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ABSTRACT

The three main methodologies in the literature of presenting a restricted caloric
diet to a rodent, which have been shown to increase the longevity of the rodent’s life span,
were studied to determine any specific ingestive patterns of food and water. Three groups
of Fischer 344 rats were used: 1) eight rats fed 60% of their ad libitum consumption at
the beginning of the lights off period, 2) eight rats fed 60% of their ad libitum
consumption at the beginning of the lights on period and 3) eight rats fed their 60% ad
libitum consumption on a three day a week feeding schedule.

It was found that the rats in all three groups fasted (the rats would deplete the food
from the jar and then have no food the rest of the day) and gorged (the rats ate more
rapidly compared to their typical ad libinum consnmption rate). Rats fed on the daily
schedules were found to eat fewer meals than baseline but the meals were longer with
more actual time spent eating per meal than baseline. The water consumption for all three
of the groups decreased during the restricted diet. The relationship in time between water
consumption with that of food consumption was not found to change during the restricted
diet for the rats on the daily feeding schedules. The rats fed three times a week were
found to eat rapidly on the days when food was presented and then not have very much
food left on the days when food was not presented. The rats fed on a daily schedule were
without food longer on a average daily basis than that of the fed three times a week group.

These results provide insight into the possible confounding variable of the change
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in meal patterns on the longevity extension for rats on a restricted diet. The patterns of
ingestive behavior was found to be significantly different for rats on a restricted caloric
diet as compared to their ad libiturn consumption ingestive patterns. Further research is

needed to investigate these changes in ingestive behavior.



INTRODUCTION

It has been known since 1935, by the work of McCay et al., that dietary restriction
extends the life span of rodents. However, by dietary restriction, it is meant that calones
are restricted, not specific dietary components. It has been observed that extension of
longevity does not rely on restricting fat (Twasaki et al., 1988), protein (Yu et al., 1985) or
minerals (fwasaki et al., 1988) alone, it appears to be solely caloric restriction (ranging
from 30-70% of ad Iibitum intake) which extends life span (Masoro, 1992).

Caloric restriction has been shown to increase maximum life span in rats and mice
by 40-85% (Weindruch and Walford, 1988). Whether the caloric restriction is initiated in
the rat in adulthood (6 months of age) or just after weaning does not appear to make a
difference in extending the maximum length of life. However, restriction in just early
stages of life {(weaning undl 6 months) was not very effective (Yu et al., 1985). In
addition to increasing longevity, a restricted caloric diet also slows down some common
aging characteristics, such as the onset of the loss of reproductive capabilities in female
rats (Merry and Holehan, 1979), loss of ability to learn a complex maze (Ingram et al.,
1987), loss of motor abilities (Campbell and Gaddy, 1987) and the onset of nephropathy,
cardiomyopathy and.ncopiasia {(Meada et al,, 1985).

In arranging the restricted caloric diet, several laboratories have developed
different methodologies for presenting food to the rat. Yu et al. (1985) presented each

restricted rat with 60% of the average ad lib rats’ caloric intake one hour before the lights
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went off. In mice, Weindruch et al. (1986) fed the restricted diet amount (about 55% of
the ad lib group) only on Mondays, Wednesdays and double the allotment on Fridays.
Nelson and Halberg (1986) fed one group of restricted mice (75% of ad lib) at the
beginning of the dark phase and one group at the onset of light. All of these different
types of methodologies for presenting the restricted diet equally extended longevity.
Weindruch and Walford (1988) observed with mice, and Berg (1960) with rats,
that some animals completely ingested their restricted dietary allotment quickly after its
presentation. It is possible that the pattern of eating as well as the caloric restriction may
play some role in extending the life span of these food restricted rodents. Masoro et al.
(1995}, however, found that giving the 60% allotment in one meal (in late afternoon) or
two separate meals (one in early moming and one in late afternoon) did not show any
differences in longevity, with both groups’ median length of life being longer than the
control ad libitum group. Duffy et al. (1989), strictly looking at patterns, found that male
rats on a caloric restricted diet that was presented during the dark period ate fewer meals,
consumed more food per meal and spent more ttme eating per meal than did rats fed ad
lib. They also observed that restricted diet rats fed during the lights on phase ate fewer
meals, spent less time eating per meal but ate more food per meal than did restricted diet
rats fed during the dark phase. Duffy et al. (1990), with female rats fed ad lib or 60% in
the lights on phase, replicated their earlier findings. They point out that the ad lib group
consumes most of the food during the dark phase at a constant rate and consumes only a
little duning the lights on phase, whereas the 60% group consumes most of their food

