£ts wvere determlned in a post <

'j.hoc correlatlon of serum parameters w1th fractlonal NE

'dexperlments 1, 4 and 5) and by seudents t- test for unpalredva

:turnover rates._31mp1e and partlal correlatlon coeff1c1ents‘;Q'

:~; _were!also determlned for the 56rrelat10n of energy 1ntake,,

'-body welght and fractlonal NE turnover rate All values are"’

'1expressed as means * SEM..



i

h-Prelxmznary Experlment _ o
‘Table II-2.. . - .

K

EEC. Results

Prelzminary Bxper1ment. The observed ad llbltum 1ntakes

“hof the high carbohydrate and hxgh fat dlets ‘are’ presented 1n
Table II-2. Although the hlgh carbohydratp fed mice ate 22%
hmore food than thelr hlg% fat fed counterparts, the hrgher

: energy den51ty of the hlgh fat dlet resulted hn an 8%

. greater energy 1ntake in.mice fed the hlgh fat dlet.

v

.r,

»Observed ad llbltum 1ntake of hlgh carbohydrate and high -fat-

dlets, and calculated 35/ restrlctlon of ad llbltum intake

.;1¥igh.Carbohydrate'7 o High Fat

@a /A (g/a) (kJ/d)

Ad libitum intake! 3.03#0.132 48.23  2.48z0. 07* 51,98

a

35%. restriction  1.97" u;31.36‘7'1.61_ ,",'”33 7_'

I'Based on food intake monltored for 3 days after 1 week of .

adaptatlon to- the high carbohydrate dlet.f

< Vafues are means + SEM n= 6.v;'t

K

* Slgnlflcantly dlfferent from 1ntake of hlgh carbohydrate r'

diet. (p <. 0.001).

Ay

52 .



»carbohydrate diet - at elther the prev10usly determlned ad

?llbltum 1ntake of the hlgh fat dlet (52kJ) or a’ 35%

Exper;ment 1. Mlce were fed the hlgh fat or the hlgh

restrlctlon (34kJ) Mlce fed the restrlcted 1ntakes (34kJ)

of elther thethlgh carbohydrateébrvthe hlgh fat d1et had

irespectlvely, 9% and 7% lower heart welghts than thelr

correspondlng 52kJ fed counterparts (Table II 3) The effect

of energy restrlctlon on pancreatlc welghts was llkerse_ o

'l51gn1flcant Kldney welghts were: agfected by both dlet aﬂdv

3

' o;energy restrlctlon M1ce fed the h1gh fat dnet had heav1er

kldneys than those fed the hlgh carbohydrate dlet 'and the

mlce fed 52kJ of elther dlet had heav1er kldneys than those

,'fed 34kJ but there was no Lnteractlon of d1et comp051tlon
and energy 1ntake Nelther diet nor restrlctlon had an

f_effect on elther braln or IBAT»organ welghts (Table II 3)

- Fractlonal turnover ln all organs studled was Unaffected

.'by elther energy 1ntake or’ dlet comp051tlon (Flgures II 1- 4,

l .o.’ 7»3

' vaTable IIw3) Endogenous NE concentratlon was 1xkew

[

\'1nd1cat1ng that 511 anlmals were deprlved (1 e mice fed 52kJ"

- «l""

”unaffected exce t,an IBAT where NE concentratlon in mlée -

Feies
fed the hlgh c&fbohydrate diet. was almost two: tlmes hlgher

tthan 1n ilce fed ‘the hlgh fat d%?k’(Table I1- 3)

,\ ‘\

Cpntrolllng the food Hﬁtake resulted in welght loss An
Q, S‘!‘ A

ll groups 1rrespectuve of d1et comp051t10n (Table II- 4),

of elther dlet recelved energy 1ntakes 1nadequate for welght

L

galn) Welght loss in both groups of m1ce fed 34k§ was more

"/¢"' NG

.83



¢

than 4 tlmes that of those fed 52kJ’ of elther the hlgh

carbohydrate or the hlgh fat diet (Table II 4)

-

. 54 -
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e Experlment 1
- Table II-3, = i
'-Noreplnephrlne(NE) turnover ‘at two levelsﬁof energy 1ntake of -
hlgh carbohydrate or hlgh fat dlets
. ‘ . 'g ‘
.. o : A o Fractlonal Calculated
Group Weight - NE’ NE (k) - ‘.. turnover
: S S turnover - rate-
~ (mg) (nmgl/g) (3h)  (nmol/g/h)
BRAIN
High CHO (52kJ)  202.943.9% 3.39+0.15 11.1+0.01  0.361 =
High CHO -(34kJ) ~198.5+3.4 3.50+0.16 12.9+0.01° 0.442
' High Fat (52kJ) ~ 196.4%#3.9 - 3,40+0.13 = 12.2#0.01 . 0.397 -
High Fat (34kJ) 200.4+5.4 . 3.53%0.18 -14.5+0.0% .0.509.
. HEART
. . '. o ;.: - : . - é . V . » 3 .
High CHO (52kJ)-° 88.6+1.42 4.82+0.22 18.5+0.01 = 0.877
High CHO (34kJ) . . 80.5%1.4° 4.9740.22 ~16.7+0.01 = 0.840
High Fat (52kJ) 88.:3+1.62 4.61+0.26 16.8+0.01 Q.745
. High Fat (34kJ) - - 82.3#1. 72 4 83£0.30 120.910.01 Y030
N | '?** KIDNEY | o
High CHO (52kJ). - 99. 0+2.5PC 4.7140.19 21.3+0.02 . 1.001 "
'High CHO (34kJ)  93.3#2.3% 5.28+0.37 .15.8+0.01 - 0.804
High Fat (52kJ), 109.0+2.2% 4.82+0.37 25.0%0.02  1.248
High Fat (34kJ) = 102.632. 4ab 4.66+0.21 19.7+0.01 = '0.928
’ _ PANCREAS N
 High CHO (52kJ)  107.1#3.13P 2.6410.1L.m1§;9i0.02v 0.454 -
“High CHO (34kJ) 98.9+2.8D 2.98+0.17 .22.8+0.02 . .°0.645
High Fat (52kJ) 114.345. 2a 2.64+0:40. '18.0£0.01  0.408
High Fat (34kJ)  104.6%3. 02® 2.70+0.11. ,21,3%0.01 .0.539.
o - LBAT |
High CHO (52kJ) 142.745'5  2.6040. 282, 15.1+0.03  0.310 .
High CHO (34kJ) = 127.5%5.3  2.760. 29b 21.3+0.02 ~.0.215 -
‘High Fat (52kJ). 146.0+8.1  1.35+0.14° 14.340.02 = 0.174°
High~Fat'(34kJ) 134.016.8 1. 6710v23b 22!810-92- 0.337
T Values are means + SEM; n—18. values in columns with a :i{
2 different superscrlpt are signlflcantly different o




- j o SRR - S el
Exper1ment 1. . :
| ‘rable II-4. ‘_;'.._*:":»-* A
'-Effect of two levels of * energy 1ntak° of hlgh fat or hlgh
_carbohydrate dlets on welght change .

-‘!._ ;

"

;a\alﬁf‘ felf__efi l_li:'(giéd):

© High cHO (s2kJ)  © ~0.47x0.1131 .
" High ‘CHO' (34kJ) Co o =1l.9e#0.14R
' 'High Fat (52kJ) . . . 40 4740.15% "

- High Fat (34k3): B R & 99+o 16b S
| C .

SR  ’* ‘Values are means * SEM; n—18, values with. dlfferent
BRI superscrlpts\are 51gn1f1 antly dlfferent (p < 0. 01)

@

-
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Figure II-1. Dlsappearance of NE in mouse braln <%eart
LR ... kidney and pancreas, after admlnistratlon of -
. a'methyl- tyr051ne in' mice fed two levels. of -
" ‘energy intake of a high carbohydrate diet:

52kJ (=) and 34kJ (-=-).

Each p01nt

represents the mean + ‘SEM ‘of 5-6 mice. The -
equatlonSofor the least squares’ flt of log
:transformed concentratlons were:

“BBAIN:~;. cuo (ssz)“
. .CHO (34kJ) "
HEART: . CHO (52KJ)
T -~ - CHO (34KkJ)
' .ﬂKIDNEY" CHO' (52kJ)
. - €HO. (34KkJ) -
o PANCREAS§¢Q§91{$2RJ)
, e _ mﬁ; (F4%7)
Ny

y-3 51250, 048%;

y=3.536-0.056x;
y=3.676-0.080%;
- y=3.701-0.072x; -

y=3.672-0.092x:;

¥=3.708-0.068x; -
y=3.380-0.082x]
.;y=3 460-0 099x,;

r=-0.85 -
r=-0.90
r=-0.87

r=-0.88" -
- r==0.83
'r==0.85 -
r=-0.79 -
r=-0.87

//v" The numbers shown are the half-tlmes of
o dlsappearance of NE" (ln hours).

T

aﬁ§ ;; -
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 CHO (52KJ) - y=3.313-0.065x;  r=-0.72

-h )
o

.Dlgappearance qf NE 1namouse IBAT after .

:,agylnlstratlon ‘'of a methyl= tyn051ne in. mice P

" fed two levels of enmergy jmtake of.a high. . ..
carbohydrate diet: *52kJ (—*—) and "34%I (---)

T

4!5 H

'—_-omgh CHO (M U)'f". EURRIC RSP

o :"v3z‘.;ff?$“5 i -
Time (h) -~ . .

¥ S
] ' o
' o x S
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. o :
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N ¢ v.or ’
L2 P 9» add
o -

Each’ point répresénts ‘the. mean + SEM of '5-6

.mice. The equations fox" the least. squares fit
.of Iog transformed concentratlons were'

- CHO (34kJ) * ¥y=3. 369+0. ogzx,gf-r=-o 77 ,'

: gThe numbers shown are the half—times of
“ﬁdlsappearance of NE (1n hours) Cn



- PANCREAS: FAT (52kJ) y=3.357-0. 078x%; r=-0.83 -

-Dlsappearance of NE ,in mouse braln,_heart
-‘kidney and pancreas, after administration of
a methyl tyr051ne in mice fed two levels of .

| energy intake of a high fat diet: 52" kJ

'(—=—) -and 34kJ (---). Each point
represents the mean #* SEM. of |56 ‘mice. The
»equatlons fof*mhe least’ squares ‘fit of 1og
;transformad . eptratxons~were§ﬁ Lo

y=3: 513 0. 053x,3: =-0.82

y=3.547-0.063x; 1r=-0.93.
- (5 y=3.647-0.072x; 'r=-0.89
.FAm (34kJ). y=3.693-0.091%; 1r=-0.86

#BRAIN ‘{

HE}A_RT s

" KIDNEY: = FAT (52kJ) y=3.699-0.109x;~ r=-0.85

FAT (34kJ)  y=3.674-0.085x;  I=-0.90

FAT (34kJ) . y=3.401-0.093x; r=-0.93

-»The numbers shown ‘are the half tlmes of
N dlsappearance of NE (1n hours) '



Tt

A

wr
A A‘AAAAII

[ W

7

A

: e

Ad A biarl

- Las
Q.

