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Specific role of dietary fat in modifying cardiovascular and
locomotor activity 24h rhythms
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Meal fed conscious rabbits normally exhibit postprandial elevation in blood pressure, heart rate and locomotor
activity which is abolished by consumption of a high fat diet (HFD). Here, we assessed whether the cardiovascular
changes are attributable to the increased caloric intake due to greater fat content or to hyperphagia. Rabbits were
meal-fed during the baseline period then maintained on either an ad libitum normal fat diet (NFD) or ad libitum HFD
for 2 weeks. Blood pressure, heart rate and locomotor activity were measured daily by radio-telemetry alongside food
intake and bodyweight. Caloric intake in rabbits given a NFD ad libitum rose 50% from baseline but there were no
changes in cardiovascular parameters. By contrast, heart rate increased by 10% on the first day of the ad libitum HFD
(p<0.001) prior to any change in bodyweight whilst blood pressure increased 7% after 4 days (p<0.01) and remained
elevated. Baseline 24-hour patterns of blood pressure and heart rate were closely associated with mealtime,
characterised by afternoon peaks and morning troughs. When the NFD was changed from meal fed to ad libitum,
blood pressure and heart rate did not change but afternoon activity levels decreased (p<0.05). By contrast, after 13
days ad libitum HFD, morning heart rate, blood pressure and activity increased by 20%, 8% and 71%, respectively.
Increased caloric intake specifically from fat, but not as a result of hyperphagia, appears to directly modulate

cardiovascular homeostasis and circadian patterns independently of white adipose tissue accumulation.

Keywords: 24-h rhythm, blood pressure, heart rate, obesity, rabbits, high-fat diet

INTRODUCTION

Obesity is the product of a consistent positive energy balance
due to a decrease in energy expenditure, greater energy intake
or a combination of both (Hill, 2006). The condition is associated
with several comorbidities and its increasing prevalence places a
considerable burden on global health and economy (Haslam &
James, 2005; Thompson & Wolf, 2001). We have previously
reported that consumption of a high fat diet (HFD) in rabbits for
only a few weeks results in weight gain and increased adiposity
as well as hypertension and tachycardia (Armitage et al., 2012;
Prior et al, 2010). These animals also display aberrant
cardiovascular and sympathetic meal associated rhythms
characterised by a loss of pre-prandial dipping (Burke et al.,
2013). Whilst increased total caloric intake is an expedient gauge
of the likelihood of developing obesity (Lichtman et al., 1992),
individual dietary constituents such as lipid and carbohydrate
species are independently associated with varied risk profiles of
cardiovascular disease (Siri-Tarino et al., 2010). Importantly,
dietary macronutrients have been shown to impact the pattern
of meal associated rhythms. Consumption of a HFD has been
demonstrated to abolish nocturnal dipping of mean arterial
pressure (MAP) and heart rate (HR) observed at baseline in the
canine model of obesity (Pelat et al., 1999). In humans, high salt
intake is associated with non-dipping in a subset of patients with
essential hypertension (Uzu et al., 2006).

Food consumption is a powerful synchroniser of circadian
activity and is known to override signals from the ‘master clock’,
the suprachiasmatic nucleus (Froy, 2010). Thus, changes in the
time of meal presentation may affect peripheral circadian clocks
such as the liver, heart and kidneys, in essence uncoupling
central from peripheral circadian mechanisms (Damiola et al.,
2000). Time of consumption and dietary composition have been
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shown to alter circadian rhythms (Froy, 2010). For instance, diets
high in fat, protein or carbohydrates affect the expression of
SREBP-1protein, a key regulator of hepatic circadian
homeostasis, to varying degrees (Matsumoto et al., 2010). More
specifically, mice fed a HFD exhibit a shift in 24-hour feeding
rhythm characterised by increased caloric intake during the day
(rest period) which was coupled with decreased amplitude of the
circadian transcription factor Bmall and Per2 expression in
adipose tissue (Kohsaka et al., 2007). Strikingly, these
behavioural and cellular changes occur independently of body-
weight gain (Kohsaka et al., 2007). Concordant with these
studies are observations in which the normal preprandial
dipping in MAP and HR is abolished by consumption of a HFD
(Burke et al., 2013). However, in that study the HFD-fed rabbits
consumed more calories than those fed a normal fat diet (NFD)
by virtue of being given a hypercaloric diet whilst control animals
were maintained on a restricted single meal of control feed. In
rats, consumption of food ad libitum masks 24 hour water intake
rhythms (Johnson & Johnson, 1991). Thus, provision of a HFD ad
libitum in rabbits likely masks light-associated diurnal rhythms
observed in NFD rabbits. In addition, consumption of a HFD is
known to stimulate hyperphagia and thus increase total caloric
intake when compared with a low-fat diet (Savastano & Covasa,
2005). Indeed 50% of the increased calories consumed in our
previous studies were due to hyperphagia and 50% due to the
higher fat content of the diet (Burke et al., 2013). As these
factors were combined, the separate contribution to the
changes in the cardiovascular patterns of increased calories from
fat compared to those due simply to hyperphagia could not be
assessed. It is likely that these different sources of calories have
quite different cardiovascular influences. Thus in the present
study we compared the effect of consuming an ad libitum HFD
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with that of consuming an ad libitum NFD. Thus both groups will
have increased caloric intake due to hyperphagia, but only one
group will have the effect of the higher fat content. This design
would allow us to ascertain whether the cardiovascular changes
observed in HFD-fed rabbits were due to increased fat content
or the hypercaloric nature of the diet.

