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CHAPTERR IV 
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Abstract t 

Thee hypothalamic biological clock, located in the suprachiasmatic nucleus (SCN), 
entrainss the body to the light/dark-cycle and enables an organism to anticipate the re-
currentt daily changes in activity and energy requirement. Previously we showed that 
plasmaa glucose, an important energy source, has a clear daily rhythm controlled by 
thee SCN. Glucose has to compete for uptake and oxidation in cells with free fatty acids 
(FFA),, another major energy source. It has been argued that the rise in plasma glucose 
levelss at the end of the sleep period is due to the increasing availability of FFA during 
thee inactivity period. In order to test this hypothesis, 24-hour profiles of plasma FFA 
andd glucose were determined in freely moving rats with jugular vein catheters, fed ad 

libitumlibitum or fasted, and with or without a biological clock. We found a daily FFA rhythm 
inn fasted but not ad libitum fed rats. Mean FFA levels in fasted rats and SCN-lesioned 
ratss were increased as compared to fed rats. Animals with SCN lesions did not show 
aa daily FFA rhythm and did not respond to fasting by a further increase of plasma 
FFA.. The latter suggests that removing the SCN results in the removal of an inhibi-
toryy input to adipose tissue, thereby increasing the basal rate of lipolysis. Mobilization 
off  both glucose and FFA is stimulated by increased sympathetic activity. However, 
increasingg sympathetic activity by stimulating pre-autonomic PVN neurons did not 
increasee circulating FFA levels, although it did cause hyperglycemia. Therefore, our 
resultss suggest that the SCN uses different hypothalamic target areas to control the 
dailyy lipid and glucose rhythms. Furthermore, these results do not provide evidence 
forr a role of daily lipid metabolism in the control of the daily glucose rhythm. 

Introduction n 

Ass the earth rotates around it axis, we are exposed to very constant cycles of light 

andd dark. The mammalian biological clock, located in the suprachiasmatic nucleus 

(SCN)) on top of the optic chiasm, is synchronized by this light-dark signal from the 

eyess through the retino-hypothalamic tract and entrains the rest of the body to the 
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environmentall  light/dark-cycle via hormonal and neuronal pathways. The biological 

clockk enables an organism to anticipate the recurrent daily changes in activity and 

consequentt changes in energy requirement, thereby preventing unnecessary distur-

bancess of homeostasis. Plasma glucose, a very important energy source for the body, 

particularlyy the brain, shows a clear daily rhythm with peak levels just before the 

onsett of the activity period in both humans and rodents201204. Although it is clear that 

thiss rhythm is endogenous, entrained by the SCN and independent of feeding, the ex-

actt SCN control mechanism has not been elucidated so far. Besides glucose, free fatty 

acidss (FFAs) that are taken up by the gut, released from adipose tissue or synthesized 

byy the liver, serve as a major source of energy. A close interaction between glucose and 

lipi dd metabolism exists on several levels. First, glucose and FFAs compete for oxida-

tion,, an effect known as the glucose fatty acid cycle127168. High availability of FFAs in 

plasmaa prevents glucose from being taken up in cells and used as a fuel323 325. Second, 

hepaticc glucose production (HGP) also seems to be affected by FFAs. High levels of 

circulatingg or hepatic FFAs suppress insulin-inhibited hepatic glucose production, i.e. 

theyy lead to an increase of HGP in rats and healthy humans176'326,327. However, although 

FFAA concentrations in the brain are proportional to their plasma levels328329, central 

FFAA infusions have an opposite effect, i.e. they decrease HGP172. Third, Zimmet et al. 

havee associated the daily variation in glucose tolerance in humans with differences 

inn FFA concentrations206. Fourth, FFAs also affect glucose metabolism indirectly, by 

acutelyy stimulating insulin secretion both in vitro and in vivo330"333. However, a pro-

longedd elevation of plasma FFAs desensitizes the insulin secretory response to glu-

cose128'334'335. . 