@
- NE (amol/g)

<
&

O &

o

- U Time(h)

.| — 0 = nicn rar (52 k3)

-

-- O = HIGH FAT (34 kJ)- |




’

Figure II-4.
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' Dlsappearance of NE in mouse: IBAT after

administration of a methyl tyros1ne in mlce :

fed two levels.of energy intake of a high R
fat diet: '52kJ (—) .and 34kJ (---). Each ,;fgvf', P
point represents the mean + SEM of 5-6. mlce.' Tt

- The equations ‘for the least sguares f1t of log R
‘;ntransformed concentratlons were. ‘ e

'FAT (52kd) . y=3.087-0. o62xs =-o_.'7_1»
(FAT (34kJ) © 'Y=3.170-0.099x;  r=-0.80

' The numbers shown are the half—tlmes of fﬁ?'
dlsappeafance of NE (1n hours) :

.. .
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Experlment 2. The resFrlcted mlce wvere fed thelr dally

\ k)

]“1ntake (34 kJ) as 2 equal meals presented at the beg1nn1ng

‘Vand the mlddle of the dark perlod to ellmlnate the fastlng

"'ﬂe‘.effect of normal energy restrlctlon. When mlce were allowed

‘ﬁ:;ad llbltum access to the hlgh carbohydrate dlet 1ntake

LY

‘ff?averaged 2. 90+0 11g over the experlmental perlod 37% hlgherh'

”‘;lithan the 1ntake of these "meal fed“ restrlcted mlce (Table

'pII 5) These levels of 1ntake produced the expecté& 1ncrease"

o i

"1n welght 1n the ad llbltum fed mlce, whlle the "meal fed"

R .restrlcted m1ce lost welqht (Table II 5)

L]

%;.-

C s

I..,‘

Ity

Iﬁ splte of ﬁhe ellmlnatlon of the fastlng effect of Lo
deprlvatlon, both endogenous NE concentratlon and fractlonal

Q"NE turnover were unaffected by the restrlctlon of energy

O A

‘Vllntake (Flgures II 5~ 6 Table II 6) Fractlonal turnover,‘

"however tended to be " lower 1n heart (by 15%), kldney (20%),‘

"and pancreas (129),‘and hlgher 1n braln (by 28%) and IBAT

3

(189) 1n the umeal fed" restrlcted mlce,_compared to thelr,

ad llbltum fed controls In addltlon, the pancreas and IBAT

. H

.of the ad llbltum ﬁkd mlce were 12% and 19% heav1er,‘y

' respectlvely, than the "meal fed" restrlcted anlmals (Tabler

. »

'II =6) .

The 1nab111ty of restrlctlon per se to affect turnover

l <

suggests that the predomlnant effects of energy on NE

b

turnoVer may be ﬁue to the fastlng,that accompanles normal

energy restrlction._. //u



; 'Effect of energy restflctiohl oh’foodéihtakevané'weight -
. change ’ - . -, :

‘ ' /9 \\ '.'. cgr64
 Experiment 2 . .. A o
| Table II-5. S T

' = -7 S ' # . @
- K i ’/’ L :. e
R 5 '

[ }

__Greupfjf‘,t Intake 714'5 .3"Welth~change

('gid)‘ ; (kJ/d) T N(gxsdy.”"
- - > 3/34)

' ngh CHO (ad 11b) 2. 9010, 11a2 46 16+1 7oa +0. 36+0 07a

7

High CHO (2 x 17kJ) 2.1240. oob .33, 75+o Oob’,—l 24+o 11b

,/ . i

L

Anlmals were meal-fed the prev1ously determlned restrlcted
intake- lelded into two equal meals-ﬁresented at the

*beglnnlng and mlddle of the dark perlod.‘»--

& i

Values are means + SEM, n—18, values w1th1n columns with a.

different: superscrlp; are’ 51gn1f1cantly dlfferent f@‘
p < 0. 001) T, G o
AR
,:/ '
-bﬂ"p ¢
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DR T i 1
- EXperiment 2 . ¥ {%
Table II-6-.' PR

'Noreplnephrlne(NEgL{]ﬁpoVerviﬁ adflibitﬁm;fed‘or’“meaiffed“
- restricted mice o RS L -

Fractzonal Calculatedi:

Group ;t : _NE - - NE (k) turnover
: P il VO : turnover rate
- e
3&\ : (mg) (nmol/g) (sn) (nmol/g/h)
o R - iBRAIN "
~ High cnb.(ad'lib)' '197.3+3.0% 3.51+0.18 10.540.01 0.361
_ High CHO (2 x 17kJ) 205.3%3.9 3.88%0.23  13.430.01 0.499 - -
| " HEART ;
'High CHO (ad"lib):'n'ss 742.0 4.5240.16 29.5+0.02  1.400
High CHO (2 x 17kJ)  80.4%1.9  4.82%0.17. 25.2%0.01 1.286
5 'KIDNEY -
High CHO (ad 1ib) 95.442.1" 4.55£0,10 21.9+0.01 1.018
High CHO (2 x 17kJ) 89.8+2.3 "4.42#0.16 17.6%0.01 . 0.754
“ o o PANCREAS |
~ High CHO (ad 1lib)  107.3%3. Qg .1940.07 29.4+0.01 0.663 .
~ High CHO (2 x 17kJ) 96. 1+2. 7 -45%0. 13fj25é§i0;01 0.612
- IBAT e
High CHO (ad 1ib)_-167.6110;93‘3.05io,2o 23.2+0.02 ©0.567
High CHO (2 x 17kJ)141.5+.5.5P 3.46£0.32  27.3+0.01 0.778

T Values .are means + SEM, n—18 values within columns w1th‘a:-"

dlfferent superscrlpt are 51gn1flcantly dlfferent
(p < 0. 05) ‘

w



'Dlsappearance of ‘NE in mouse braln, heart,
Kidney .and-pancreas, after administPation: of
. a methyl- tyrosine in’ mice fed a high
.carbohydrate. diet- ad libitum (—) or
. restricted and meal ~fed 34kJ as two dally
: meals (—==)=
“Each p01nt represents the mean + SEM of 5 =6
mice. .
The equatlons for the least squares flt
of log. transformed concentratlons were:

BRAIN:  CHO (ad 1ib) y=3.535-0.046x; r=-0.82
" CHo (2x17kJ) ¥=3.570-0.057x; r=-0.88
HEART: - CHO (ad 1ib) y=3.677-0. 128x; r=-0.92

© ' CHO (2x17kJ) y=3.708-0.109x; r=-0.

KIDNEY: CHD (ad 1lib) y=3.667-0. 095x; r=-0.

~ . CHO (2x17kJ) y=3.632-0;076x; r==-0.87_

'PANCREAS: CHO (ad lib) y=3.353-0. '126%; r=-0.96
_ CHO (2x17kJ) y=3.376-0.112x; r=-0.95

9

The numbers shown are the'nalf times.of ,
dlsappearance of NE (ln hours) ' R
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© Tme().

— 0 = HIGH CHO (ad 1ibitum)
| -~ 0 = HIGH CHO (2 x 17 kJ)

-




~

px

NE (nmolig)
o |

P oYY

—l:lngh CHO (ad Ilbltum)
-—c oHIgh CHO (2 x 17 kJ)

O
-l

"» Figure II~-6

&\

Dlsappearanée of NE in mouse IBAT éfter

~administration of a methyl- tyrosine in mice

fed a high carbohydrate diet ad libitum (—)
or restrlcted and meal-fed 34kJ as two daily

: - mealg (---). Each p01ng,represents the mean

+ SEM of 5-6 mide. The equations for the least -

squares fit of log transformed concentratlons

were: , , ,?'

,CHO (ad 1ib)  y=3.389-0.101x; ~ r=-0.83

CHO - (2x17kJ) ¥y=3.455-0.118x; ‘r=—o 87' L

The numbers shown are tn° half-times of
disappearance of NE (in hours).

68
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it

Experlment 3. When mice ‘were fed the'restrlcted
‘1ntake 6€4kJ) presented as a SIngle meal or ‘were allowed ad
11b1tum\§ccess to the hlgh carbohydrate d1et the restrlcted
_mlce lost and ad llbltum fed m1ce galned welght (Table II-

'7$. Intake of the ad’ llbltum fed group was 57% hlgher than

that of the restrlctgg group ThlS restrlctlon w1th fastlng .

resulted 1n a 51gn1f1cant 38% lower NE turnover 1n the heart
alone of the restrlcted mlce compared ta thelr ad.llbltum‘n
fed controls (Flgures II 7 8 Tahle‘iI-B) In addltlon,- :
.turnover 1n the remalnlng organs tended to be lower in the

kldney (by 22/), pancreas (23%) and IBAT (259), and h&gher

in the braln (179) of th_

'ﬂ_ted mlce, although not -
51gn1floantly so. Card;ac~v tratlon was unaffected by
' thls restrlctlon, Lts of the ad. llbltum fed
- mice were 10’ heav1er than'flose“of the nestricted anlmals
(Table II 8) Pancreatlc NE- concentratlon ‘was affected by

‘ restrlctlon restrlcted m1ce hav1ng a 20% hlgher
concentratlon of NE than thelr ad 11b1tum fed controls

, (Table II-8) The welghts of the pancreas and IBAT of- the ad
.11b1tum fed mlce were 21% and 32% hlgher, respectlvely, than

"those of the restrlcted mlce (Table II-8).

69
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p e

-~

W]Ekﬁerimeht 3
- Table II-7. _»*";‘

f-‘Effect of energy restrlctlon1 oﬁ_fqbd’fnﬁaké.andhweiéhtf’
**change L : L S

e,

- T — /i
5 - s :
ngh cno (34kJ) _f' 2. 12+o oob | 33 75+o oob ~,-1 o4+o 09P

"

/

: Anlmals were fed the previously determlned restrlcted

'llntake as.a single meal.« : o

| ¢ S J,ap:’ve

:Values are means + SEM, n—17 18, values within ¢olumns .
w1th a qgfferent superscrlpt are s1gn1f1cant1y dlfferent
p<00 ‘ . R

D omve

B

v . i o s . e
. Lk . E

' ST ig/d)" __ ,<kJ/d) --,-_?,-\j-.j_-;(g/zdr

rffﬂlgh CHO ead »lb), »4 ;3+o:ogazh -53 01+1 3ga 0. 82+0 12a s



. :&Tabla II-8. S f;-”""i‘ SR e e
: * Ty . : zt i S : : . R "«_-
'-:;Nofeplnephane(NE) turnover 1& ad llbltum fed or restrlcted
' ,mlcg L e ey

@

/ ractional Calculatad .
" NE (k)

”"Groupf
2 o turﬁover =

Weight | NE
o A rate
\

e (nmol/g)lﬂf_ ) (nmol/g/h)

RAT

R . . E
o . : S

0. 385'
0.481

3.61%0.07
3.88%0{13

- 202.4+2.91
| 199.6%3.3°

.;ngh CHO (ad llb)

,ib.9£0;60"
ngh CHO (34kJ)

°12.7£0.00

. HEART

87 8+1.62"

1.930
8O. 8+1 Bb

38.5+40.033" R
1.180.

