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ABSTRACL

Resistin acd centrally to increase renal sympathetic nerve activity (RSN is similar to
leptin. In hidh fat fed animals, the sympatiexcitatory effects of leptin are retained, in
contrast tosthegeduced actions of leptin on dietary intake. In the presenivstudyestigated
whether the.sympathexcitatory actions of resistin were influenced by a high fat diet.
Further, sinceresistin and leptin combimadinduce a greatesympathoexcitatory response
than each-alon@ rats fed a normal chow diet, we investigated whether a high fa2@i#)
could influence this centrally mediated interactidhAP, HR and RSNA were recorded
before and for 3 hours after intracerebroventricular saline (contrd),(leptin (7 pg; n=1
resistin (7 pg;.n=pand leptinand esistin combined(n=6). Leptin alone and resistin alone
significantly increased RSNA71+16%, 62#4% respectively)When leptin and resistin were
combined there was a significantly greater increase in RE9B+41%) compared to either
hormone aloneMAP and HRresponsesvere not significantiydifferent between hormones
When the respenses high fat fed rats wereompared to normal chow fed ratsere were

no significant_differences in themaximum RSNA responsesThe findings indicate that
sympathoexcitatory effects of resistin on RSNA aret altered by high fat feeding, including
the greaterincrease in RSNA observed when resistin and leptin are combined. Our results
suggest that diets rich in fat do not induesistance to the increase RSNA induced by

resistinalone or in combination with leptin.

INTRODUCTION

Resistin is a member of the residlike molecule (RELM) hormone family and so named
because of & ability to induce insulin resistancén obese and diabetic humans and rats

resistin levels in plasma arkeeated(1-3). Resistin levels correlate with an increased risk of
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hypertension and major cardiovascular events like stroke and myocardiatiamfgd-7).
Resistin acts in the brain, antRNA for resistinhas been detected severalbrain nucleiof

rodents suggestirthereis alsoendogenouproduction of resistin ithebrain(8, 9).

Resistin actscentrally to increaserenal sympathetic nerve activitRENA) (10). These
effects are"similartcbse observed with another wktiown adipokine, leptiill, 12). Both
leptin and resistin increase RSNA through central mechanisms that involve
phosphatidylinositol 3 kinase (PHK#nase) (10, 13, 14), and thismay explain why the
combined administration of p¢in and resistin elicits greater increases of RSNA than either

alone.

Increased dietary intake of fat leads to increased adipose tissue and incieagating
levels of leptin and resistin{1-3). Cerebrospinafluid levels of leptin in humans correlate
with circulating. levelf leptin and adiposity15). Cerebrospinafluid levels of resistin also
correlate with circulating levels in males but not females anchéssbeennterpreted as an
impairmentiin‘the uptake process of resigtio the central nervous systemobese women
(16). Diets high“in fat lead to a reduction in teensitivty to the anorexigenic actions of
leptin (17, 18) However the sympathexcitatory action of leptin on renal sympathetic nerve
activity is not affectedoy high fat diets. This has led to the viewaddelective resistance to
leptin (1922) and could bea keymechanism contributing to obesity induced hypertension
(23, 24).

Since resistin, like leptin, increases renal sympathetic nerve actsatinvestigated whether
a high fatw=diet could influence the sympatixxitatory effects induced by resistin.
Furthermore;we also explored whether a high fat diet would influence the incrd2S8&lA
induced bysthe combination of resistin and leptin, since the combined effectstinresid
leptin in normal chow fed rats results in significantly greater sympaitottatory action®n
RSNA (25).
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METHODS

Ethical approval

All the experimental protocols were performed in accordance with the Prevent@yneify

to Animals Act 1986 (Australia). The procedures conform to the ‘Guiding Prascifalr
Research Involving Animals and Human Beings’ and the guidelines set out Aydtralian

Code of Practice for the Care and Use of Animals for Scientific Purposes, 20i@@Na
Health and Medical Research Council of Australia) and were approved by the RMIT

University Animal Ethics Committee.

Procedures

General.