Previouss studies have shown daily rhythms in plasma free fatty acid concentra-

tions,, but with conflicting results. In the rat, peak levels have been reported at the 

onsett of the dark period216, but also in the middle of the light period233-336. In humans, 

peakk FFA levels have been measured during the sleep period226, which is in agreement 

withh the rat data from Dallman and colleagues233. Furthermore, diurnal rhythms have 

beenn described in the expression of several lipogenic enzymes in the rat liver337338 and 

fattyy acid synthesis in the mouse liver and adipose tissue339340. It has been shown that 

PPARaa expression, a transcription factor that regulates the expression of enzymes 

involvedd in lipid metabolism, follows a diurnal rhythm341. Finally, lesions of the SCN 

leadd to an abolished diurnal rhythm in plasma FFA concentrations216 and impairment 

off  the lipolytic response during hypoglycemia342. 

Thus,, on the one hand, there is a strong interaction between glucose and lipid me-

tabolism,, and on the other, the biological clock is involved in the control of daily 

rhythmss in glucose as well as lipid metabolism. Therefore, an SCN-controlled in-

creasedd lipolysis at the end of the activity period might explain the previously ob-

servedd daily rhythm in plasma glucose concentrations. To test this hypothesis, we 
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determinedd 24-hour plasma FFA profiles in fed and fasted, intact and SCN-lesioned 
(SCNx)) rats. 

Ann increased activity of the sympathetic input to adipose tissue stimulates lipoly-

s j ss 103,343-346 Recent j y we showed that activation of paraventricular nucleus (PVN) 
neuronss stimulates glucose output, an effect that could be prevented by removing 
thee sympathetic innervation of the liver198. Additional experiments indicated that the 
SCNN sends an inhibitory signal to the PVN to prevent glucose mobilization, at least 
att certain moments of the light/dark-cycle. This led us to hypothesize that a similar 
mechanismm might be operative to control the mobilization of lipid stores. In order 
too test the hypothesis that a GABA-ergic output from the SCN to the PVN inhibits 
lipolysis,, we infused the GABA antagonist bicuculline in the PVN and measured the 
resultingg plasma glucose and FFA levels. 

Materialss and Methods 

Animals Animals 

Malee Wistar rats (Harlan, Zeist NL) were housed in individual cages (25x25x35cm) at 
aa room temperature of 20°C and a light/dark regimen of 12h:12h (lights on at 07:00 
am).. The animals were allowed to acclimatize one week before surgical procedures 
weree started. Water and chow were available ad libitum, unless stated otherwise. One 
dayy before sampling, the rats were connected to external catheters fixed to a metal col-
larr that was kept out of their reach by means of a counterbalanced beam. In this way, 
thee rats were able to move freely during the experiments and blood samples could be 
takenn without handling the animals. All experiments were approved by the Animal 
Caree Committee of the Royal Netherlands Academy of Arts and Sciences. 

Surgery Surgery 

Duringg all surgical procedures, animals were anesthetized with Hypnorm* (Duphar, 

Thee Netherlands; 0.6 ml/kg, i.m.) and Dormicum" (Roche, The Netherlands; 0.4 ml/ 

kgg s.c). Postoperative care was provided by a subcutaneous injection of the analgesic 

Temgesic""  (Reckitt & Colman, UK; 0.3 ml/kg) after the animals had woken up from 

anesthesia. . 

Forr blood sampling, a silicon catheter was placed in the right jugular vein, accord-

ingg to the method of StefTens229. Bilateral thermic lesions of the SCN (experiment 2, 

SCNx)) were made as described previously231. Coordinates for the SCN were 1.4 mm 

rostrall  to bregma, 1.1 mm lateral to the midline, 8.3 mm below the brain surface. 

Thee tooth bar was set at +5.0 mm. After 2 weeks of recovery, the effectiveness of the 

lesionss was checked by measuring water intake during 3 consecutive weeks. SCN-le-

sionss were presumed successful when an animal drank more than 30% of its daily 
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waterr intake during the middle 8 hours of the light period (when intact animals drink 

0-5%).. Subsequently, jugular vein catheters were implanted, but only in animals with 

presumedd successful lesions. Experiments were started when the rats had regained 

theirr preoperative weight. 

Forr infusion of the GABA antagonist bicuculline (BIC) into the PVN area by means 

off  reverse microdialysis (experiment 3), bilateral microdialysis probes were implant-

edd as described previously198347. Coordinates for the PVN with flat skull were 2.1 mm 

caudall  to bregma, 2.0 mm lateral to the midline, 8.1 mm below the brain surface and 

100 ° angled from the sagittal plane. Implantation of jugular vein catheter and dialysis 

probess was performed during the same surgical procedure. After surgery, the rats 

weree allowed to recover at least one week before the experiments started. 