23.720.01%"

A i S 0l
. '.‘.,A.q G . R L "KIDNEY o S . _'

4. 3e+o 14'
4,64%0. 20

[&;Highfcﬁof(ad1iib)
. ~High .CHO (34kJ)’
s e IR

b - “'. T ," . i - _
'25.1+0.02 - 1.068 -
29.6+0.01° 0.805

'7algh CHO&Xad 11b) 94.2+1.4

4;0010,02,
ngh cﬁb (34kJ) y139 3t2.1

©4.12+0. 15'

PANCREAS _'“%

High CHO (ad 1ib). 103.5%3. 13 1,86+0, €2 27. 240, 0.01 -~ 0.526 -
“High CHO (34kJ) = . 85.3%3: zb 2.2420. 11b 20.9%0:01 0.447: "
0.695 -
o:szsm

59.640. di:"
2 98+b 19 22 1+o 01

17&.1+6 sa 2 61+0 12

“.High CHO (aa,lib)
13%. siengb

- High cHO (34k3)

rValueq are. meansv

SEM, n—18 Oalues wlthln columns vlth rs

‘turnover

‘vﬂ'

dlﬁﬁereﬁt snperseript are 51gn1f1pantdy>aifﬁerent R u,'”

(p <¥o 05),

eyl ..’.‘.7‘ . . .

’



FigurefiIe7,

a9

v o q

meal.

: {
'anch.pornt represents the mean + SEM of 5= 6
¥ mice,, . \ ' e
"+ The equatlons for the least squares flt of log" el
‘.transformed conoentratldns were. § - S

r A F

_BRAINf“ﬂifCHO (ad 11b) y—3 550-0. 0471
. 'CHO (34kJ) ' y=3.580-0.055x;
HEART: . CHOf (&d lib) y=3.677-0.141x;
L+ CHO\(34kJ). - 'y=3.6987 0.103x;
't'KIDNEY:,, CHO “(ad 1lib) y-3:629 -0.109%X; "

"CHO (34kJ)  y=3.613-0.085x;

f‘.PANCREAS /GHO (ad lib) y=3.28670. 118x%;

L 3 o ’/‘,.(\

oy T
: ‘e v .

- . . DA " Y

. . . P .- '! d

e . z

'{The numbers shown are'the half—tlmes of

';rdlsappearance of NE (1n hours) L

r==0.
r==0.
CHO (34kJ) ¥=3 329—0 091x.5

“Dlsappearance of NE - 1n mouse braln, heart
kidney and pancreas, ‘after admlnlstratlon of
“a-methyl-tyrosine in mi¢e .fed a high: - .
‘carbohydrate diet ad liybitum- (——-) or . :
"restrlcted to 34kJ (—- ) fed as:a single dallyf.

{

,r--O
r=-0.
r=-0.
r=—0;§ e
87 .
.93 -
oy

r=-=0'

I':=—O
LI

i

3

g3
94
91 Vel

3

.-
e

Slope of the regre551on llne 1s 51gn1f1cantly

different from'contror (p <. 0 05)

‘1-
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 KIDNEY

© NE (amol/g)
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,—omgh cno (ad ubuum)
_---°OHIgh cno m lsJ)

‘ NE(nmollg) A‘

4
[

g

Eigure’IIés.; Dlsappearance of NE ‘in mouse . IBAT aftel;.f

o 07 7 -administration of a methyl-tyr051ne in mice:
T ; fed a. hlgh carbohydrate diet ad: 1libitum (-——)

or: restrlcted ‘to 34kJ; fed as a single daily -

S Y SEM of

2 -;“, were. : e Al °~'53y”1. _;_;=,gi

S “‘ cao (ad 11b) y-3 370 o 129x.”,'- r--o 90" -

RS - cno ,(34k3) =3, 375-—0 096x; r--o 83»;5""_" N

YL ~The’ numbefs shown are the half—tlmes of .
RS d1sappearance of NE (1n hours) '

R TE

ﬁ*g“l;o;f“i,~meal (?") Each'polﬁt represents.the mean: + Jﬁflﬁﬁﬂ

. 5+ 6 mice. ‘The 'equations, for the: least '« r° .=

N T squares £if f Jog transfﬂrmed concentratlons i,' S
. R . S S e P ;



'_jExperlment 4.- Because the ad llbltum 1ntakes in: Exp 2 and

-3 varled ‘the degree of restrlctlon also varled. "meal fed"f5}7
. 7
”restrlcted (Exp 2) and restrlcted (Exp 3) mlce were fed

;73% and 64% respectlvely, of thelr correspondlng ad 11b1tum

tvlntakes (Tables II 5 II 7) It was thereforq dlfflcult to

rfdetermlne whether the decrease 1n cardlac NE turnover

”ed,when the restrlcted 1ntake was presanted as al

f(Table II 8) was in fact due to fastlng or to )

"ely gréater degree of eq;rgy restrlctlon 1n Exp
s aw R

3 he dlfferences 1n ad llbltum 1ntake NotabLy,<

-

fractJ‘ 1&_1;«3:' turnove;r_,g*ih B ';: é fed the h;.gh

"5‘ carbohydrate dlet w1th an ad llbltu : {ake qf 53 kJ (Exp

v ‘,

'§'3) (Table II 7) is 309 hlgher than tha 1n the heart of mlce

‘ﬂ? SR

D

/ d 11b1tum 1ntake of 46 kJ (Exp 2) (Table II-'
_‘a -:*'_!:u-_; ,:.5;__vrlf

G

chsumlng a'

-

nlmals\(Table II 9) Although~” ”;-fed" restrlcted and

estrlcted m1Ce reeelved 1dent1Calftotal energy lntakes S
weeght 1055 1h the restrlcted mlce was 38% greater than that_

n the "meal fed" restrlcted mlce (Table II 9) Conversely,,“;fff

RS

the 2 hblt“‘“ fed mice’ gai“ed Weight (Table 11—9) AR

I

Fract10na1 NE turnover was agaln lower, by 46% in the




o

” llbltum fed countérpar%s, when the restrlcted 1ntake was
presented as ‘a 51ngle meal (Flgures II 9 10 Table II 10)
Conversely,,when an . 1dent1cal 1ntake was presented as two
da11y meals; fractlongl NE turnOVer d1d not dlffer from that

oy of ad llbltum fed counterparts 1n any organ (Flgures II 11-

:“g;,1'{ Table 1I- 10) IR ' | y e

‘ Endogenous NE concentratlon was unaffected.%y elther
restrlctlon or "meal feedlng" restrlctlon, except in. heart
and pancreas mhere concentratlon was hlgher when elther type

v of restrlcted 1ntake was fed compared to the ad llbltum fed

V*controls (Table II 10) Wlth the exceptlon of bgaln the
welght of all organs was 1ower in. both groups of mlce fed

f"; restrlctedolntakes, compared to the ad 11b1tum fed mlce
f,; Experlment 4

- Table II-9. - ];j: ;;,5gﬂ”f | j;,'7» *;L»{’ff:~;f

A

Effect of energy restrlctlon on food 1ntake and welght 3
change v' - : : _ _

P

ew e ;Grouﬁ"a.ﬁ',g~.r]';-f f Intake :" :"f; Welght change

-

tg/a). l‘(kJ/.d) ‘94301)

ngh CHO (ad 11b) . 2 91+o 06al ‘*46 33+1 oa ‘l +o 62+0 123*‘

PR ngh CHO' (2 x:12KT) 1 so+o oob ' 238856760 L1 32+o 14bf;<§35

-'-o.

o ngh cao (24kh) - 5o+o‘oob 23. se%b ob g%.-1u76+o o7°faj:yf

. a.'.,. . "-. . v ‘
4 . ‘ », s . it . T '_ X » - ‘.

*'Values are~means - SEM. n—la,‘values w1th1n columns w1th a~"
dlfferent supe;scrlpt are srgnlflcantly dlfferent ol :
(P < 0 01) N

[T A . ’ N "’ N - o !



&

v.f:iHLgh
- High

. "High
"High

4"H1gh
_High
'High:

High CHO
...~ High .CHO
",ngh CHO

Exper;ment 4 e
Table II-10. i:'{;;~ Q."

Nereplnephrlne(NE) turnover‘ln ad‘

. restrlqted or restrlcted mace

e

s btz fea, aeal-tedt

v b
H B

L
-0

. m-

.:.turnover B

(BmOi/§Y  

@ >

Fractional c;loulated

¥,
: *turnov.r
rato

¥

(nmol/g/h)

NE (k)

(3H)

High "cHO

CHO

'f.nigh‘cﬁo

';fpﬁlgh CHO

‘High CHO_

'(ad 11b) -
GHO |
CHO'

:bﬁbﬂ(ad 11b)
(2 X 12kJ)

:(24kJ)

CHO"
[CHO'

CHO"
CHO -

(ad 11b)
(2 x iZkJ)
;%24kJ)

207

(2. % meﬁb) 200.
“(24kJa

203.

LY

E . pal

73
76

- 100.
86

(ad 1ib) -
(2% 12kJ)

(24kJ)

w'

- 82.
82

NEN S

(aa 11b)
(2 x 12kJ) 105%

95,

© 136.

fm'u: L ',‘f

142, 61 3 36+0 os

6+4;l
9+4 3

3. 46+0 10"
3 62+0 16

HEART

80.0+1. 63 5. 02+o 192 28, 5+o oza

6+1 3"
6+0.7

.5.63+0.10

KIDNEY |
342;' V4ﬂb&+o 10
7%2.4P 4.78%0.15
6+1 9 bs 1430. 15

PANCREAS

2 3§+o 08
©2:91+40.15

a3 -_.r_ea
2+2.8
2+2

IBAT

7+8 2a

35140421
8+6.8P.