Male SpragueDawley rats were obtained from ARC animal resources centre (Canning Vale,
WA, Australia)==Upon arrival rats were acclimatised for one week, before a controlled
feeding period-began. Rats were divided into two groups, where one group wasidrpose
normal chowdiet'(4.8% fa) and the other to a high fat di€@K14004 (22% fa), Speciality
FeedsGlen ForrestyWA). Rats were housed groups of two at 23°C with a 12 h-12 h light—
dark cycleand-allowed free access to rat chow and water. The feeding period last&@ for 8
weeks,andbody weight, food intake, and caloric intake were monitored weekly. In addition,
systolic blood pressure was monitored fortnightly during the feeding period, using-a non
invasive tail cuff occlusion method. At the end of the feeding periogydleentwhole body

fat was determined usirajpn EchoMRI 500(Houston Texas, USA)n a sample of animals of

each dietary.treatment

On the daysof the experiment, anaesthesia was indusid) isoflurane (5% in O,

followed byafemoral artery and vecannulationas previously desébed (25). The femoral
veinwas cannulatedo thatanaesthesiaoud be maintained using urethafie4-1.6 g/kg; i.v

with supplemental doses of 0.05 ml of a 25% solution, if requiféte depth of anesthesia

was maintained to ensure the absence of corneal and pedal reflexes. The femoral artery was

cannulatedo monitor mean arterial pressure (MAP) and heart rate (MB% determined
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from the arterial pressure pulse using LabChart (ADInstruments, NSW, Australia). Rats were
kept on a heating pad for the duration of the experiments to maintain body temperature at

approximately 37.5C. The rats were not fasted prior to the experimental day.

Renal sympathetic nerve activity

After a flank=ingision, the left kidney was exposed retroperitoneaily dissected clear of
surroundingstissueplaced onto thehooked, baredends of teflon-coated bipolar silver
electrodesand insulated from the surrounding tissue by covering them with paraffas olil
previously described (10, 23RSNA was amplified using a lowoise differential amplifier
(models ENG187B and 133, Baker Institute, Victoria, Australia), filtered (band pass 100
1,000 Hz)srectified, and integrated at 0.5 s intervals. The signals was recorded using a
PowerLab.data‘acquisition system (ADInstruments, N8Wétralia) (25). The background
electricalnoise levels were determined post mortama subtracted from the nerve activity
obtained in‘the"anesthetised. rat

Microinjectionsinto the lateral brain ventricle.

Rats were_placed pronejth the head mounted insdereotaxic frame, such that bregma and
lambda were positioned on the same horizontal plane. To expose the dorsal surface of the
brain, a hole (2)mm diameter), centred 0.7 mm caudal to bregma and 1.4 mm lateral to the
mid-line, was drilled ind the skull.Unilateral microinjections (5 pl) were made usinfine

glass micropipette (570um tip diameter) inserted into the lateral brain ventricle (stereotaxic
co-ordinates: 0.7 mm caudal to bregma, 1.4 mm lateral to thelimeicand 3.73.9 mm

vental to thessurface of the dura). The micropipette was left in place for 1 min, after the
microinjection==At the end of the experiment, a small amount of Pontamine Sky Blue was

microinjected using the same-oadinates to confirm microinjection into thededl ventricle.

Experimental protocols

The MAP, HR and RSNA were measured before and for 180 min after admionstoat
saline vehicle (n 5; 5ul), leptin (7 pgin 5ul n = 4, resistin (7 pgn 5ul; n = § and the
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combination of both resistin anéptin (n = 6; leptin was administered 15 min after resistin).
The doses of each hormone were chosetherbasis of previous studié€25-27). At the end

of the experimenttheepididymal fat wasemoved and weighed.

Statistical.analysis

Within highfat diet

The average resting levels of MARJIR and integrated RSNAprior to hormone
administration ,were comparegetween groups using om&y ANOVA. The integrated
RSNA, averaged over-2 minutes, was calculated at 15 minute intervals over the period of
180 min, and/expressed as a percentage of the resting level before the brthizgeetions.
Changes in"MAP, HR and RSNA over time following hormsaline administratiowere
compared between groups by using tmway ANOVA. When an overall significant
difference between groups was detected, comparisons were made between Irgloiuhs
using HolmSidak’s test for multiple comparisoriBhe maximunresponsef each variable

werecalculat@lby averaging the last 30 min of the observation peni@dch rat

Comparisons between high fat and normal chow diets

The changein RSNA, MAP and HR over time following leptin alone, resistin alone and the
combination of leptin and resistin were compared between high fat and normal chew diet
using twoway ANOVA. Data for the normal chow fed rats used for this comparison has been
reported previously25). The calculated maximum responses were compared between the

dietary groups using Student’s unpairgdsdt.