within 3 hours (which is in the lights on phase).
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The only studies of caloric restriction where water intake was observed were by
Duffy and his colleagues (Duffy et al., 1989, Duffy et al., 1990) and they found that
caloric restriction reduced total water consumption in female rats but not in male rats. In
the male Fischer 344 rat they did not find any significant differences among the ad lib, light
fed or dark fed restricted groups in relation to total water consumption, the number of
drinking episodes per day or the average time drinking per episode.

In this laboratory, methods have been developed for measuring the patterns of
food and water ingestion in rodents. We can look not only at total intake of food and
water but at how the animals distribute their ingestive behavior across time with a 6
second resolution, Smith et al. (1987) found that rats eat and drink in discrete patterns
throughout a 23 hour period, with most of the ingestive activity occurring during the dark
phase. Along with total intake, the “discrete patterns™ described by this lab are number of
bouts, bout duration and time spent feeding per bout for food, and number of bouts, bout
duration and licks per bout for waier. Each of these can be analyzed during just the dark
phase or just the lights on phase to show any differences between the two. This type of
pattern analysis has been used to describe a variety of ingestive topics in rats, such as

sucrose drinking (Spector and Smith, 1984), salt intake (Contreras and Smith, 1990,

‘Strikcr et al., 1991, Stiker et al., 1992 and Rowland et al., 1993), comparison of sucrose

and saccharin intake (Smith et al., 1987 and Smith and Gannon, 1991), consistency of
meal patterns (Glendinning and Smith, 1994), the effects of chorda tympani nerve cuts
and submaxillary and sublingual salivary gland extirpation on ingestive patterns (Smith et

al., 1988) and, also, ingestive behavior in mice (Gannon et al., 1992).



The purpose of this present study was to analyze the patterns of ingestive behavior
in three of the most commonly used methodologies reported in the literature studying the
effects of food restriction on longevity. These are: 1) the restricted rat is presented with a
daily 60% allotment at the beginning of the lights on phase, 2) the restricted rat is
presented with a daily 60% allotment at the beginning of the dark phase and 3) the
restricted rat is presented the 60% allotment on a 3 day a week feeding schedule.

Several features of this study offer a unique contribution to the existing knowledge
about the patterns of ingestion when a rat is on 2 restricted feeding regimen:

1) This study represents the most detailed observations regarding feeding patterns
since data is collected every 6 seconds. Most of the other studies investigating ingestive
behavior of animals on a restricted diet measured only total intake. The other group of
investigators who measured patterns of ingestion (Duffy et al., 1989, Duffy et al., 1990)
used a less stringent resolution for data collection.

2) When doing a pattern analysis of feeding and drinking behavior it is necessary to
clearly define the criteria for ingestive episodes. In the existing literature this has never
been reported. Explicit criteria for the factors that constitute a feeding and a drinking
bout in this study are given.

3) This study measures the patterns of water intake along with the food intake.
Only two other studies investigating caloric restriction reported water intake (Duffy et al.,
1989, Duffy et al., 1960). Furthermore, a unique feature of this study is that it shows the

juxtaposition of food and water intake throughout the periods where food is available,



This anatysis of when drinking and feeding bouts occur in relation to each other has not
yet been demonstrated in the food restricted rat.

4) Duffy and colleagues presented their daily dietary allotment to the rat in the
middie of the lights-on or the lights-off phase. Nelson and Halberg (1986) presented the
allotment at the beginning of each phase. Since it is well known (e.g., Glendinning and
Smith, 1994) that ingestive activity peaks close to the time of lights-on or lights-off, the
present study presents the food at the beginning of the lights on or lights off phase.

5) The present study examines the restricted diet of rats over 30 days, whereas in
previous research a detailed pattern analysis of ingestion of a restricted diet has only been
looked at for 10 days (Duffy et al., 1989, Duffy et al., 1990).

6) This study examines the development of the ingestive patterns from when the
rats are first restricted. In the other ingestive pattern studies (Duffy et al., 1989, Duffy et
al., 1990) they allowed their rats to adjust first to the restricted diet and then measured
patterns. It will be shown in the present study that the first few days on a restricted diet
the rat has ingestive behavior like that of ad Lib rats and then over the course of days (as
the rat has been without food for longer periods of time and has been eating at a faster
rate} these patterns described by Duffy develop.