3. 74+0 35 -

RAIN L o

5. 7o+o 22b

2. 88+0 13b

103 1+6 ob

H 38+0 28

110.1:0.01
10.7+0.00
| 13.1%0.01

'22.6+0.013 "

1,437
15.5+0.01P

19.0+0.01
15.4£0.01
15.4;0;01,

[

a. 20 8+0. 01f

19.4+0.01

©20.4+0.01

. ° “yﬂ ! ’ .
-u-"?"'7{

25 n+o oi

21 340 01 0.0,

1.565

0.886
0.768
0,764

, .
LR VIR S
P

Y o.745

-i

(24kJ)

.‘w

‘

. 23840, 01¢_

¢

.y

0. 897ff}7i?ﬁ

m£ g

t

’”% *"5»~; a;

(p < 0 01)

A,e - . _Z°

~17Va1ues are means + SEM, n—18, valﬁes withxn columns with a
d1fferent superscript are szgnificantly different

-

- 0.327, °
0.367 - .
- 0.466- .

0.890

10}468“ff
0.563. .
10.565

. o 3
A .

N .
Sy N



'rigure~rx+9g

frestrlcted to 24/kJ fed as a sing

¥

,Dlsappearance of NE in mouse. bra' rt,r‘
;kldney and pancreas, after admln_ £ on ‘of

a methyl-tyrosine in mice fed a
carbohydrate diet ad- libitum (-——

(===)-

Each poi represents the mean SEM of 5—6»
:mice. . /L~ o
"The eq t;Qns for the least squares f1t of log oo
transf'“” . ‘

'HEART;ﬂ_ Cﬁ0'(ad‘15b) y=3.730-0,124x; r=-0.84"

concentratlons were.

'.hRAIN:'W CHO (44 1ib) . v=1.512-0.044x; rs—olsz.“-

- CHO (24kJ)  'y=3.550-0.057x; r=-0.93

CHO (24kJ) y=3.760-0.067x; r=-0.93

KIDNEY: CHO (ad:1lib) y=3.670-0.083x; r=-0.87

. .

CHO (24kJ) ~ y=3.696-0 967%;. r=-0.90"

PANCREAS: .CHO' (ad 1ib) y=3% '353-0.090x%; r=-0.95 .
., i/ CHO (24k3) ,y=3 443-0“ aax,‘,=+o.93 '

SR x, B AR o
BT AL ,‘ . ":v o o Ve ~ : . A h'.“

3 The numbers shown are the half-tlmes of

dlsappearance-of NE (1n hours)

Slope of’ tﬂe reqressxon "1iné is 81gnif1cant1y
d1fterent from control (p < o 01) el

B
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: l.l.l v ‘ 2.7 H
= = 5
B DHigh CHO (ad llbltum)
0.1 -—= OHigh CHO {24 kJ
oo ZSBEEET |
1: el ) 1 b.r
: iv

rignre II-10. stappearance of NE in mouse IBAT after f

W s »
- N 4

admlnlstratlon of armethyl tyr051ne in mice’ ,'i.‘v
fed a hlgh carbohydrate -diet ad llbltum (=) .

- or: restricted to 24 kJ fed as-a single. daily -

meal(---y.-Each point represents ‘the mean *

-?uSEM of.5-6 mice..The" equations for the least'.j;
‘iisquares fit. of log transformed Qpncentratlonsf

: r‘were. i :
S , ‘ e L p
 cHo. (ad hb) y=3 4@8 -0.110x; r=v-v.-0_.8"9

‘cuo (24k3) . y=3. 577 0.103x; = r=-0.91 L

. The numbers shown are the half-times of .
”‘,dlsappearance of NE (in hours)

-



F1gure 11~ 11.

‘restricted and” "meaI
-meals (===).

- Each poxnt represents tﬁé mean SEM of 5- 6.

Dlsappearance of NE }n mouse raln, heart
kidney and pancreas, after adm nlstratlon of”

Ca methyl—tyros1ne in, mice.fed a hlgh

carbohydrate diet ad«%iQQtum (=) or,
a" 24kJ as two dally

The equatlons for the 1east squares f1t of logl’;

%.transformed concentratlons were: f,

BRATN: © CHO {ad 1ib) y=3.512-0.084xs 40 82

- CHO (2x%12kJ) y=3+535-0.047x; ,x=-0.95 o

 HEART:  CHO (ad 1ib) y=3.739-0.124x; r=-0. 84 -

'CHO' (2x12kJ) y=3.806=0.098x r=-0:91

' KIDNEY: = CHO ‘(ad 1ib) y=3.670-0.083x; r=-0.87

_ ' CHO (2x12kJ) .y=3.697~0.067%; r==0.91
PANCREAS:. CHO (ad.1ib) y=3.353-0.090x; r=-0.95.

. CHO (2x12KJ) Y=3.464-0. os4x,?r=ed.91_;f:*'

B B
N

' The nuﬁbersyshewnﬁare;theghalf—times'dfT
‘Q'disappearanqg;qf NE (in hours). -

e s
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: F:Lgure II 12. Dlsappearance of NE :m mouse’ IBAT after B
' administration of a« methyl-tyrosine in” mice O
~ _fed a high carbohydrate dief ad libitum (=) .
© . or restricted and "meal-fed" 24kJ as. two daily
. meals (-~-) Each: p01nt 2pr¢se pts the ‘mean +

"ZSEM of 5-6 mice:The: equat;pns for the least = -
Jk;squarés fit of log transformed concentratians R
_were ; LR .snjA.7 :

 CHO (ad 1ib) . y=3.468-0.110%; . T==0.88
" CHO (2x12kJ) . y=3 517 -0. 092x,:‘ r--o 89 ~ »

‘f:The numbers shown are: the halt-times of
dxsappearance of NE (in hours) ,



't”:treatments (a h1gh carbohydrate dlet fed ad libltum or '7*'

C 11b1tum) on food 1ntake and wéxght change are shown 1n Table

PR L

Q.

Eqperiment 5._ The dletary restrlctlons 1h Exp 3 and 4
-}owered cardlac NE turnover and prov1ded a new dletary ‘5 EEERE
h'51tuatlon to-tedé p0551bfb mechanlsms for dleétlnduced
. _changes 1‘n s\)?mp hetlc ‘a\ctlvn:y The effects of s:.x dletary ST
,restrlcted to 24 kJ provided as ‘one or—two dally meals.f~7;'tfjn'ﬁk

'fhlgh fat dlet fed ad llbltum or*restrlcted to 24 kJ prov1ded

rifas a’ 51ng1e dally meal or a hlgh proteln dletrfed ad

~

';II 11, and on serum glucose, total free fatty aclds, 1nsu11n‘f¢

and large neutral amlno ac1ds are shown ip Tables II 12 and

LoTI- 130 T | _
THe ad llbltum 1ntakes, in grams, of the three ;;f *vsffff;hjy'
yexperlmental dlets ranked ln descendlng order were asf5fy;af3{flfﬁ

vfnfollows. (1) hlgh carbohydrate, (2) hlgh proteln, and (3#ﬂ

"~'h1gh fat (Table II 11) However, because of the dlfferences ”

f}vln the energy den51t1es of the three dléts, m1ce fed the o

3 I'illbltum fed mlce (Table II 11) estrlcted 1n :kes of the

" fflwere slmllar-ln-mlce fed the ad llblunm 1ntake of the high

. ;hlgh carbohydrate or the hlgh fat dlets ad llbltum had the
’,greatest energy lntakes of all treatment groups (Table II—I'

°

1'1) In addltlon,tmlce fed the hlgh proteln dlet ad 11b1tum

"Zhad a’ 51gn1flcantly lower energy 1ntake than the other ad
’ G

'h1gh carbohydrate and the hlgh fat groups we. 4!2% and 54%(\

ﬂof thelr correspondlng ad llbltum 1ntakes. Body welght gains fhﬂg

V:;carbohydrate and the the high fat dlets (Table II 11) M1ce

a‘

A“',;:fed the hlgh proteln dlet ad 11bitum had a. negllgible loss ;_Q;
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'f'of body welght whlle mlce fed 24 kJ of\elther the hlgh

C e carbohydrate or the hrgh fat 1ost more welght when the

restrlcted 1nta§es were presented as SLngle meals than as

. ,':v
‘

two meals (Table II 11)

Serumlglucose was hlghest 1n m1ce fed the hlgh fat dlet

”,ad llbltum and lowest 1n*m1ce fed the restrlcted 1ntakes,_»"

3

'regardless of d1et comp051t10n or number of dally meals:~” »
"(Table II 12)' Mlce fed the hlgh proteln dlet ad libitum had

lmserum glucose concentratlons 51m11ar to those observed 1n

’:the restrlcted mice- and ln those\fed the hlgh carbohydrate_;:,--'

'dlet ad llbftum P
/ .

L

FFA concentgﬁtlon was hlghest 1n the mlce fed restrlcted

ujlntakes 1ndependent of dlet comp051t10n or number of dally

'Ilﬂ:geals (Table II 12)\ When mlce were fed the hlgh fat dlet ad

:_»llbltum,‘serum FFA concentratlons were only sllghtly below 5r1

“those observed 1n those fed 24 kJ of the same dlet Serum

“FEA concentratlons were lowest in m1ce fed the hlgh proteln.alh

‘or. the hlgh carbohydrate dlets ad llbltum (Table II 12)
‘]H‘.Serum 1nsu11n was unaffected by dletary treatment (Table
.II 12) However,_restrlctlon of the hlgh fat dlet produced a
;non 51qn1flcant 21% lower serum lnsulln, whlle a 51m11ar b
'restrlctlon of the hlgh carbohydrate dlet produced
respi’tlvely, 09 and 8% hlgher serum 1nsu11n conCentratlon.
 when” the restrlcted 1ntake was fed as’ one or two dally meals
V(Table 11- 11) EEREE T o |

Serum tyros1ne concentratlons were~h1ghest 1n the ad

fllbltum fed- mlce, regardless of d1et comp051tlon (Table II-



T concentratlons-than those fed restrlcted 1ntakes of elther

:hgjfed the same d1et ad llbitum., w?‘

,', :

-1*;ﬁ§) Mlce fed the hlgh fat dlet ad 1ib1tum, had .“;va

f._respectlvely, 1. 5- 1 9- or 2\4 fold—hlgher serum tyr051ne v

e

l.the hlgh fat dlet or the hlgh carbohydrate dlet as(one
1,.

‘Z5da11y meal or two dally meals (Table II 13).v~ '-'“;3

86

' Ad llbltum consumptlon of the h1gh proteln dlet produced:_5u

'“da hlgher sum of other NAA 1n serum‘whenrdompared to all

R other dlets (Table - 13) Mlce fed zg kJ of elther the mgw

"fat or the hlgh carbohydrate d1et had serum totals of other

u_ NAA whlch were not s1gn1f1cant1y dlfferent from thelr ad

' [

5l11brtum fed counterparts HoweNer, 1n m1ce “meal fed“ the .