ExperimentExperiment 1 

AA 24-hour profile of plasma lipid concentrations was established by taking blood 
sampless (0.3ml) every other hour from rats that were either ad libitum fed or fasted. 
Thee 24-hour curve was divided into two 12-hour sessions; samples were taken from 
onee group of animals during the light period (ZT2 to ZT14, LIGHT) and another 
groupp of animals was used to take samples during the dark period (ZT14 to ZT2, 
DARK).. Both groups were fed ad libitum during one session and fasted during the 
secondd session, with at least one week in between to allow recovery. Food was re-
movedd at the onset of the dark period. From the fasted LIGHT group, samples were 
taken,, starting at ZT2.5 in the following light period (15 hour fast at the onset and 27 
hourr fast at the end of the experiment). In the fasted DARK group, sampling started 
att ZT14.5 in the dark phase thereafter (27 hour fast at the onset of the experiment). 
Byy the end of this experiment, these animals were fasted for 41 hours. Each of the 
sessionss consisted of 6 consecutive blood samples. Previous experiments have shown 
thatt this frequency of sampling does not decrease the hematocrite level or alter the 
corticosteronee rhythm201. 

ExperimentExperiment 2 

Bilaterall  thermic lesions of the suprachiasmatic nucleus (SCN) were made in 30 rats 

too obtain a sufficient number of successful lesions. Judged from their drinking be-

havior,, a total of 12 animals were considered completely arrhythmic. These rats were 

fittedd with silicon jugular vein catheters and connected to metal collars and sampling 

catheterss as described above. Hourly blood samples (0.2 ml) were taken in two 12-

hourr sessions, with one week in between to allow recovery. Sessions started either at 

ZT5.55 or at ZT16.5. The animals were fed ad libitum. 

Thee same animals were used in a similar experiment again, one week later, only this 

timee the animals were fasted. Food was removed at the beginning of the dark period 
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(ZT11.5)) and hourly blood samples (0.2ml) were taken, starting in the middle of that 

samee dark period (ZT18.5), until the middle of the next light period (ZT4.5). The 

24-hourr curve was completed one week later. Food was removed again at ZT11.5; 

samplingg started at ZT5.5 in the light period thereafter and lasted until ZT17.5 in the 

followingg dark period. In both parts of this experiment, animals were refed after the 

finalfinal sample. 

Afterr the experiments, the completeness of the SCN lesions was checked histologi-

cally.. The animals were decapitated and brains were fixed by immersion in a 4% para-

formaldehydee solution. Vibratome sections (50 ul) of the hypothalamus were stained 

forr vasoactive intestinal peptide (VIP) and vasopressin (VP). If cell bodies around the 

lesionn area were stained positive for either VIP or VP, the lesion was considered to be 

incompletee and data were excluded from analysis. 

ExperimentExperiment 3 

Malee rats (n=6) were equipped with jugular vein catheters and bilateral microdialysis 
probess as described above. Experiments started ~7 days after the combined surgery. 
Foodd was removed at ZT2 on the day of the experiments. PVN probes were perfused 
withh Ringer at a rate of 3 (il/minute starting at ZT2. Ringer + BIC (lOOuM) was in-
fusedd during 2 hours, from ZT4 (t=0) to ZT6 (t=120), and Ringer again from ZT6 to 
ZT7.. Blood samples were taken at t=0, 5, 30, 60, 120 and 180 min. Control experi-
mentss were performed in the same animals, one week later, without perfusion of the 
microdialysiss probes, but only taking blood samples at the destined time points. 

AnalyticalAnalytical methods 

Bloodd samples were collected in tubes, chilled immediately at 0°C and centrifuged 

att 4°C. Collection tubes were coated with Paraoxon-ethyl (diethyl-p-nitrophenyl-

phosphatee dissolved in diethyl-ether, resulting in 0.06 ul/tube, Sigma Aldrich, The 

Netherlands).. Plasma aliquots were stored at -20°C until analysis. Plasma NEFA con-

centrationss were determined using the ACS-ACOD method (NEFA C kit, WAKO 

Chemicalss GmbH, Neuss, Germany). Leptin and corticosterone concentrations were 

measuredd in duplicate using radioimmunoassay kits (Linco Research Inc., St.Charles, 