Materials and Methods

Ethical Approval

Experiments were approved by the Alfred Medical Research and
Education Precinct Ethics Committee and conducted in
accordance with Australian Code of Practice for Scientific Use of
Animals. The study conforms to international ethical standards
(Portaluppi et al., 2010). Experiments were conducted in male
New Zealand White rabbits (initial body weight 2.7-2.8 kg).
Rabbits were housed in pens individually and were kept under
controlled light (lights on 06:00 — 18:00 h) and temperature (20-
22 °C) conditions with ad libitum access to water.

Experimental Procedures

Rabbits were fitted with radiotelemetry transmitters (model
TA11PA-D70; Data Sciences International, St. Paul, MN, USA)
under isoflurane anesthesia (3-4 % in 1 L/min Oxygen; Abbot,
Botany, NSW, Australia) following induction with propofol (10
mg/Kg; Fresenius Kabi, Pymble, NSW, Australia). The catheter of
the transmitter was implanted into the aorta via a small branch
arising from the left iliac artery. Analgesia was provided prior to
and following surgery (Carprofen; 3 mg/Kg, Pfizer, North Ryde,
NSW, Australia).

Following 9 days of recovery, baseline MAP and HR were
measured in the laboratory by both telemetry and a catheter in
the medial ear artery. The telemetry signal was calibrated to the
ear artery signal and this adjustment was applied to MAP
measured in the home cage in order to minimize the possibility
of drift of the signal with time (Burke et al., 2013). Baseline home
cage MAP, HR and locomotor activity as well as food intake and
bodyweight were measured over a 3 day period in which all
rabbits were meal fed 150g of a normal fat diet (NFD; 4.2 % total
fat, 2.63 kcal/g; Specialty Feeds, Glen Forrest, WA, Australia)
each day at 12:00 h with the remaining food weighed the
following day. Following this baseline period, rabbits were given
ad libitum access to food after being randomly assigned either
to continue the NFD (n = 16) or to receive a high fat diet (HFD;
13.3 % total fat, 3.34 kcal/Kg, SF06-011, Specialty Feeds; n = 20).
Supply of the diet was checked daily and rabbits were
maintained on their respective diets for 2 weeks. During that
period continuous MAP, HR and locomotor activity
measurements were made (n = 14). Bodyweight and food intake
were measured daily (n = 12) and hourly measurements of food
intake over 24 h were recorded at baseline, day 6 and day 13 in
another group of rabbits (n = 10).

Data Analysis

Measurements of 24-h MAP, HR and locomotor activity were
performed as previously published (Burke et al., 2013). To assess
the effect of feeding, data from morning and afternoon periods
were compared. The former was designated as the 6-h period
between 03:30 and 09:30 h (when, on the meal-fed days, the
animals were quiet and values were stable) whilst the latter was
defined as the 6-h period in the afternoon (13:00- 19:00 h,
following feeding on the meal-fed days). The influence of the
light cycle over the 24-h pattern of parameters was assessed by
measuring the difference between values taken over the 12-h
period when lights were on (06:00-18:00 h) and those taken
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over the 12-h dark period (18:00— 06:00 h). Values were
expressed as mean = SEM or mean difference + SE of the
difference (SED). Data were analysed by split plot repeated-
measures analysis of variance, which is a mixed model allowing
for within-animal and between-animal (between group)
contrasts. Comparisons included pmeas referring to the effect of
meal feeding during the baseline recording (both groups
combined); pjin refers to the linearity of changes due to diet over
time, pqgqiip refers to within group contrasts between the meal
fed baseline period and the ad libitum period, pgiet refers to
contrasts between HFD and NFD-fed rabbits during ad libitum
feeding, pign: refers to the effect of light on all measured
parameters. Type 1 error was controlled using a Bonferroni
adjustment and Greenhouse-Geisser estimates were used to
correct for asphericity (Ludbrook, 1994). A probability of p<0.05
was considered significant. The study was well powered to
detect differences within groups. For instance, the power to
detect a 4.3 mmHg difference in MAP between NFD (n=7) and
HFD (n=7) rabbits at an alpha level of 0.05 was 0.97.