T W : o

K nrestrlcted 1ntake of the hlgh carbohydrate dlet the sum of

:'the other NAA in serum was 1ower.than those observed in mlce'

Nosun

. v':_

Because the NAA concentratlons in- the hlgh protein groupvvf‘

hwere SO hlgh the tYr051ne"'0ther NAA ratlo Ln these mxce S

‘;“was lower than the ratlo 1n mlce on all other dletary

yreglmens (Table 11~ 13) Mlce fed the hlgh CQrbohydrate or

.\,’ R

:the hlgh.fat dlet e1ther ad llblﬂum or restrlcted to 24 kJ j{

hfed as a 51ngle dally meal had s1m11ar tyr051ne.'other NAA
d7ratlos. However, when the restrlcted 1ntake of the high i

'fcarbohydrate dlet was fed as. two dally meals, the~ratio was
5rnslgn1f1cantly lower than 1n m1ce fed ad llbltum 1ntakes of

'{elther the h1gh carbohydrate or h1gh fat d1et and only

h;Sllghtly less than 1n the other restrlcted groups. fa-;;f:mf'""”

The relatlonshlp between serum concehtratlons of

A}t7fglucose, FFA, 1nsu11n, tyroslne, other NAA and the tyrosine.fe‘ﬂ[



_ ;»—(‘ o

;rother’NAA ratlo and correspbndlng fractlonal NE turnover L

o values 1s reported Qﬁ Table II 14._There was no 51gn1f1cant

‘ 'relatlonshlp between frgptlonal NE turnover rate and any of

'these varlah;es (p >> o 05)

Fract;onal NE turnover rate waS'

‘51gn1flcantly related to energy 1ntake in: 51tuat10ns of

sympathetlc actlvation. However, the relatlonshlp is not o

| 51gn1flcant when the 1nf1uence of body welght 1s ellmlnated

‘by the" determlnatlon of the partlal correlatlon coeffic1ent

'Ui(Table II- 15)
. o a\
‘ ,‘ $‘I

%%’n

S

" Experiment 5 . .
 Table 11-11._ A

S [

S

' Effect of dlet and energy restrlctlon.on food 1ntaké and

;»welght change

R

R

T~

+ .

'Group | ‘Intake ?dr 5_" Welght changef
L (kJ/d) SNCZL
High CHO (ad'lib)‘-v S 2. 91+o osal 46 33+1~oa '+o 62+0 12a,__»>
vgﬂigh éHo (2 x‘lsz) 1, 50+o ood 23.8840. v -1 3240. 14¢:.f.v
- .High“cﬂo (24k3) - 1.50%0. ood T .23~88+0;00*1-1,7610.07d‘
dnighgrat (?d,llb)lV 2 1z+o oscle 44.5241.02 .+oiSd¢b.1z?ji;f
- High Fat (2;k3i’;’ ©1.14%0.00% . 23. 8§+o 0°jf-i.§bidl69d '

HighfProtein (ad lib)' 2.

¢
e

rd v
3010. o2 . 40;15¢1.2b,

.,.'~ ‘\_\v ‘“-'_: \‘;
Rl ;

<0.02+0.10°"

”%I Values are means * SEM,

n—lS -18; ‘Values w1th1n

with a dlfferent superscrlpt are sxgnlflcantly

(P < 0 01)

N
. ,\'."v

Columns
different.

¢«



Experlment 5

Efﬁect of dlet on serum: glucose' free fatty ac1dS(FFA) and el
1nsu11n—concentrations PR L SR

S . R S e

©Group . .. o sékumfclucose- Serum FFA Serum Insulin

_”;f¢~f-%fflil”.1;”{;5;jkmm61}étfﬂ (umoi/dL) (mU/L)

3

L § ' o \w ', ~“\}j; o .._g
_;g’lnlgh cuo (ad 11b) . 10 37+o 4abl 4135+4 AC--,;;szsio;ge

‘ﬁVmﬂlgh cno (2 % 12kJ) ,f'8 41+o 2°~“ 58 2+5 ea m_fio;3io;9g'.ﬂ,«}1-
;ﬂt ngh CHO (24ﬁ3) ;feil.a 45+o 3° . 58, 6+2 ga C10.421.1

o

ngh Fat (ad’ llb) ERREE 27+o ERT »45.8:3Job°'-“a9{1ii}37

ngh Fat (24kJ) ?‘.f 19.3040. 4c :ss;aig;gab:-,yj;zig,g,:q

» ngn Protein (ad 11b) 9.51¢o.gbc . 39;433;89_°g'.§;5io;4,°

« . v . N N -

Values are means + SEM n—6 values w1th1n columns w1th a S
,\dlfferent superscrlpt are 51gn1f1cantly different
(p <’ 0 01) o . .

. .
I ., . . o



M

© experiment 5%
L -rabla II’-13. _

';;'Effect of dlet on serum tyr051ne, other NAA. and tyr551ne/
fother NAA ' e T e e

: - S A
R TN . S ) 2 N P SeT T .
: . P R ™ ) X - ) v

fy . .. R 0 . S Ly
LA DT T T T T
,Group’ . Tyrosime .« Other NAA . Tyrosine/ ..
. - '(mmolde) (‘umol/dl’h) EaRa

';.'Hiéjh-cm (adJlb) ,5 12+o 4eab2»4o 46+1 83b° o 15+o 01a
‘ H}’gh 'cHQ (2 x 12kJ) 2. 9o+o 32d i 125 oz+2 99‘3‘af 0: 12+o nobc

High CHO' (-24_kJ) ; "]3 68+0. 37°d 26 69+2 o4°de ‘0. 14+o 013‘b
" ~~_High 'Fat“,’(éd‘lf'i'b)‘ T 6. 96+1 162 41. 47+3 49’D 0. 16+o,,n1a *

legh Fat (24k7) - 4. 58+0 22b°d 32. 4o+1 ssh'c‘,i 0. 14+o,,01‘3“D

R

‘,..ngh Protem Lad 11b) 5. 85+0 28ab° 87 3747, 37a o o7+o 01d -

: I Other NAA Vallne,vleuc1ne, 1soleu01ne, phenylalanlne and
: Z»- tryptophan. '“@; : :

2 Values .are, means + SEM; n—6 valués w1th1n cgiumnslw1th a
dlfferent superscript are 51gn1f1cantly dlfferént L
(p < 0 01) R g st e e e e S ,ﬁ%-

. . . e ‘ i . X . '.. o .)' . . . . 'J

‘



;fFFA 1nsu11n,
and fggctional NE

Kigh cHo' xigh»cno nigmprotoin
- 2”%f12kJ) (24kJ) ) (ad 11b)

845~ 9.61 ' 40.453 " 4

202 ol e.s eo.zen o

E 012 D014 0.07 . 40,819

] vv' . . '_
53

“\kother NAA‘Lvallne, IeuclneA 1soleucane, pheﬁ}léi&niﬁé*aﬁdiqi
‘tryptophan. . . '.; LT :v'- 7'?, . i ". oL, . s

'ff_*‘ 2 Turnover values determined from Exp 4 and rgference 11 T e,
T for hlgh a;otein. B e R A U - PP R
o Qr. ’ \ . ) . ".:‘ . :', ;-I', . : \vA s

?/1.  3 The 51mple correlatlon <




P

'thpatimehE‘s A
Table II-15. .

'Relatlonshlp

etween energy 1ntake, body welght and fractional NE-
fturqpve; in | art\ el e T

A . Energy.. = .
47 intakell

Body
we:.ght2

_QFract;onal o
EYNE turnover BRI
(%h)'

‘ .' (ad llb)
N (lem ) E
wicn a6 o0 1
'SEXP5f31 R

*Hx‘h cno (inZijg

. PEE

e

Ve 33,75
e . ,

. 46.16

©53.01
4652

Tt 23.88

‘. 1{9)- -
, f,léizé f:
’72{;{6  
.;?15{52£i;1§”
}f;eisa'

1473

29,

.’U"
g
bl

. 25.2°
38.5

22.6 L

.

RS

é 0. 55 [simple corréiatidn'coefficiént]
< 0. 05 ' [simple correlation coeff1c1ent]
>ﬁ0 05 [51mple correlatlon cpefflclent]



-turnOVer associated w1th energy Lntake. In addltion, neither f

«

. . R ] . . N i

":_’-?“j-D Discussion and conclpsions

The results of thls study 1nd1cate that food

'fdepr1Vation, and not energy 1ntake per se ;s the4Q+

»

1,1predom1nant factor 1n the organ-spe01f1c suppre551on of NE

A AR : . Coxd

¢

serum concentratlon of glucose, FFA 1nsu11n, nor

C ltyr051ne/other NAA appears to be thé peripheral 51gnal that f‘

‘. 4

.(p?71n1t1ates the sympathetlc response. ipec1f1cally, when i”f‘

'f;fed as two dally meals presented at the beginnlng and the

' 7rorgans studled -Secondly, fractlonal NE turnover 1s not

i:energy 1ntake of a high carbohydrate d1et is. restricted to

"5'2250~64%fof ad ll/ntumf*ﬁtake NE turnover 1n the heart alone

[APT

*;ﬁls reduced when mlce are fed the restricted intake as a ff‘-
tf951ngle da”ly meal presentedvat the beglnning of the dark

fpperiod COnversely, wheghan 1d§nt1cal restricted 1ntake 1s o

S

Ve

fmlddle of the dark perlodxhﬂE turnover 1s unaffected ;n all

-

’ ”5151gn1f1cantly related to any of the Serum factors measured

These results are 1mportant for several reasﬁns. Flrst

. ”,they'éifarate the effects of food deprlvation from those of

‘ 2

va,,fof predominance of deprivatlon over restriction of caloricL‘?

I “F

-Qipintake,—per se, 1n e11c1t;ng a decrease 1n NE turnover

fi.“provides a prev1ously undetermined model for testing

(

»(l4),\and alternatlvely, tyr051ne availability (10 17), haVe

; B Y
:"‘.‘.'

:fTbeen squested as the peripheral s;gnals that inltiate diet

“7_finduced changes 1n sympathetic ctivity However, a ro}e for

L » Sl e Y Lt s .
. e . ) . L G ‘. ' o N . . .