MO,, USA and ICN Biomedicals, Costa Mesa, CA, USA, respectively). For corticos-

terone,, 10 ul plasma aliquots were diluted in 4 ml assay buffer. All samples from one 

animall  (experiment 1 and 2) or one experiment (experiment 3) were included in one 

assay.. The intra- and inter-assay coefficients measured at 50% binding of the stand-

ardd curve was less than 10% for both hormones. Plasma glucose concentrations were 

determinedd in triplicate using the GOD-PAP method (Roche Diagnostics GmbH, 

Mannheim,, Germany). 
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StatisticalStatistical analysis 

Plasmaa concentrations of FFA, glucose and corticosterone in experiments 1 and 2 are 

expressedd as mean  SEM (Figure 1). Statistical analysis was conducted using a re-

peated-measuress analysis of variance (ANOVA) to test for effects of Time, Treatment 

andd Interaction. Treatment consisted of two levels, either Day vs. Night, Fed vs. Fasted 

orr SCN-lesion vs. Intact. Because not every animal completed the whole experiment, 

alll  groups (i.e. day-fed, day-ad lib, night-fed and night-ad lib) were considered in-

dependent,, and treated as "between-animal" result. Cosine analysis of the 24-hour 

FFA,, glucose and corticosterone profiles was performed on data of SCNx animals by 

thee use of the software package TableCurve (Jandel Scientific, Erkrath, Germany). 

Animalss were considered rhythmic, and thus unsuccessfully lesioned, when r2>0.30. 

Thesee animals were excluded from further analysis. The 24-hour data of the intact 

animalss could not be fitted to cosine functions, because the samples taken during the 

lightt period were from a different group of rats than the samples taken during the 

darkk period. 

FFA,, glucose, leptin and corticosterone responses to the BIC infusion in the PVN 

weree evaluated by calculating their increments as compared to the t = 0 value. P < 0.05 

wass considered significantly different. 

Tablee I A and B: Statistical analysis of experiment 1 and 2 

Intactt SCNx 

Day y 

Night t 

Adli b b 

Fasted d 

adlibb vs. fasted 

adlibb vs. fasted 

dayy vs. night 

dayy vs. night 

PP = 0.006 

PP < 0.001 

PP = 0.377 

PP - 0.027 

( 5 x 5) ) 

( 8 x 6) ) 

( 5 x 8) ) 

( 5 x 6) ) 

PP = 0.083 

PP = 0.983 

PP = 0.159 

PP = 0.608 

(6x3) ) 

( 6x6) ) 

( 6x6) ) 

( 3 x 6) ) 

Tablee I A. P-values are indicated according to ANOVA for the effects of Treatment (being either 
Dayy vs Night or Adlib vs. Fasted) in intact and SCNx animals. Between brackets is the number of 
animalss in each experimental group, tested against each other. 

AdAd libitum Fasted 

Dayy SCNx vs. intact P <0.001 P = 0.167 

Nightt SCNx vs. intact P <0.001 P = 0.899 

Tablee I B. P-values are indicated according to ANOVA for the effects of'SCN-lesion' in ad libitum 
andd fasted animals. 
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Results s 

ExperimentExperiment 1 (24-hour FFA profile) 

Inn the LIGHT and DARK group, 1 and 2 animals, respectively, had a clotted jugular 
veinn catheter and could not give a sufficient amount of samples. During the light pe-
riodd (LIGHT), samples were obtained from 5 rats that were fed ad libitum the first 
week,, and fasted the second week. In the dark period (DARK), 8 ad libitum fed rats 
andd 6 fasted rats provided a complete curve. 

AdAd libitum fed rats did not show a clear daily plasma FFA rhythm (Fig 1A). FFA 
concentrationss during the light period in ad libitum fed rats did not differ from those 
duringg the dark period (P = 0.341, Table 1). Compared to ad libitum fed rats, fasting 
inducedd a significant increase in FFA concentrations, that was most pronounced dur-
ingg the dark period. The FFA concentrations in fasted rats were higher during the dark 
periodd as compared to the light period (P = 0.027). Plasma glucose and corticosterone 
concentrationss showed daily rhythms during both ad libitum and fasting conditions 
andd were affected by fasting as published previously201,231. The 24-hour means of the 
currentt and previous experiments are shown in Table 2. 