The body. 'weight, average food intake, average caloric intakesyatdlic blood presure
during the*feeding period were compared between dietary groups usikvgaiwvANOVA.
Systolic bleed=pressure was measured via indirect tail cuff plethysmography.oDae t
technical.issue, systolldood pressure was recorded before and for 6 weedisthé start of
feeding. The"percentage of whole body fat and the epididymal fat were compared between
the dietary groups using Student’s unpairéest:

All results are expressed as means = SEM. A value of P<0.05 was considered to be

statistically sigrficant. PRISM software was used (GraphPad San Diego, California, USA).
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RESULTS
Ratsfed a high.fat diet
Effect on RSNA

The intracerebreventricular (ICV) injection kdsistinalone andeptin alone increased RSNA
significantly compared with the saline cont(B<0.0001 figure 1) Resistin alone increased
RSNA, whichfollowed a simila time course to that of leptin and reacheednaximum
of 62+4%. Leptin' alone increased RSN#g a maximum 0f71+16%. When resistin and leptin
were combinedy there was a significantly greater increase in REM&IMum change of
195+41%).thanthat observed following resistiieptinalone P<0.000)(figure 1).

Effect on MAP and HR

There weremno-significant differences in the changes in MAP between the gnmmpthe

duration of observation (figure 2).

There was a significant difference between the groups in the HR responses over time
(P<0.0001)However, by the end of the observation period, neither resistitkeptinalone

or bothin cembination induced a statistically significant change in HR comparealit@ s
(figure 2).

The resting levels of both MAP and HR prioritormone administratiodid not show any

significantidifferences between groups (see figyre 6

Comparison of responsesto leptin and resistin in rats fed high fat vs normal chow diets

RSNA
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There was ano statistically significant difference overall in the RSNA resposlsgted by
resistinover time or in the maximum response in rats fed a high fat diet compared to the
response in rats fed a normal chow dfegure 3). Similarly, the RSNA response to leptin

was not significantly different between rats fed the diffedests (figure 3).

When resistin and" leptin were combined, the increase in RSNA appeared to be slower in
onset in the high fat fed ratnd there wasan overall statistichl significant difference
between group(P<0.005 tweway ANOVA) (figure 3) but canparisons betweeindividual

time points, failed to show a significant difference at any time point. Despite the apparent
slower start, e ' maximum increase in RSNA was not significantly different by the end of the

observation‘period from the response seen in rats fed normal chow (figure 3).

MAP and HR

There was a statistically significant difference detected in the change in MAP induced by
resistin alone over time between rats fed the hagtafd normal chow diets (P<8)(figure

4). The maximum change MAP in the rats fed a high fat diet was significantly less than
that seen”in the normal chow fed rats (P<0.005) (figure 4). Howelere twere no
significant differences in the chargygen MAP over time or in the maximum responsegats

fed thehighfat diet compared to the normal chow didten leptinwas administeredlone or

whenleptin.and,resistin were combinécyure 4).

The HRresponse over timand the maximum change in HR inducedrégistinalone in the

high fat fed ratsvere significanty smaller than that observed in the rats fed a normal chow
diet (figure 5).The HR response over time induced by leptin alone was also significantly
smaller in the high fat fed rat$?<0.05),however, the maximum change in HR was not
significantly different between the rats fed the different diets (figure 5). When leptin and
resistin were combined there were no significant differences in the HR respoesdime,

or in the maximumHR change observed in rats fed the two different digtgure 5).
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BasalMAP and HR prior to hormone administratiam rats fed a high fat diewvere not

significantly differentfrom those observed in rats fed a normal chow igtire 6).

Comparisen=ofssystolic BP and metabolic parameters in rats fed high fat vs normal chow
diets

Systolic bleed-pressure changes during the feeding period

Systolic bloed jpressure in the high fat fed rats rose over time but this wasstaihed and

was notstatistically different from that observed in rats fed the normal chow diet (fiyure

Metabolic Parameters

The percent whole body fatasswas approximately 4@ greater in the rats fdtie high fat
diet compared to the rats fed a normal chow diet (P@f@ure 8) Similarly, epididymal

fat wassignificantly greaterby approximately 50%, in the high fat compared to the normal
chowfed group (P<0.005{figure 8.