Results

Effect of Ad Libitum NFD and HFD Consumption on 24-h
averages of MAP, HR

Baseline home cage values averaged over 24 h were 65 + 1
mmHg and 221 £ 4 b/min (n = 14) for MAP and HR respectively.
When the NFD meal-fed diet was changed to NFD ad libitum,
there were no detectable changes in MAP or HR over 13 days
(padiib>0.05; n =7, Figure 1). However, in rabbits presented with
a HFD ad libitum, HR increased by 10 % on the first day (pad iib
<0.001, n = 7) and remained elevated for 5 days (average
increase +8 % over days 1-5, paq b <0.001; Figure 1). This effect
subsequently diminished and HR was similar to baseline levels
on day 6 - 13. By contrast, MAP increased more slowly and was
not significantly greater than baseline until day 4 of the HFD (+7
%, Pad iib < 0.05; Figure 1). However, unlike HR, MAP remained
elevated at +7 % of baseline for the remainder of the 13 day
protocol (paqiib<0.01).

Effect of Ad Libitum NFD and HFD Consumption on Caloric
Intake, Body Weight, Food Intake and Locomotor Activity
When rabbits were meal-fed a NFD, baseline bodyweight, food
consumption, caloric intake and locomotor activity averaged
over 24 hours were 2.78 + 0.05 kg, 134 + 4 g, 360 + 10 kcal, and
43 + 2 au, respectively. Switching to an ad libitum NFD produced
50 % increases in food and caloric intake on the first day (pad iib
<0.001; Figure 1). Both values decreased over the remainder of
the measurement period and after 13 days were not different to
baseline (Figure 1). Bodyweight increased linearly and was 14 %
greater than at baseline after 13 days of NFD ad libitum (pn
<0.001) but locomotor activity was reduced by 30 %, compared
to baseline, over the first 5 days (paq1ib <0.01; Figure 1). In rabbits
fed an ad libitum HFD, there was a similar pattern of food intake
as observed in the NFD rabbits fed ad libitum (pgiet >0.05) and
caloric intake also rose sharply on the first day (+79 %) and
declined over the 13 day period in a pattern resembling that of
HR (piin < 0.05; Figure 1). However, for the duration of the ad
libitum regimen, caloric intake in HFD fed rabbits remained more
than double that of NFD fed rabbits (pgie: < 0.001; Figure 1). The
greater caloric intake was associated with an increase in
bodyweight which over 13 days was 65 % greater than that
observed in NFD ad libitum fed rabbits (pgier < 0.001) but there
was a similar reduction in locomotor activity (pgiet >0.05; Figure
1).



Effect of Ad Libitum NFD and HFD on 24-h patterns of MAP, HR,
Locomotor Activity and Food Intake

During the baseline measurement period when rabbits were
meal fed a NFD, MAP, HR, locomotor activity and food intake
over 24 h showed clear rhythms associated with meal
presentation and consumption (Figure 2). The average morning
levels of HR and MAP were 205 + 7 b/min and 64 * 1 mmHg,
respectively (n = 14). Presentation of food was accompanied by
an increase of 16 % in HR (Pmeas < 0.01) and a doubling of
locomotor activity but only a small but significant increase in
MAP of 4 % (Pmeas < 0.01) measured during the afternoon period
(Figure 2). Food intake averaged 2.3 £ 0.3 g/h during the morning
and rose to 6.2 + 0.6 g/h during the afternoon measurement
period (Pmea < 0.01).