7) This study examines the “feeding activity” of the rat when the food has already
been depleted from the food jar. In a pilot study conducted in this laboratory rats had
“meals” (entries into the food jar) when all the food had been consumed. This pilot study
was conducted using photo beams in order to tell when the rat was in the food jar and

there was no exact way to tell when the food was all gone. The present study uses a load




beam systern that was developed (described in detail in the apparatus section) to find
exactly when each rat depletes his allotment of food and thus determining which meals are
actual meals with food present and which are just explorations into the food jar. Some
photo beam data (time spent in food jar) will, also, be reported in this study. A correlation
of 0.95 was found to exist between the time spent in the food jar and amount of food
consumed during the ad libitum feeding period for the following experiments.

8) Finally, the procedure for calculating a 60% diet in all of the previous studies
was to give the rats 60% of an ad lib group’s average intake. A problem with this is that
rats do not all eat the same amount of food, therefore some of the restricted rats could be
receiving different percentages of their typical ad lib amount. A pilot study in this
laboratory found when using the ad 1ib group’s average (based on 6-12 days) as the basis
for the 60% allotment that the range of restriction would have been from 47% to 72%
based on the individual rat’s ad lib intake. In order to control for this intake variation, this
study calculates each individual rat’s ad lib intake (averaged over 12 days) as the point of

reference for taking the 60% allotment.




EXPERIMENT 1

Experiment 1 is a set of two experiments conducted in exactly the same manner
except that the first group of subjects was fed in the beginning of their “lights-off” phase
of the day (the Night Fed group) and the second group was fed in the beginning of their
“lights-on” phase (the Day Fed group).

The Night Feqd Group

Subjects

Eight male Fischer 344 rats (from Harlan Sprague-Dawley) were used. During the
baseline phase of the experiment the rats weighed approximately 266 grams and
throughout the rest of the experiment body weights were taken once a week. The rats
were housed individually in modified cages described below. The room was temperature
controlled at 23 C and on a 12/12 day-night cycle with the lights going out at 1030 hours.
Due to any circannual effects it should be noted that this group was tested from
September to November, 1994. The food for this entire study was powdered Purina rat
chow (#5001).
Apparatus

The cages were modified Hoeltge 11B hanging wire rat cages made of stainless
steel. As can be seen in Figure 1, the feeding compartment was on the front of the cage

and two drinking spouts were on the rear of the cage. For this entire study only one of the




Figure 1. A diagram of a rat’s cage with the load beam attached to the food compartment
on the front and the drinking slots on the back is shown. The photo beam which monitors
the time that the rat is in the food jar can be seen where the rat is placing his head in the

food compartment. All the rat cages were laid out exactly in this manner.






drinking spouts was used. Photo transistors and IR LED sources were used to form a
photo beam across the front of the drinking spout which was recessed back from the cage,
so that the rat’s tongue interrupted the photo beam when he licked. Through the bottom
of the food compartment the rat had access to a glass food jar. Another photo transistor
and IR LED were also situated so that the rat’s head interrupted the photo beam when he
was feeding. The interruptions of the IR beams were recorded as licks for the drinking
spouts and time spent feeding (in seconds) for the food compartment by a microcomputer
in 6-sec bins over 23-hour time periods.

Each food jar was held by a strain-gage load beam (BLH Alpha 50N, Pt# 465783)
which measured the weight of the food. The signal from the load beam passed to an ultra-
low drift amplifier. The amplifier had a low pass filter with a cut off frequency of 1.6 Hz
and a gain of 16,000. The signal then went to a 12 bit A/D converter which was in a
second microcomputer (PC XT). The A/D converter sampled the weight of the food jar
(15 mg resolution) 1,920 times per 6-sec bin and saved the average which was rounded to
the nearest hundredth of a gram. The load beam data were saved to the PC XT over 23-
hour time periods.

Each day between 0915 and 1015 hours the data for both the load beams and the
photo transistors were each saved to a floppy disk. The powdered food and tap water
were weighed on a bench scale and replenished during this time.