ExperimentExperiment 2 (SCN lesions) 
Alll  animals selected to be arrhythmic by testing their drinking behavior proved to 
havee no VIP or VP staining in the SCN area. Cosine analysis showed that the animals 
didd not have rhythmic FFA curves (r2 = 0.17  0.13). Complete 24-hour curves could 

88 12 16 20 

Zeitgeberr time (h) 
16 6 20 0 244 28 32 36 40 

Zeitgeberr time (h) 

Fig.. 1 Plasma free fatty acid concentrations (mmol/1) in intact (A) and SCNx (B) rats fed ad 
libitumlibitum ) or fasted (o). Values are means  SEM. Black bars indicate the dark period. For 
fastedd rats, food was removed at the onset of the dark period prior to the start of sampling. 
Notee the difference in effect of fasting between intact and SCNx rats after similar duration of 
fastingg (indicated by arrow). 

73 3 



CHAPTERR IV 

Tablee II. Comparison of 24-hour means of current (experiment 1 and 2) and previously 
publishedd data. 

Glucose e 

Corticosterone e 

AdAd libitum 

Fasted d 

AdAd libitum 

Fasted d 

Intact t 

Current t 

6.433 + 0.15 

5.066 6 

71.55 9 

86.88 4 

Previous s 

6.322 1 

5.022 2 

37.00  5.2 

72.44  8.2 

SCNx x 

Current t 

6.122 8 

5.277  0.09 

77.55 1 

108.55  15.0 

Previous s 

7.088  0.06 

5.522  0.08 

53.99  6.4 

71.22 6 

24-hourr means  SEM of current and previously published glucose and corticosterone data m 

bee obtained from 6 ad libitum fed SCNx rats. When fasted, a complete 24-hour curve 
wass obtained from only 3 rats. Three more rats only gave a 12-hour curve; during the 
secondd part of this experiment their jugular vein catheters became clotted. FFA con-
centrationss did not show a day-night difference either in ad libitum fed or fasted rats 
(Figg IB and Table 1A). Furthermore, fasting did not increase FFA concentrations in 
SCNxx rats compared to ad libitum fed SCNx rats in either the light or the dark period 
(PP = 0.083 and P = 0.983, respectively). FFA concentrations in ad libitum fed SCNx 
ratss were significantly increased compared to intact ad libitum fed rats, both in the 
lightt and dark period (both P < 0.001). During both the light and dark period, FFA 
levelss in SCNx rats were comparable to intact fasted rats (P = 0.167 and P = 0.899, 
respectively). . 

ExperimentExperiment 3 (PVN stimulation) 

Tablee 3 shows basal absolute levels at t = 0 for the plasma concentrations of FFA, glu-

cose,, leptin and corticosterone. Plasma FFA concentrations were significantly lower 

att the start of the control experiment as compared to the start of the BIC-experiment. 

Al ll  measured substances showed a significant effect of Time during the BIC infusion, 

butt not during the control experiment (Fig. 4). FFA concentrations showed no Treat-

mentment or Interaction effect. Plasma glucose responded to the BIC infusion with signifi-

cantt effects of Treatment and Interaction, as published previously198. Leptin showed no 

significantt effect of Treatment, but the Interaction effect was very significant. This was 

mainlyy due to an increase during the end of BIC infusion. Corticosterone concentra-

tionss increased significantly in response to BIC, resulting in a significant Treatment 

effect.. See Table 4 for statistical details. 
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Tablee III . Basal plasma concentrations of experiment 3. 

FFAA (mmol/1) Glucose (mmol/1) Leptin (ng/ml) Corticosterone (ng/ml) 

BIC C 

Control l 

0.377  0.05* 

0.222  0.01 

5.344 2 

5.755  0.42 

1.700  0.25 

1.577  0.30 

899 5 

511  18 

Basall  plasma concentrations (mean  SEM) at t=0 before infusion of bicuculline (BIC) or before 
thee control experiment (N = 6). Data are tested using a paired two-tailed t-test. * BIC vs. Control 
pp < 0.05. 

-0. 1 1 

SS -0- 2 

-0. 3 3 

3rr  B . 

300 6 0 9 0 12 0 15 0 18 0 

C5 5 
< < 

600 9 0 12 0 15 0 18 0 

0. 66 r  C . 

0. 4 4 

0. 2 2 

300 6 0 9 0 12 0 

Timee (min ) 

6000  r  D. 