Body weight, food and caloric intake

Over time,body weight increaseih both the high fat and normal chow fed groups of, rats
with a small but significantly greater increasenin the high fat fed groug?<0.003 (figure

9). This occurred despite the significantly lower average daily food intake in thdahited
rats (P<0.0001) (figure 9). However, the average daily cailatdke was significantly greater
in rats fedithe high fat diet (P<@O01) (figure 9.

DISCUSSION

The key findings of the present work are that in the high fat fed rats, resistin anddkwien (
and in combination) act in the brain to induce significancreases in RSNA and that

combining resistin and leptin elicited significantly greater effects thaereitormone alone.
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Furthey MAP and HR responsaaduced by resistin, leptin angbth combinedwere not
significantly different fom the control group. Comparintpe responsegnduced bythe
hormones in the high fat fed rats to those observed in the rats fed normal chow showed that
the high fat diet had no effect on theaximum increases RSNA. The results suggest that

with high*fatfeeding, the increase in RSNA induced by resistin is not reduced.

The increase in RSNA induced by centrally administered resistin in the higidfedts was
significantly,greater than in the contigroup andwas similar to that observed in rats fed a
normal chowdiet. Thus, the sensitivity to the sympathgrcitatory effects on RSNA induced
by resistinfwas not affected by high fat feeding. This was sirolaur observations with
leptin. Our findings with leptirare in agreement with studigsthe rodenthat show high fat
feeding does not reduce the sympadixaitatory RSNA responses to lep(itd, 20, 28). h
the rabbithowever, thdRSNAresponseo leptin wagyreater followinghigh fat feeding (23).

Since the ‘effect®f leptin onsympathetic outputbke lumbar and brown adipose tissaee
reduced by high'fat dietas is the effect on dietary intake4, 20),the evidence indicates that
the RSNA response elicited by leptin may be selectively resistant to the actions of high fat
feeding(19, 21,22, 29) Our present findings suggest that the excitatory effects on RSNA
are not influenced by high fatiets and this could be interpreted to mean that resistin’s
actions on'RSNA are alseesistant tadhe desensitising effects of high fat diethe influence

of high fat'diets on responses in lumband brown adipose tissue sympathetic nerve activity
elicited by resistin have not been investigated to dateats fed normal chow resistin
increases ‘lumbar sympathetic nerve activity which also occurs with |€din27). In
contrast,_resistin reduces sympathetic nerve activity to brown adipose, @sglidhence
thermogenesis;:which is opposite to 8§27, 30). This could contribute for the conclusion

that resistinsinduced resistance to leptin’s thermogenic effét}s

In the high fat fed rats, the combined administration of leptin and registiluced a greater
response irRSNA compared to each hormonre. A similar effect was observed in

normal chow fed rat&25). The magnitude of the enhancement was similar by the end of the
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observation period irrespective of the dietary regime. This also suggests that the sensitivity of
the RSNA response elicited by resistin and lejstimot markedly affected by high fdiets

There did-appear to be a slower onset in the RSNA response elicited by the combination of
resistin and leptin in the high fat fed rats compared to normal chow fed ratssubigissts
there may be"some influence of diet on the development of the syrgattadory RSNA
response,ithough not on the magnitude of the response. The influence of the highdat diet,
the development of the RSNA responkBewever, was not observedhen either hormone
was administered aloneThe renal sympathexcitatory effects ofresistin and leptin
involvesphosphatidylinositol-3nases(10, 13. Thus the present findings suggest that this
mechanismis not influenced by high fat feeding. This contrasts to the anorexideciogf
leptin where the evidence suggests thatcellular transduction pathways involvieCs3
PTP1Band PKA mediate the decreased sensitivity leptin receptor activatioseen with
high fat diets (32-34).

It hasbeemargued that changes in receptor densities with different diets could also influence
sensitivity to leptin and resistin. The receptorrsistinhas not been identified, hence, there

are no ‘studies investigatingceptor distribution for resistin Leptin receptors have been
investigated and the receptor density in the brain does not appear to changdymatked

high fat feeding35). However thereceptorprotein levelsvere reduced with high fat feeding
suggesting this could contribute to the decreased sensitivity observed to some of the actions
of leptin (35). Theincreasedirculatinglevels of leptin and resistithat are associated high

fat feeding and increased adiposmguld therefore be less effective if the receptor protein
levels are reduced. However, the present study suggests this does not appeantzittile

RSNA response-elicited byentrally administeed leptin or resistin.