When the NFD meal-fed diet was switched to NFD ad libitum, the
24-h HR and MAP patterns were unchanged (paq1ib>0.05) with HR
morning values remaining lower than afternoon values at every
time point (Figures 2 and 3). Locomotor activity, however, was
43 % lower in the afternoon during ad libitum feeding compared
to the same period during meal feeding (paq 1ib <0.01). Food
consumption on day 6 of the ad libitum diet was similar to
baseline but by day 13, food was equally consumed in the
morning and afternoon (paq1ib <0.05, n = 4, Figures 2 and 3).

This pattern was markedly altered from the first day of ad libitum
HFD feeding. Morning HR, averaged over 13 days, was 20 %
higher than baseline morning HR (pa4iib < 0.001) and afternoon
HR was 4 % lower than afternoon baseline HR (pag iib < 0.05,
Figures 2 and 4). Thus the increase in HR from morning to
afternoon (+38 + 10 b/min) at baseline was reduced to a
decrease of -12 £ 1 b/min, averaged over 13 days of ad libitum
HFD feeding (pad iib <0.001, Figure 4). The locomotor activity
patterns of HFD ad libitum fed rabbits closely resembled those
of HR over 13 days, with morning activity levels 71 % above those
at baseline and afternoon levels 34 % below baseline (both pag iib
<0.01; Figures 2 and 4). Similarly, with the change of feeding
regimen to a HFD, morning MAP was 8% higher than morning
baseline MAP (p.q b <0.01) but afternoon MAP did not change,
thus there was little overall change in MAP over the 24-h period
(Figures 2 and 4). Food intake was altered by the HFD so that
there was no difference between consumption in the afternoon
and that in the morning over both timepoints measured (pad iib
<0.01, n=6).

Effect of Ad Libitum NFD and HFD on light-related patterns

In order to characterise the relationship between 24-h variability
and the light cycle, we also measured the differences between
the data collected during the 12-h light and 12-h dark periods. At
baseline, when rabbits were meal fed a NFD, HR and MAP in the
light period were 65 1 mmHg and 217 + 3 b/min, respectively.
MAP, HR, locomotor activity were not influenced by the light
cycle under either of the NFD feeding regimens (meal or ad
libitum feeding, piigh: >0.05, Figure 3). Food consumption during
the NFD meal-fed regimen was 31 % lower in the dark period
than the light (piign: <0.05). Switching to an ad libitum NFD
increased food intake during the dark period so that feeding
occurred more uniformly over 24 h (Figure 3). Consumption of
an ad libitum HFD produced slightly greater MAP in the dark
period (+2.2 £ 0.3 mmHg, pjigre <0.05; Figure 4). HR, locomotor
activity and the pattern of food consumption did not change
between the light and dark periods over the 13 day protocol
(piight >0.05; Figure 4).
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Discussion

Dietary habits, including time of meal consumption and
nutrients available, have a profound effect on haemodynamics
and circadian rhythms (Damiola et al., 2000; Uzu et al., 2006).
The major finding of this study is that greater dietary fat content,
but not increased caloric intake due to hyperphagia, adversely
affects haemodynamic variables with both MAP and heart rate
increasing over the first 6 days of HFD consumption. The change
in haemodynamics manifested both as a rise in the daily average
as well as a change in the pattern of circadian rhythmicity. In
addition, we report a reduction in locomotor activity in both
dietary groups concomitant with a reversal in the 24-h pattern
of locomotor activity circadian rhythm. Thus an increase in either
total caloric intake or dietary fat content appears to affect
different circadian rhythms.

Cardiovascular Circadian Rhythms are Influenced by HFD not
Increased Caloric Intake

We have previously reported that meal-fed control rabbits
exhibit a 24-h pattern heavily influenced by feeding with a
preprandial low and a postprandial high (Burke et al., 2013). In
the current study, ad libitum consumption of the same diet did
not change this pattern, despite a 50% increase in caloric intake
and a 14% gain in body weight. By contrast, rabbits given free
access to a diet rich in fat exhibited a loss of ‘preprandial dipping’
on the first day of the diet, contributing to the observed
hypertension and tachycardia in these animals. In humans,
greater body mass index is associated with aberrant circadian
periodicity characterised by a loss of diurnal dipping (Kotsis et
al., 2005) although the precise mechanism by which this occurs
remains elusive. In the current study, a marked change in the
cardiovascular circadian pattern was linked to consumption of a
HFD for 2 weeks whilst the circadian patterns of rabbits given
free access to a NFD, also increasing total caloric intake, did not
depart from baseline. Consumption of a HFD in humans
increases fasting plasma low-density lipoprotein cholesterol and
triglyceride levels (Kwiterovich et al., 2003) and these correlate
with blood pressure in ‘non-dipping’ obese patients (Kotsis et al.,
2005). Furthermore, experiments conducted by Puska (1983) in
which a 6 week low fat diet reduced systolic and diastolic
pressures independently of salt intake and weight loss support
our finding that dietary fat has a considerable impact on MAP.