Procedure
Upon arrival in the lab, the rats were given 10 days to adjust to the modified cages

and the 12/12 light cycle. The rats were then given 12 days of baseline consisting of ad
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libirum access to food and water. At the end of the baseline period the rats then began the
restricted diet phase of the experiment. Each of the eight rats’ individual average of the 12
baseline days of food consumption was calculated and then 60% of that was determined to
be that particular rat’s restricted diet amount. For 30 days the rats were given their 60%
restricted food and ad libitum water about 20 minutes before the lights went out.
The Day Fed Group

Subjects

Eight male Fischer 344 rats (from Harlan Sprague-Dawley) were used. During the
baseline phase of the experiment the rats weighed approximately 255 grams. These rats
were weighed once a week throughout the rest of the experiment. The animals were
housed in the same special cages and room described above, except the lights went out at
2020 hours. This group was tested from November, 1994 to January, 1995.

Apparatus

The apparatus was the same as described for The Night Fed Group.
Procedure

The rats were given their food and water during the one hour maintenance period
between 0830 and 0930 hours, the hour after the onset of the lights on period. Upon
arrival, the rats were given three days to adjust to the modified cages. The rats were then
given 12 days of baseline consisting of ad libirum access to food and water. At the end of
the baseline period the rats then began the restricted diet phase of the experiment. Each of
the etght rats’ individual average for the 12 baseline days of food consumption was

calculated and then 60% of that was determined to be that particular rat’s restricted diet

11



amount. For 30 days the rats were given their 60% restricted food and ad libitum water
an hour after the lights came on.
Analysis Criteria and Statisti

The analysis for this experiment consists of a pattern analysis for water and food
intake. The following bout criteria were utilized for the photo beam data:

Feeding. When the rat placed his head in the feeding jar for three seconds a
potential bout was initiated and when he left the food jar (the photo beam was no longer
interrupted) for a period of 50 consecutive bins (5 minutes) that bout was considered over.
Bouts less than 30 seconds in length were discarded.

Drinking. When the rat licked three times on the drinking spout a potential bout
was initiated and when he did not lick on that spout (the photo beam was no longer
interrupted) for a period of 50 consecutive bins (5 minutes) that bout was considered over.
Bouts with less than 30 licks were discarded.

The following bout criteria were utilized for the load beam data:

Feeding. When the rat placed his head in the feeding jar for three seconds a
potential bout was initiated and when he left the food jar (the photo beam was no longer
interrupted) for a period of 50 consecutive bins (5 minutes) that bout was considered over.
Bouts with less than 0 grams of food consumed were discarded. A few bouts were found
with a negligible negative amount consumed and were considered random electronic
errors.

The relationship in time between drinking and eating, “switches”, was also

12




analyzed. The criterion for a “switch™ was that the rat initiated drinking within five
minutes after having completed an entry into the food jar.

The baseline number (BASELINE), where the rats had ad libitum access to food
and water, used in the results is an average of the last five baseline days for each particular
group. The average of the last five restricted diet days (L5Days RD) for each particular
group is used to describe the end of the restricted diet run. All days described other than
baseline or the last five restricted diet days are averages for just that single day and are
nsed to describe the middle of the restricted diet run (RD #1= the first restricted diet day,
RD #2= the second restricted diet day, etc.).

The statisticai analysis for this experiment involved using analysis of variance
(ANOVA) tests with repeated measures or for independent measures based on two-factor
designs described by Keppel (1973). Further post hoc tests were conducted using the
Tukey method for multiple comparisons described by Hopkins, Glass and Hopkins (1987).
Paired sample t-tests were also used between baseline and last five days of restricted diet
measures. The alpha level was set at 0.05.

Results

Daytime and nighttime food consumption for both the Night Fed and Day Fed
groups are presented in the upper panels of Figure 2. Food intake is compared between
the average of the baseline days (BASELINE) and the average of the last five days of the
restricted diet condition (L5Days RD). As can be seen in the upper panels of this figure,

during BASELINE the Night Fed group ingested most of their food during the night and
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Figure 2. Food consumption for the daytime and the nighttime for both the Night Fed and
Day Fed groups is presented in the upper two panels. Water consumption for the daytime
and the nighttime for both the Night Fed and the Day Fed groups is presented in the lower
two panels. BASELINE is an average score for the last five days of the ad libitum
condition for all eight rats. L5Days RD is an average score for the last five days of the

restricted diet condition for all eight rats. All graphs are shown with standard error bars.
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