B -calorlc restrlction on NE turnover. Fnrther, the ohservation -

xo:pos51ble mechanlsms of sympathetic suppression. Insulin fi"i'”



b

Te

'»,g rate of

3 hrp:w.

e R

'{’erum glucose, FFA 1nsu11n or tyr051ne/other NAA 1n ”.'\
medrﬁtlng the sympathetlc response 1s not supported fﬁi"
NE turnover 1n the present study 1s assessed from the

e

rate of decllne of NE concentratlon'after synthe51s.5“

o

on after synthe51s 1nh1b1tlon 1s equal to- the .
&bynthesls in untneated anlmals (30), 1 e ‘that the

klnetlcs of a steady state system ex1st NE concentratlon

,decllned monoexponentlally in’ all organs studled (bralnp

~

‘",heart vpancrea\\and kadney),1except IBAT demonstratlng that |

}_one of the major assumptlons of steady state k1net1cs had
beéen met - The decllne 1n NE concentratlon 1n IBAT appeared
to beiblpha51c and may-underestlmate actual NE turnover.
These resuLts are 51m11ar to those reported 1in a prev1ous

——

'study,'where the flt of the data to the monoexponentlal

)f_ _curve was less 51gn1f1cant in IBAT than 1n othé? tlssues

'studled when NE concentrat;on was. determlned at seven tlme
p01nts over a 51x hour perlod (11)

In addltlon to 1ts 11m1tatlons in the measurement of

' (IBAT NE turnover, the synthe51s 1nh1b1tlon technlque may

o
RS

" also mask dlfferences in sympathe+1c act1v1ty, glven the L
varlablllty 1nherent to the technlque\ Because NE turnoVer
Ini ad llbltum fed mlce (Exp 2- 4? was. measured at the end of

the dark perlod in fed anlmals, and hence 1s llkely

L reflectlng turnover durlng the thermogenlc response to

eatlng,‘lt should therefore reflect max1mal dlet 1nduced SNS

. € S . . . : R
L o C , : . .o . S C, ",.s
e oo e . . . .

n_bQ‘a methyl tyroslne (21)' The use of thlS method-

,he assumptlon that the rate of decllne 1n NE ) .



. -n”;actlvatlonx Thls 1s supported by the observatlon, rﬁ thls’

f\jstudy, of cardlac NE turnover values s1m11ar to those

.ce fed a low protel,n, d1et (11) , 'ey A

- cbserved»ln 51m11ar

',’351tuatlon of sympathetlc stlmulatlon, In restrmcted mlce,

: o

: yreflect 1n part the llmltatlons assoc1ated

rsynthe51s 1nh1b1tlon technlque, desplte 1ts Qﬁvw‘

v

.L "'\'

.~

response to eatlng can be predlcted to be dlmlnlshed s1nce ,

.

fthese anlmals were in"a more advanced post absorptlve state_wh

- e : ‘
than Were the ad 11b1tum fed m1ce The 1nab111ty of

'. ‘v' I

urestrlatlor' per se, to affect NE turnever may thereforev B

14

7“lor1ty over

Ty S o
'measurements of NE concentratlon in blood as an 1ndex of SNS '
act1v1ty (31) ,:f“ ':*:;p“- : j ‘Q,_ﬁg,_;",n:t‘iaf-

Controlllng food 1ntake of elther the. hlgh carbohydrate

-—

‘/:.

’ or the hlgh fat dlet to 52kJ (Exp 1) falled‘to produce

'vwas based on the hlgher ad 11b1tum calorlc 1ntake obserVed

: ”mlce

“Tallowed ad llbltum access to" hlgh fat dlets have been shown’.'

,-welght galn 1n M1ce fed e?ther dlet This level of xntake |

71n tXe prellmlnary experlment that of the hlgh fat fed

) -and was 1ntended to prevent restrlctlon 1n mlce
subsequently fed thls dlet in Exp . Experlmental anlmals :f-.;/
CY

‘7to 1ncrease calorlc 1ntake leading to eVentual 1ncreases in
"~welght galn and fat storage, unllke hlgh carbohydrate dlqts

'hwhlch ?nglt these effects only 1n older anlmals (32)

'perlod was only 8% above that of control mice fed the high

v .

.4

94

'lhowever, NE turnover was measured when the thermogenlc - _'%’ff

'fAlth o "n early 1ncrease 1n energy 1ntake was observed onft;_‘;’
- s R :
lﬁﬂﬁyﬁ pgf mlce fed the hlgh fat dlet,\\itake over thgg3 day

PIE



Ci rbohydrate d1et (Prellmlnary Exp ) It'appears‘that 'as

T

f, some degree of restrlctlon developS, bedQUSe of splllage gr

of ‘the llmlted amount of food Thls may account for the

faI{ure of proteln supplementatlon to suppress NE turnover

— 1n rats compared to chow.fed.controls-(S) Alternatlvely,'

. concentratlon was- loWer 1n the IBAT of mlce fed the hlgh fat\

KR

Y

N

')

'1)

"seasonal varlatlons 1n food 1ntake cduld account fsrsthe

'unlntended productlonoof deprlvatlon un theSe anlmals

Energy restrlctlon in Exp -1 resulted 1n total body and

s organ spec1f1c we1ght loss. Diet comp051t10n affected only

kldney welght and IBAT endogenous NE concentratlon Eﬁkp

‘e

d1et regardless of level of energy 1ntake Thls lower

endogenous NE content has been prev1ously reported in the

”'o? as food 1ntake is controlledtby feedlng‘a flxed amount o
. ‘ e

'conver51on to a mea}\feedlngppattern, i e rapld consumptlon: :

heart of mlce fed a hlgh fat d1et and tends to support the SR

theory that hlgh fat feedlng may alter NE storage'(6)

A Although a 1ower NE- concentratlon 1s frequently seen 1n' B

51tuat10ns of 1ncreased NEcﬁurnovev (3 6), thlS does not

.

_ appear to be the case 1n the present study (Exp 1), 51nce;“

the—calculated turnover rate (K), whlch 1ncorporates the

-

lower NE content was not con51stently hlgher in the m1ce

fed the high fat dlet than in those fed the hlgh

‘carbohydrate diet.

o Tge 1nab111ty—of elther hlgh carbohydrate or high fat

dlets@ﬁb affect NE turnover 1n the present study (Exp 1) -

AN ’
does not contradlct prev1ous observatlohs of fat and

Q



'~carhohydrate stlmulatloﬂ ofﬂﬁympathetlc aet1v1ty (6 9) aﬁ e

—~

: d15$1m11ar experlmental condltlons ex1st Anlmals 1n the

- prev1ous studles were elther fed ad llbltum (9) or thelr

’:calorlc 1ntake was ;ncreasedvso lQO% over‘ad lubltum 1ntake
..9 Y,.‘A 'h__,of

by 1socalor1c supplementatlon of varylng amounts of chow :
. s L

. R
1ntake wlth fat or:. carbohydrate (6 8) In the present study,_j.

.)

the 1nab1Iity of the relatlve ¢alor1c restrlctlons of both a

'-9"'3 o .

'-hlgh carbohydrate and a hlgh fat dlet to affect NE turnover

suggests that deprlvatlon 1tse1f 1s a-: major factor ;“."t.

1nfluen¢1ng sympathetlc act1v1ty, or . alternately, that

Lo

- changes 1n NE turnover are not apparent over thls range of

deprlvatlon '

: \'
-rw1thout deprlvatlon on’NE turnover Meal feedlng a’

' :restrlcted intake (34kJ) as 2 dally meals falled to affect

TvNE turnower or N..C' tent 1n any organ although NE turnover

B ? e
gtended to be- lpwer 1n heart kldney and pancreas of the

L e —

, N :
arestrlcted "meal—fed" m1ce The meal feedlng paradlgm was

‘vplanned to 1solate the effects of restrlction, per se,-by

T
_ decrea51ng the duratlon of food deprlvatlon. When

. . Sow
Thus, Exp. 2 examlned the effect of energy restrlctlon _éwﬁ_;:

'deprlvatlon was’ subsequently produced by presentlng the .;l o

-_1dent1cal restrlcted 1ntake (34kJ) as a 51ngle dally meal

'NE turnover in heart alone was 38% 1ower than in ad llbitum,

"-:'fed mlce. These fésults suggest that the duratlon of *d"

depglvatlon is: the predomlnant determlnapt 03L¢ympathetic .
suppress1on, agd not the-‘gstrlct1on 1n energy 1ntake, per -

pse.,The 1mbortance of deprlvatlon as a'stlmulus for SNS '



. adll .‘

suppre551on ‘was agaln demoéstrated by the s1m11$rly lower_"

cardlac NE turnover 1n mlce fed a more restrlcted 1ntake

u’

(24kJ) as a 51ng1e dally meal compared to control m1ce fed -

tum or those fed an 1dent1ca1 restrlcted 1ntake aS-p
2 meals (Exp 4) (f,f

The role of 24-48h fastlng in suppre551ng sympathetlc

| of modest food deprlvatlon as -an 1ndependent varlable 1n

relatlon to restrlctlon of energy 1ntake, has not prev1ously

, been 1dent1f1ed An effect of deprlvatlon in determlnlng SNS |

suppressmon has been prev1ously suggested by the observatlon~

\

B of reduced cardlac NE turnover in: mlce restrlcted to 35/_of
thelr ad 11b1tum 1ntake (33),« resumably pi'iented as a _
’51nqle meal but the effect was not attrlbuted at that tlme

' to deprlvatlon, but rather‘to energy restrlctlon A '
relatlonshlp between energy 1ntake and NE turnover 1s
observed 1n restrlcted and ad: 11b1tum fed mice (Exp 244),'

.when the confoundlng effects of relatlve deprlvatlon (Exp

‘l) are removed (Table II 15) However thlS correlatlon

appears to be a consequence of changes 1n body welght
. 4

' because the correlatlon between energy 1ntake and fractlonab'.