Effects of Increasing Caloric Intake and Total Dietary Fat on
Locomotor Activity

We have previously observed a switching of high locomotor
activity in the postprandial period following meal feeding to high
activity in the morning period when rabbits are given a HFD for
3 weeks (Burke et al., 2013). In the present study, locomotor
activity in rabbits given free access to a NFD was also reduced in
the afternoon. Indeed, afternoon locomotor activity was
decreased in both dietary groups, although morning activity was
elevated to a greater extent in the HFD fed group. The net
reduction in activity over 24 h in both groups in the early phase
of their respective diets is likely due to increased caloric intake
and may relate to loss of central circadian clock regulation of
sleep and activity (Froy, 2010). Locomotor activity also failed to
increase in rats on a diet of progressively increasing calories or
of high fat (Rupp & Maisch, 1999; Vaanholt et al., 2008).
Sedentary behaviour is associated with greater bodyweight gain
in animals (Crews et al., 1969) and greater obesity rates in
humans (Epstein et al., 2000).



Increased Calories from Fat Affect Cardiovascular Parameters
Here we report that increased dietary fat augments the daily
averages of MAP and HR yet an increase in caloric intake has no
impact on these parameters. Our observations suggest the
haemodynamic changes observed in HFD rabbits are
independent of bodyweight gain given NFD animals in the
current study increase bodyweight and move less, presumably
decreasing energy expenditure. In fact, both dietary groups
displayed increases in bodyweight over the 13 day period, albeit
at different rates. Moreover, increased MAP in HFD rabbits
preceded any change to bodyweight. In animals, consumption of
a HFD has been shown to augment MAP and HR (Boustany et al.,
2004; Cook et al., 2004; Prior et al., 2010; Yiannikouris et al.,
2012). Importantly, increased calories from fat are known to
induce hypertension and tachycardia in humans (Appel et al.,
1997; Straznicky et al., 1993). Thus it appears haemodynamic
changes occur in response to increased dietary fat although at
present we cannot differentiate between the effects of
increased calories and increased dietary fat content.

We have previously shown that the increase in MAP is present
beyond the 13 day period and remains elevated following
withdrawal of the HFD (Armitage et al., 2012; Burke et al., 2013).
Moreover, the pressor response to the diet occurs
concomitantly with an increase in renal sympathetic nerve
activity (RSNA) (Armitage et al., 2012). Of note is the fact that
reintroduction of a NFD results in decreased HR but maintained
MAP and augmented RSNA (Burke et al.,, 2013). Thus a HFD
appears to be an important instigator of hypertension but might
not be required to maintain it over a long period of time.
Additionally, the gradual attenuation in HR is likely due to calorie
adjustment previously reported in these animals (Burke et al.,
2013). We have previously shown that increased dietary fat
intake plays a central role in the genesis of obesity related
hypertension via activation of sympathetic activity (Burke et al.,
2013; Prior et al., 2010). Indeed, fatty acids have been shown to
interact with hypothalamic neurons and alter the expression of
key neuropeptides known to regulate energy and cardiovascular
homeostasis as well as sympathetic tone (Obici et al., 2002;
Shimokawa et al., 2002). Strikingly, consumption of a HFD over
just 3 days significantly impairs the normal response of
hypothalamic neurons to free fatty acids (Morgan et al., 2004).
Despite recognition from the WHO (2003) that increased total
fat intake is strongly associated with obesity related
hypertension, specific fat species better correlate with relative
risk of developing cardiovascular disease (CVD). There is a strong
association between CVD and trans fats, artificially altered
unsaturated fatty acids (Mozaffarian et al., 2006). In addition,
saturated fatty acids have been suggested to increase risk of
developing CVD although the relationship remains controversial
(Astrup et al., 2011). Conversely, polyunsaturated fatty acid
intake is known to lower the risk of coronary heart disease
(Mozaffarian et al., 2005) and has been shown to decrease blood
pressure in children over a long period of time (Forsyth et al.,
2003). In addition, it is suggested that the ratio between lipid
species is of particular relevance to risk of developing CVD
(Mozaffarian et al., 2010). In the present study, both dietary
groups were not rich in saturated fatty acids and had a higher
polyunsaturated fatty acid to saturated fatty acids ratio.