The MAP response® resistin aloa, leptin alone and both combined were not significantly
different compared to control in the high fat fed r&smpared to the responses seethe
rats fed a normal chow djghe maximum changes in MAP induced by leptin alone, or leptin

combined withresistin were not significantly differerib those in the high fat fed rats.

This article is protected by copyright. All rights reserved



Interestingly, the maximum change in MAP elicited by resistin alone was lovige ihigh

fat fed group compared to the normal chow fed group.

Previoussstudies with leptin indh fat fed rodents have shown that the acute effect of leptin
on MAP was not influenced by the dig&0). In rabbits fed a high fat diethowever,acute

ICV administration”of leptin resulted in an increased MAP and this response was similar to
that seengin rabbits fed a normal dig8, 36) In longer termstudies the MAP response

induced by a chronic infusion of leptin was matreasedy a high fat diet in rodents (20).

To date there are no reports of the effects of chronic longterm infusion of resistiooon bl
pressure. Thus, it remains to be determined whether chronic infusion ohrearsticrease

blood pressures:and whether the response can be influenced by a high fat diet.

In the high*fatfed rathe HR responses to each hormone alone or in combination were not
significantly different compared to contrdlhe @mparisons of the maximuohanges in HR

seen in the rats fed mormal chow or a high fat diethowed there were no significant
differences*fellowing leptin alone or in combination with resisiowever, the maximum
change in"HR with resistin alone was lower in the high fat fedpges was seen with MAP.

The physiological relevance of tlfferencesin the HR and MAP responses between the
diets following resistin alone ardalifficult to interpret We suspect the differences are
probably asstatistical anomalnce the changein MAP and HRelicited by resistin alone

within the high fat diet group was nsignificantly different from the saline control

In the present studyystolic BP over the duration othe dietary feedingegimewas not
significantly elevated by the high fat diet compared to normal chow feengs similar to
previous studies usingistar rats fed a high fat diet for -BD weekswhich did not show an
elevation in blood pressu@7). SpragueDawley rats may segregate into obese prone and
obese resistant ratsut only those prone to obesity are reported to have increased blood
pressurdollowing 8-10 weeks of a high fat di¢88) or13 weeks of high fat diet(39). In

the present study we used Sprague Dawley rats fed for up to 10 arekkee suspect the

difference may be thate did not see any evidence of segregatife did see a small but
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significantly greater increase in body weight ovaretiin the fgh fat fed ratghough this was
smaller than that observéwl the obese prone rapseviously reported38, 39) By cortrast

we have observed thatong-Evansrats fed a western diet (60% fat)dha small but
significant increase iblood pressure compared to normal chow fed (#Q23. In mice it has
been found-that when they are fed a high fat diet for 10 weekdb#dwyme obeswith an
elevatedblood pressureavhen measured directly using radiotelemetric prok2g). In the
present study we measdrélood pressure via tail cuff plethysmography which will not
detectsmall differences accuratelyn rabbits, high fat feeding for only 4 weeks appears
sufficient to.induce hypertensid@3). Thus, elevations in blood pressure in rodents fed high
fat diets seems4o be vable and may depend @arious factors includinthe strainamount

of fat in the /dietand the duration of feedingwhereas rabbits appe&s be paitularly

susceptibleto 6besHynduced hypertension.

There was,a small increase in body weight over time with the HFD. This was due to the
increased intake of calories by rats on the high fat diet, even though the rats reduced their
average dailyintake of the high fat diet. We did not observe any segregafiogats into
obesesensitive™or obeseesistantgroupingsin this study, although this has been reported
(39). Nonetheless, there was a clear redistribution of body fat in rats fed the hight fatat

that there was d0% increase in percent body fat and a langerease in the amount of
epididymal fat present. Thus, although we did not obserwert obesity in the high fat fed

rats, a clear redistribution bbdyfat was seen.