NE turnover dlsappears when the effect of body welght 1s '

controlled i:__ lf~.f “'vyiur _v} r- e S ‘H_:;

‘.1k" The functlonal 51gn1floance of reduced NE turnover in.
S response to deprlvatlon 1n the heart alone, 1s not readlly

' apparent Dlet-;nduced changes 1n sympathetxc act1v1ty are.’
-f typlcally assoc1ated w1th w1despread effects in- perlpheral

i

act1v1ty has been well establlshed (3 5)‘ However, an: effectj
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:.i‘NE turnover, and have generally been observed 1n IBAT as_-

t.well ‘as’ 1n heart (4 6 9) Moreover, proposed assoc1atlons

“between dlet and changes 1n energy expendlture medlated by

v’

: the SNS (dlet 1nduced thermbgene51s) observed 1n

X

"experlmental anlmals have been based-heaVLly on the

b'Lthermogenlc functlon ofrIBAT (34) The 11m1tat1ons\

. assoc1ated w1th the method of NE assessment 1n ﬁBAT used 1n

‘1'thlS study have already been —Iscussed In addltlon Lev1n

"f'et al’ (35) suggest that IBAT NE turnover 1s, 1n 1ts§1f an 'f

Sy

RN

1unre11able 1ndex of thermogenlc status as 1ncreases 1n IBAT

o

"turnover can occur without alteratlon 1n the organ s

g thermogenlc act1v1ty,_and are not always accompanled by

’g'tlssue hypertrophy or changes 1n proteln cr 11p1d content
5fIt 1s p0551b1e that the duratlon of deprlvatlon (and/or

’
l'reductlon 1n calorlc 1ntake) 1n the present study was

' 1nsuffrc1ent to suppress IBAT NE turnover. Moreover, fastlng

‘and sucrose overfeedlng in. rats have been known: to produce,

“’k:the heart compared to IBAT (4,6, 9 36) The greater'

’ffsens1t1v1ty of NE turnover ‘in heart to the dletary

ymanlpulatlon 1n thls study and others may be reflectlve of

e

7] the magnltude of the organ s sympathetlc 1nnervatlon,_wh1ch

_‘exceeds that of all other organs studled

A

The lower cardlac NE turnover 1n deprlved mlce may have

no functlonal sxgnlflcance for thermogene51s or may s1mply

T

reflect an adaptlve response to- prolonged deprlvatlon.‘h“ g;vtf

{ Cardlac NE“ receptors have functlonal effects on heart ffﬁﬁf-f:f

s ,respectlvely,ugreater SUppre551ve and stlmulatory effects 1n ::57

Rt B U R L Sl e
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' “f} rate,'myocardlal contractlllty and perlpheral vasodllatlon

. —— e

‘; appears that welght loss was 1ndeed higher 1n those mrce

'f(37) A decrease in cardlac NE turnover may therefore
u» represent a sympathetlcally medlated reductlon 1n blood flow‘-'

to. IBAT. The rate of blood flow to the IBAT is hlghly

4
B T

‘,correlated to the thermogenlc status of the %1ssue (38)

Thus,'although the consequences of decreased cardlac NE
.turnover on blood-flow are beyond the scope of the present.‘-
_study, the . dlet-rnduced changes observed may yet have ‘some

"functlonal 51gn1flcance for IBAT medlated thermogene51s

A. spec1f1c role for dlet 1nduced changes in NE turnover‘
Han medlatlng changes 1n body welght is suggested by thls'

' fstudy NE turnover was hlghest in- the heav1est mlce and v;'

:glowest in those w1th the greatest welght loss (mlce
'restrlcted and rece1v1ng one meal dally) In addltlon,“in'.

‘*restrlcted 1ce rece1v1ng tWO meals per day, both welght
floss.and NE turnover rae% were 1ntermed1ate betweén mice fed
.ad llbltum and the restrlcted mice fed a 51ngle dally meal

'
_However, these are assoc1atlonal observatlons, and the

9

;research was not planned to assess the relatlonshlp betweenl
NE turnover and body welght and fat content. o

It has been suggested that sympathetlc suppre551on
_,accompanylng fastlng could reduce the efflcacy of welght %*?
reductlon w1th modlfled fasts 1n the obese %AlthOugh 1t
w1th lower NE turnover, attrlbutlng these changes to short—‘;,h:"
X

_ term alteratlons in cardiac NE turnover would be hlghly

‘;specuiatlve. Moreover, the relevance of these observatlons
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;o

~.to long term welght control 1s not clear and cautlous

”'extrapolatlon to the human condltlon‘}s warranted._ 2g;€yfy_4-

'.{Nevertheless, the 1nab111ty of restrlctlon w1th mlnlmal

v

"”:deprlvatlon ("meal fed“ restrlcted) to affect cardlac NE

.“'_.‘

:{turnover 1n the experlmental model may have some therapeutlc
‘n.,f'relevance. Cardlac compllcatlons have been observed in human'
,Ii y* subjects refed after a modlfled fast (39) Landsberq andf
eYoung (18 40) suggest that cardlac arrhythmlas may be a;'
»Qconsequence of sympathetlc stlmulatlon durlng refeedlngfr’*f
receded by sympathetlc suppres51on durlng fastlng ‘The
"results of thlS study suggest that 1ncrea51ng meal frequency.
durlng calorlc restrlctlon may be benef1c1al 1n preventlng
'H"sympathetlcally medlated changes 1n cardlovascular tone \
The results of" thls study support the proposal by Young
fand Landsberg that an 1ncrease 1n central NE turnover w1th
'-1fast1ng stlmulates descendlng 1nh1b1tory pathways resultlng ‘ t
'”1n perlpheral 1nh1b1t10n (14) Spec1f1ca11y, braln NE o
"turnover tended to be hlgher 1n all restrlcted mlce than 1n2
“h"ad 11b1tum fed mlce w1th the trend belng greatest 1n the
“_'*deprlved restrlcted mlce.'Furthermore, a 30% (NS? hlgher

fbraln NE- turnover was accompanled by a 51gn1f1ca“t

-;,1suppre551on of cardlac NE turnover in restrlct'

”;one meal only,'compared to ad libltum fed controls. In

'comparlson, when an 1dentlcal restrlcted 1ntake was fed as"

.;'two da11y meals, bra1n NE turnover was hlgher~than in 7

91

'hcontrols bj’less than 1% and cardiac NE turnover‘was ':iivf;ﬂ

’

gunaffected ';;3'_‘ e
. S » E



' The perlpheral 51gnal that coordlnates dJetary 1ntake"

B fand central sympathetlc functlon 1s not ev1dent from the
results of. thls study Dletary factors known to stlmulate or,>
"suppress NE turnover should be accompanled hy 51multaneous,,t

o changes 1n turnover and in the perlpheral 51gnal. Insulln

through 1ts effect on . glucose metabollsm (14), and tyr051ne-
:avallablllty (10) have be%P suggested as alternatlves for
the perlpheral 51gna1 However, the lower ﬁE turnover

‘fproduced by deprlvatlon or hlgh proteln feedlng was

unrelated to changes in serum concentratlons of glucose, FFAl'

or 1nsu11n or 1n tyros1ne/other NAA The 1nab111ty of blood. N

f'glucose levels per se to determlne the sympathetlc response

dlfhas been prev1ously suggested by the observatlon of-

sympathetlc suppre551on 1n splte of hyperglycemla produced

] e

by 2-deoxyglucose, a gluccse analogue that 1mpa1rs B

’1ntracellu1ar glucose metabollsm (32); In addltlon: fructoseg

“produces greater 1ncrements in energy expendlture than

’ glucose, desplte 51gn1flcantly lower plasma 1nsu11n and

. o
-

. glucose and 51m11ar FFA levels (41) These observatlons

-suggest that 1ntracellu1ar glucose metabollsm, 1ndependent

'éf serum 1nsu11n, glucose ‘or FFA concentratlon 1s more

,

;llkely to be the 51gnal that li@ks changes in dlet to those -

‘in’ sympathetlc act1v1ty Nevertheless a decrease 1n serum

'1nsu11n concentratlon has been suggestéﬁ as belng suff1c1ent

to produce sympathetlc suppre551on (14), but in. the presspt |

-dstudy 1nsu11n concentrat;on was not affected by dletary

”manlpulatlon, although cardiac NE turnover was.

1 (I
A -
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In the present study, serum glucose concentratlon was

frmore related to calorlc restrlctlon than to dlet comp051tlon
'or duratlon of deprlvatlon. Restrlctlon of either the hlgh
'carbohydrate d1et or the hlgh fat dlet 51m11ar1y 1owered f'f
 serum glucose regardless of the duratlon of deprlvatlon.'gg '
_Although serum glucose was con51stently eleyated w1th ad
11b1tum consumptlon of a hlgh carbohydrate or a hlgh fat f
f df‘t~(known st1mu11 for sympathetlc actlvatlon), hlgh ;fﬂ fi"
3tprote1n feedlng” Wthh 1s assoc1ated w1th sympathet&c

e
suppress1on, resulted in only a sllghtly 1ower serum glucose

A
\

level than in the other ad 11b1tum fed mlce.bThe
, concentratlon of FFX 1n serum was llkew1se more dependent on
calorlc rqstrlctlon than on dlet comp051tlon or: duratlon of j7
_ deprlvatlon, apd was con51stently hlgher when restrlctedblu
hlntakes were fed than w1th all other dletary treatments
Because duratlon\of deprlvatlon has beenbshown 1n thls é'
study to.be the major cause of 1ow NE turnover w1th dletary

'“energy manlpulatlon,jlt was approprlate to.relate theSe f

' _changes in serum sub trate concentratiqn to. the metabollc
”lconsequences of depr'vatlon. The post-absorptlve perlod 1s

characterlze_ 1n1t1 lly by ‘the stlmulatlon of glycogenoly51sp7

- and: the gradu 1. re ctlon of hepatlc glucose and 1nsu11n

<

: N
1"concentratlons (42 *Thls perlod 1s dependent on’ dlet
.:compps1tlon and g‘nérally beglns several hours (3-4 wfth a -

"hlgh carbohydrat meal) after meal consumption (42) and is

termlnated by e ‘her another meal or early staryation. Earlyffhf;]f

a’vnstarvatlon 1s cvaracterlzed by hepatlc glucose release and




.. those of phenylalan;ﬁe:and tyrosine, are depressed by

. . . . . ) t. o N : - e
R .. - . PR A . S

free fatty acld moblllzatlon from adlpose tlssue, changes

>

i that are controlled by decreases 1n glucose and 1nsu11n

. </concentratlon. An 1ncrease 1n FFA concentratlon results 1n

103

1ncreased fatty ac1d OX1datlon by extrahepatlc tlssues whlch o

decreases glucose utlllzatlon and ox1datlon (43) and spares

: proteln as afsource-for gluconeogene51s (44) Although these

7 two stages of . deprlvatlon represent very dlfferent metab011C'

~ o~

proflles, the tran51tlon from one to the other is’ gradual
nlmals 1n the hlgh carbohydrate "meal fed" restrlcted and
| hlgh carbohydrate and h1gh fat restrlcted (deprlved) groups;
may therefore represent polnts on thls "contlnuum“ of

deprlvatlon Moreover, serum congentratlons of - glucose and

N o
- FFA are ev1dently 1nsen51t1ve 1n dlfferentlatlng any d'“
. L ) . Al C ’
dlfferences in. relatlve deprlvatlon(and effects of dIEf/// e
R A

comp051tlon among these groups of anlmals
Metabollc homeosta51s is malntalned by the complex;”v
'~1nteractlon of hormonal effects w1th metabollc substrates ’
The 1nab111ty of alteratlons 1n dlet’comp051t10n, energy

4 .

restrlctlon or duratlon of deprlvatlon to affect serum

1nsu11n concentratlon is a refléctlon of thlS complex1ty An'

‘ elevatlon in serum glucose is- a known stlmulus for 1nsu11n_’;i"",

A

. release, however, an 1ncrease ‘in serum FFA 1s also 2

-ALQ .

assoc1ated w1th an. 1ncrease In serum 1nsu11n (45) Insulln
concentratlon is also related to the concentr t%on of amlno
ac1ds 1n serum. Serum conoentratlons of tbe branched chaln

amlnovac1ds,faallne,_leucine and 1soleuc1ne, as;well‘as



- : . Lo e nE:

. h]llnsulln, whlch 1ncreases thelr uptake by muscle (46 47)

T However, 1n the absence of changes 1n serum 1nsu11n,‘uW’

attrlbutlng reductlons 1n NAA concentratlon to thlS

' rate but also of hepatlc uptake, fa_tors assoc1ated w1th

'__Thus, dlet comp051tlon, energy 1ntake a.d deprlvatlon may

affect dlfferent aspects of 1nsulin metabollsm w1thout Jf

effect on ‘serum eoncentratlon of the hormone. R

v

An 1ncrease 1n braln tyr051ne avallablllty subsequent to.

an 1nCrease 1n avallablllty of the NE precursor 1n plasma

¢

'~has been proposed to 1ncrease central NE. turnover Wlth

"*consequent perlpheral suppre551on (17) The assoc1atlon of

fan 1ncrease 1n the ratlo of tyr051ne to other-neutral amlno

"racid 1n serum w1th an 1ncrease in. braln tyr051ne (10) has
'prov1ded support for thls mechanlsm. However hlgh proteln ;

‘f_feedlng falled to alter serum tyr051ne concentratlon
n_compared to hlgh carbohydrate or - hlgh fat feedlng (Exp. 5)

: Moreover, serum tyr051ne concentra51ons were 51m11arly lower

1n all restrlcted mice - regardless of dlet comp051tlon or

,,duratlon of deprlvatlon thah in- ad llbltum fed mlce (EXp

Tyros;ne/other NAA ratlo»was markedly lower in high
A

rproteln-fed mlce compared to those fed any of the other f

'fdletary treatments, due to a two-fold 1ncrease 1n the

-iconcentratlon of other NAA (Exp. 5) Thls f1nd1ng does notfhyf

- mechanlsm 1s speculatory Moreover,,plasma 1nsu11n f“f S

."'\

04

Jan .

ﬂconcentratlon 1s ‘a functlon not only of pancreatlc release [f,”‘”



'support a role for an 1ncrease 1n plasma tyr051ne 1n

. med1at1ng the low sympathetlc actlvzty observed w1th feedlng'f

.
a/hlgh proteln d1et A low calorlc 1ntake of elther the

blhlgh fat or .the hlgh carbohydrate d1et prov1ded as a 51ngle
. dally meal d1d not affect tyr051ne/other NAA ratloocompared
- to ad llbltum fed counterparts However, the ratlo was lower
.1n the hlgh carbohydrate “meal fed“ restrlcted group than in
-ad libitum fed controls Because proteln concentratlon 1n.
the hlgh carbohﬂ!tate and h1gh fat dlets are 1dentlcal
T:rthese results suggest a relationshlp between d1et
g.comp051tlonh other than solely proteln concentratlon,vand;
.the tyros1ne/other NAA ratlo 1n serum The flndnngs that
t‘changeS'ln'serum tyr051ne and tyrosxne/other NAA ratloférey.
unrelated to changes 1n NE turnover are supported by the -
1;Prk of others._When dlets contalnlng 209 or 40% proteln (by

,welght) are fed plasma and braln tyr051ne concentratlons

"are unaffected and the tyr051ne/other NAA ratlo 1s markedly J

lower in the 40% proteln fed m)ce in splte of per1phera1
.sympathetlc suppre551on in these mlce ill) |

o In conc1u51on, thlS study demonstrates that duratlon of
‘1Adepr1Vatlon ,rather,than energy Lntakem per se, ‘is the ma]or
‘factor 1n lowerlng cardlac NE- turnover 1n response to aly"'~
_calorlc restrlctlon to 50 64% of ad llbltum 1ntake The low:
'cardlac NE turnover observed w1th deprlvatlon in th1s study

e

~.and with high proteln dlets elsewhere (11), is not

"ass001ated ‘with' changes 1n serum Lnsu"ig glucose, FFA or

tyr051ne or the tyr051ne/other NAA ratlo Ihese results may

e,

e . oL e T . . .
L ™M L Tk
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have 1mp11cat10ns for the dletary management of obesxﬁgksuch

"that an 1ncrease 1n the frequency of ‘meals durlng welght

'reductlon may mlnlmlze “the fall 1n SNS act1v1ty observed

",1w1th§restr1ctlon of food 1ntake, and subsequently reduce thev

;1nc1dence of cardlac compllcatlons observed w1th refeedlng

sand postulated to: be assoc1ated WItJ an 1ncrease 1n cardlac

.('
noradrenerglc function. Co
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: ;Appendlx 1.

.;jhssay’of Noreplnephrine"

.. III. APPENDICES

",5‘§?:~:_?"

'“Prev1ously welghed frozen tlssues were homogenlzed in 1

mL 0.4 M perchloric ac1d(HCLO ), 20 uL 0.2°'M ethylene'A;
diamine tetra acetic: ac1d(EDTA), 10 _uL 1.0 M sodium S
blsulflte(NaHSO ), and 100 uL 7x10 “6. M 3, 4-d1hydroxy-,;f"

Abenzylamlne(DHBA) -as- an 1nternal standard

‘bHomogenates were centrlfuged at 9000rpm for 10 mln.
i {=5= -10° C), and aliquots. of ‘the supernatants were s .

%*

 ‘transferred to 5mL vials containing 35 ‘mg ac1d-washed"

~200"ulL 0.2 M HCLO Ten ulL of
~‘onto theAhighﬁper%o

The alumlna was washed twlce

alumlna and 2mL Tris’ buffer (pH 8 6) ‘—rjf“__

The samples were agltated w1t"a mechanlcal shaker for 15"

_,mln and the supernatants wer removed “by- asplratlon

ith HPLC grade water, and
the NE and DHBA were then eluted from the alumina with -
e eluate was injected
rmance llquld chromatography system
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Append1x 2

l

Assay of Glucosef‘

10 ulL allquots of serum we;e 1njected 1nto a. Beckman glucose
analyzer . »

»



'!Appendlx

; Assay ot Serum Total Free ratty Acidas dv’v'desi°', T

ill 0 3 U acyl coenzyme A synthetase, 1.5 U ascorbate L .

- oxidase, . 0.7 mg coenzyme A, 3 mg. adenosine. trlphosphate

.. and 0.3 mg 4-am1noant1pyr1ne wvere dlssolved in:1 mL 0.05

M phosphate buffer (pH 9), 3 mM magnesium chloride with
- 'surfactant and. stablllzers. This solution was added to 50

'@tuL aliquots of serum and an oleic acid standard mlxed S ,?,
_and placed in a. 37°C 1ncubator bath for 10 min. T
3

S 2. 13:2 U acyl coenzyme A oxldase, 15 U perox1dase and 0 4~,
..mg 3-methyl-N- ethyl-N B—hydroxyethyl-anlllne dissolved in-
-2 mL 0:3% phenoxy gthanol w1th surfactant were then added

to the. samples6 ‘which were subsequently mixed- and agaln
;placed in a 37°¢C 1ncubator bath for 10 mln

t3.-After equ111brat10n-v1th ‘room temperature for 5 mln . the
. optical den51t1es (absorbances) of all samples were read . o
- at 55 nm on-a Perkin Elmer Spectrophotometer (Lambda 3 g .. o
"UV/VIS ) agalnst a reagent blank. A ' :

74'4;,The concentratlons of FFA were determlneﬂ from the
"‘[follow1ng equatlon'*' : :

Asampke standgrd(mm°1/L) sample(mmol/L)
standard , . o

‘ Optlcal dens;ty at 550 nm
_ FFA concentratlon (mmol/L)

o
Il II

-
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”:Appendzx 4

‘cAnalysis of Serum Large Neutral nmlno Aclds

'.A,Preparat10n~of serum samples N » .uf’]“\\.f

““To 20 uL serum. 200 ulL ethanolamrne (the’ 1nternal standard)
and 200 ul. were added. Samples were vortexed and 500 ulL 5%’
,trlcarboxyllc acid were added. Samples were centrifuged at
3000 rpm: for 10 min. and 300 uL saturated potassium borate
‘vand 200 uL water were added to the supernatant. ’

Chromatography Bystem

Samples were mlxed u51ng a modlfled Technlcon autosampler»
and.a Chemlab perlstaltlc pump with a stainless steel m1x1ng
" : tee. Samples were mixed 1:1 with the formaldehyde reagent .

' prior to 1n3ect10n and delay time was 12 sec. -Samples. were -
injected using a Valco autoinjector valve equipped with a 20

';ouL loop. The column uséd was a Supelcosil 3 uM LC-18 reverse,

column and a guard column packed with Supelco LC-18 reverse
.'phase packing. Chromatographic peaks were: recorded using a
Fisher recorder, and integration of the peaks accompllshed

E ~using a Hewlett Packard 3353 ‘data system with a- Hewlett -

. ‘Packard 18652A A/D converter Analy51s tlme per sample was-
- 49 m;ne : . . : -

’ _Preparatlon of Fluorescence Reagent

One g of o-phthaldlaldehyde (OPA) was. dlssolved in 25 mL -
methanol; 224 mL 0104 M sodium bPorate buffer (pH 9.5) were o
~added ‘along with 1.0 mL 27mercaptoethanol,and'20,mL Brljp35.,j[_
'Gradient COndiﬁions

Solvent A was . prepared by addlng 11.5. glac1al acetic- a01d

and . 8.0 g sodiam hydroxide to 1600 deionized water. The pH

- was adjusted to 7.2 with 5 M sodium hydroxide. 180 mL’

" methanol and 10 mL: tetrahydrofuran were added and the volume

adjusted to 2 L with deionized water.,Solvent B was -
- methanol. Flow rate was 1.1 mL/mln ‘ v
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;‘.Analy51s of Serum Insulln-

To, 100 u% allquots of serum and standards, 50 uL jf D fgvaﬁf_r'o
Insulin}23 and 50 uL antibody (rat antiserum) were - = ° o

" ‘added. Sambles ‘were agltated then 1ncubated overnlght at
_,room temperature._w : : _ _

fSamples were agaln 1ncubated at room. temperature for half -
“hour after agﬁ;tlon of ‘2mL decanting. suspen51on (ant1 =rat -
"IgG) and centr;fuged “at 1500 g for 10 min. The "

d'radloact1v1ty of the supernatants was determlned as

fOllOWS

3A The counts (B) for standards and unknowns were

expressed. as a percentage of the mean counts of the
- "o- standard" (B ) o _ -

vv%»aot1v1ty.bounddé B(standard or unkno

B.'ﬁamgie concentratlons of 1nsu11n were determlned from
a standard curve of the % activity bound plotted
agalnst the. standard concentratlons.‘-

[P
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