A limitation of the current study is the difficulty in delineating
the effect of calories from fat versus calories per se on MAP and
HR given HFD rabbits consume more calories than controls. We
have previously shown that consumption of a HFD induces fat
accumulation and increases circulating leptin levels which
strongly correlate with visceral adiposity and MAP (Burke et al.,
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2013; Prior et al., 2010). However, it is exceptionally difficult to
distinguish between the effects of fat-derived calories and
calories per se as fat is the most energy dense macronutrient and
replacing it would necessitate greater amounts of either protein
or carbohydrates. Neither macronutrients would adequately
replace fat in the rabbit. On the other hand, caloric restriction
would further complicate the interpretation of these
experiments.

Summary and conclusion

We have shown that MAP and HR circadian rhythms are
influenced either by greater calories from fat or greater fat
content but not hyperphagia. We have also demonstrated that
locomotor activity appears to be more sensitive to total caloric
intake, irrespective of the fat content of the diet. Thus, despite
only the HFD having adverse cardiovascular consequences,
increased total caloric intake seems to abate energy expenditure
by means of increasing sedentary behaviour. These diverging
effects highlight the ways by which obesity, and associated
hypertension, may develop.
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Figure 1: Baseline levels in meal fed rabbits and effect of 13 days of a high fat (HFD) or normal fat diet (NFD)
fed ad libitum. Left panels: Baseline values averaged over 24 hours in meal fed rabbits before commencing
ad libitum NFD or HFD. Values are mean £ SEM. Centre panels: Daily changes from baseline from the first
until the 13th day of a NFD (open circles) or HFD (filled circles) fed ad libitum. Ad libitum feeding is indicated
by grey panel. Values are mean difference + SED indicating between animal variance. Right panels: Average
change from baseline over the entire 13 day period in NFD (unfilled bars) and HFD (filled bars) animals.
“Pgiet <0.001 for HFD vs NFD (days 1-13). Mean arterial pressure (MAP), heart rate (HR, beats/min).
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Figure 2: Left: Hourly averaged data showing the variation over 24 hours of mean arterial pressure (MAP),
heart rate, locomotor activity (au, arbitrary units) and food intake in rabbits meal fed a normal fat diet on day
0 (open circles), and on day 6 (grey circles) and day 13 (black triangles) after changing to ad libitum feeding
of the same diet. Right: Hourly averaged data in rabbits meal fed a normal fat diet on day 0 (open circles), and
day 6 (grey circles) and on day 13 (black triangles) after the start of a high fat diet fed ad libitum. Rabbits were
fed at 12:00 h (baseline only; dotted line) and the lights were on between 6:00 h and 18:00 h (dashed vertical
lines). Values are mean + SEM indicating between animal variance. The morning and afternoon periods (03:30
h - 09:30 h and 13:00 h-19:00 h respectively) are shaded in grey. *P<0.05 for Day 0 vs Day 6 during morning
and afternoon periods. ®“P<0.05 for Day 0 vs Day 13 during morning and afternoon periods. NFD, normal fat
diet, HFD, high fat diet.
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Figure 3: Left: Average differences between values collected during 6 hours in the morning (03:30 h - 09:30
h) and those during 6 hours in the afternoon (13:00 h -19:00 h) at baseline (day 0, meal-fed normal fat diet,
open bars) and on days 1 - 13 (grey bars) of the same normal fat diet fed ad libitum. Right: Average differences
between values collected during 12 hours of dark (18:00 h - 06:00 h) and 12 hours of light (06:00 h - 18:00 h).
Values are mean difference + SED indicating between animal variance. "P< 0.05 and “P< 0.01 for days 1-13
compared with day 0; NFD, normal fat diet.
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Figure 4: Left: Average differences between values collected during 6 hours in the morning (03:30 h - 09:30
h) and those during 6 hours in the afternoon (13:00 h -19:00 h) at baseline (day 0, meal-fed normal fat diet,
open bars) and on days 1 - 13 (grey bars) of a HFD fed ad libitum. Right: Average differences between values
collected during 12 hours of dark (18:00 h - 06:00 h) and 12 hours of light (06:00h - 18:00 h). VValues are mean
difference + SED indicating between animal variance. “P< 0.05, *"P< 0.001, ™P< 0.01 for days 1-13
compared with day 0; HFD, high fat diet.