400 0 

Ü Ü 
< < 

600 9 0 12 0 

Timee (min ) 

Fig.. 2 Plasma increments of free fatty acids (mmol/1), glucose (mmol/1), leptin (ng/ml) 
andd corticosterone (ng/ml) during Bicuculline infusion ) or control (o). Values are means 

 SEM and calculated as the difference from the t = 0 value (indicated by the dotted line). 
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Tablee IV. Statistical analysis of experiment 3. 

FFAA Glucose Leptin Corticosterone 

Timee 0.041 <0.001 0.529 <0.001 

Treatmentt 0.133 <0.0Ol 0.359 0.045 

T x ll  0.357 0.005 <0.001 0.189 

Timee (BIC) 0.018 <0.001 0.002 <0.001 

Timee (control) 0.653 0.557 0.117 0.112 

Statisticall  analysis of the response to bicuculline infusion in experiment 3 (N = 6). P-values are in-
dicatedd according to a repeated measures ANOVA testing for effects of Treatment, Time and Inter-
actionaction (Tx l ) . Furthermore, the effect of Time was tested separately for the BIC and control day. 

Discussion n 

Thee present data provide further evidence that the SCN modulates lipid metabolism. 

First,, a day/night difference in plasma FFA concentrations was observed when the 

animalss were fasted and, second, SCN lesions induced a clear increase of circulating 

plasmaa FFA levels. The elevated basal plasma FFA concentrations in SCNx animals 

andd the lost capacity to further increase FFA levels in response to fasting compared to 

intactt rats suggest that the SCN inhibits lipolysis during the light period. In the cur-

rentt experiments, we did not find a daily rhythm in plasma FFA concentrations in ad 

libitumlibitum fed rats, in spite of the fact that plasma glucose and corticosterone concentra-

tionss showed daily rhythms similar to those published previously201,231. Moreover, the 

24-hourr FFA profile does not seem to parallel the glucose pattern, and these results 

thuss do not support the hypothesis that the SCN modulates the daily plasma glucose 

rhythmm via lipid metabolism. Contrary to plasma glucose levels, plasma FFA (and 

leptin)) levels were not affected by removal of the inhibitory GABA-ergic input to the 

PVN,, indicating a differential control of the sympathetic input to adipose tissue and 

thee liver by the PVN. 

Althoughh previous studies have reported clear daily rhythms in plasma FFA con-

centrationss in the ad libitum fed rat
216-233'336, we were unable to repeat these findings 

inn the current experiments. Glucose and corticosterone concentrations, however, did 

showw daily rhythms like we have reported before201,286. Possibly, methodological dif-

ferences,, i.e. route of sampling and the age of the rats in particular, have affected our 

results.. On the other hand, fasted rats did show a significant difference between day 

andd night FFA concentrations (P=0.027, Table 1). Furthermore, the fasted animals 

showedd increased FFA concentrations, a well-known effect caused by an increased 

sympatheticc drive towards adipose tissue, resulting in increased lipolysis233,348,349. The 
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differencee between the FFA levels during the light and dark period indicates that rats 

respondd more vigorously to energy restriction during their activity period. It may 

enablee them to still be active during the dark period, but to save energy during the 

lightt period by decreasing their energy expenditure. The increased amplitude of the 

dailyy FFA rhythm is in agreement with previous data from fasted rats, showing a simi-

larr change in amplitude through a lower body temperature32,244 and plasma glucagon 

level2866 during the light period, but levels comparable to ad libitum fed rats at the onset 

off  the dark period. 

Comparedd to intact animals, SCNx rats fed ad libitum showed increased FFA concen-
trations,, without a clear daily variation. Average 24-hour concentrations of the SCNx 
animalss were similar to average night time concentrations in intact fasted rats. The 
higherr rate of lipolysis in SCNx animals suggests that ablation of the SCN removes 
ann inhibitory input to the adipose tissue. When SCNx rats were fasted, no further 
increasee of plasma FFAs was measured. A similar finding was reported by Yamamoto 
andd co-workers, who showed that in rats with SCN lesions, plasma FFA concentra-
tionss or food intake in response to hypoglycemia induced by 2-deoxyglucose (2DG)342 

doess not increase. In addition, SCN lesions also increase 24-h plasma leptin concen-
trations,, a hormone derived from adipose tissue31. 