Per spective Views

In high fat fed rats ICV administration of resistin or lepdilone increased RSNA. The
combinationof both hormones resulted ingaeaterincrease in RSNA compared to each
hormone alone., The responses were similar in magnitude to those observed in rats fed a
normal ehow diet, suggesting that feeding a high fatdi#ficient to markedly alter visceral

fat distribution but elicit only a small but statistically significanincrease in body weight

does not diminish thgreaterincrease in RSNAThus, we find no evidence of a reduced
sensitivity of the RSNA responséicited by centrally administered resistin.
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Furthermore,our studysuggests thain conditions in whichboth resistin and leptirare
elevated such as in obesity and diabeté®re may be greater sympatxcitatory actions
on RSNA compared to that elicited by each hormone al®hes may contribute to the long
term cardiovascular complications associated witbhse conditions, however, thisquires

further investigation.

L egends

Figure 1. Percent change in renal sympathetic nerve activity (RSNA) from baseline levelsnower ti
in rats fed ahigh fat diet after intracerebroventricular injection of leptin (n=4) (7ug/5ul), resistin (n=5)

(7ug/5ul), control (saline, n=5) (5ul) and the combination of leptin and resistin (n=6).

(*P<0.0002"leptin alone, resistin alone and the combination of both hormomgmied to saline;

#P<0.0001combination of leptin and resistin compared to leptin alone or resistin alone)

Figure 2.Change in mean arterial pressure (MAP) and heart rate (HR) over time in rats fedat high f
diet induceduby. the intracerebroventricular administration of leptin (n=4) (7pg/5ul), resistin (n=5)

(7pg/5u), control (saline, n=5) (5ul) and the combination of leptin and resistin (n=6)

Figure 3.Renal sympathetic nerve activity (RSNA) responses between rats fed a nhormal chow (ND)
and a high(fat diet, elicited by intracerebroventricularly administered re@istt ND, n=5 HFD) (7

ug/5 ul), leptin (n=5 ND, n=4 HFD) (7ug/5ul), the combination of leptin and resistin (n=6 ND and
HFD) and saline (N5 ND, n=5 HFD) (5ul). Left panels show changes in RSNA over time; Right

panels show the average maximum change in R8RA.0.005 compared to ND.

Figure 4. Comparison of the mean arterial pressure (MAP) responses between rats fed a normal chow
(ND) and a high fat diet, elicited by intracerebroventricularly administeresdtire¢n=4 ND, n=5

HFD) (7 ng/5 ul), Teptin (n=5 ND, n=4 HFD) (7pg/5ul), the combination of leptin and resis{in=6

ND and HFD and saline (n=5 ND, n=5 HFD) (5ul). Left panels show changes in MAP over time;

Right panels show the average maximum change in MRR.0.005 compared to ND.
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Figure 5. Comparison of the heart rate (HR) responses between rats fed a normal chow (ND) and a
high fat diet, elicited by intracerebroventricularly administeregistin (n=4 ND, n=5 HFD) (4g/5

ul), leptin (n=5 ND, n=4 HFD) (7ug/5ul), the combination of leptin and resistin (n=6 ND and HFD)

and saline'(n=5 ND, n=5 HFD) (5ul).. Left panels show changes in HR over time; Right panels show
the average maximum change in HR.< 0.05compared to ND; B< 0.0001compared ND.

Figure 6. Basal levels ofntegrate renal sympathetic nerve activity (RSNA), mean arterial pressure
(MAP) andheart rate (HR)n rats fed normal chow diet (ND; open bar) (n=15) and high fat diet
(HFD; black_bar), (n=15) before intracerebroventricular administration of ire¢sug/5 pl), leptin

(7pg/5ul) and the combination of both hormones.

Figure 7. Systolic blood pressure over time in rats fed a normal choN@¢t(n=11) and high fat
diet (HFD) (h=1d»).

Figure 8."Upper panel: Effect of high fat diet (HFD (n=13) on the whotly fat mass compared to
rats fed a normal chow diet (ND) (n2)1 *P < 0.05 Lower panel: Effect of high fat diet (HFD
(n=16) onthe epididymal fat mass compared to rats fed a normal chow diet (RD5).(#P< 0.005

between groups.

Figure 9. Effect'of high fat diet (HFD; n=1B) on the body weight, food intake per day amdrage
calorie intake per day over time compared to rats fed a normal chow diet (ND) (nBE3D.G05,
*P< 0.0001 between groups.
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