AA large part of the inhibitory SCN output consists of GABA-ergic neurons, many of 
whichh project to the PVN350,351. Sympathetic nerve activity stimulates lipolysis103,352 355 

andd the PVN is a well-known site for sympathetic output356 that also innervates white 
adiposee tissue (WAT)103104. Previous work has shown that a blockade of GABA-ergic 
transmissionn in the PVN increases glucose production, mediated by the sympathetic 
inputt to the liver198. To test whether the GABA-ergic input to the PVN also inhibits 
sympatheticc output to adipose tissue, we again administered BIC in the PVN via re-
versee microdialysis and measured FFA and leptin concentrations. However, the stim-
ulationn of PVN neurons did not result in the expected increase in FFA concentrations. 
Thiss observation is supported by Foster and Bartness, who showed that PVN lesions 
doo not attenuate fasting-induced lipid mobilization357. Moreover, the concentration of 
thee adipose tissue hormone leptin, which we expected to decrease because its release 
iss inhibited by sympathetic activity310,358,359, was not affected by the stimulation of PVN 
neuronss either. 

Onn the other hand, we did detect a small but significant decrease of FFAs and an 
increasee of leptin concentrations towards the end of the BIC infusion. This may have 
beenn an indirect effect of high glucose levels induced by the BIC treatment, as high 
levelss of either glucose or FFA inhibit each other's oxidation324,325, and plasma leptin 
levelss have been reported to increase after glucose infusion360,361. Another cause for the 
decreasedd FFA concentrations could be that an activation of PVN neurons stimulates 
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FFAA uptake, mediated by the parasympathetic innervation of adipose tissue104. The 

abovee results indicate a differential hypothalamic control of glucose and fat metabo-

lism.. Indeed, differential control has previously been suggested because deafferenta-

tionn of the anterior hypothalamus prevents 2DG-induced increases in plasma FFA 

butt not glucose concentrations, and adrenal demedullation blocks the 2DG-induced 

glucosee but not FFA response343. 

Thee SCN not only projects to the PVN, but also to the POA and DMH12-27. After 

virall  tracing from WAT, second order neurons are found in hypothalamic nuclei, such 

ass the preoptic area (POA), arcuate nucleus (ARC), dorsomedial nucleus (DMN), 

ventromediall  nucleus (VMN) and SCN103104. The increased FFA levels in our SCNx 

animals,, compared to intact rats, indicate that the SCN inhibits lipolysis or stimulates 

peripherall  FFA uptake; i.e. the hypothalamic nucleus that is in control of the auto-

nomicc input to WAT is a target area of the SCN. 

Severall  studies indicate that lipid mobilization may be stimulated via the POA. 

Precisee 2DG injections into the POA induce a rise in plasma FFA concentrations362. 

Hypothalamicc deafferentation, by means of knife cuts just behind the SCN, prevents 

stimulationn of lipolysis in response to stimuli that induce increased sympathetic out-

put343,344.. Furthermore, POA lesions346 and injections of adrenergic blockers into the 

POA3555 eliminate rises in both FFA and glucose induced by stimuli that activate the 

sympatheticc nervous system. Moreover, the POA (and the DMH and LHA to a lesser 

extent),, is activated by cold exposure, as analyzed by means of c-fos expression363. 

Thee DMH has also been suggested to mediate sympathetic stimulation of lipolysis, 

becausee injection of norepinephrine in the DMH results in an increased concentra-

tionn of both FFAs and glucose364. This effect, however, is similar for both glucose and 

lipidd mobilization, whereas we foundd a differential effect on glucose and FFA concen-

trations.. Although lesion and infusion studies have also implicated the VMH365 367 

andd LHA343346-368 as having a role in lipid mobilization, PRV labelling in the VMH 

andd LHA after injection into adipose tissue was only found in a very few neurons103. 

Furthermore,, SCN projections to the VM H and LHA are very limited12. 

Inn conclusion, we have shown that the SCN exerts an inhibitory effect on lipolysis. 

Althoughh blockade of inhibitory GABA-ergic inputs to the PVN stimulates glucose 

release,, it did not increase FFA concentrations or affect leptin levels. Possibly, SCN 

controll  of adipose tissue is mediated via other hypothalamic nuclei than the PVN. 

Mobilizationn of FFA and glucose stores may occur via both parallel (via the DMH364) 

andd differential (via the PVN and MPO198'344'346-362) pathways. 
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