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Abstract : The effect of REM -sleep deprivation (REM-SD) on diet preference was studied in rata.
REM-SD for a period of72 hrs produced an increase in day, night and 24 hr. (day plus night)
intakes of Carbohydrate Rich diet (CRD) and Total diet (TD). Body weight (BWt) was also
increased. The maximum increase in the above parameters were recorded on the 2nd day of
REM-SD. During recovery period the intakes of TD fully recovered, but the BWt and consump
tion of CRD remained high. Intakes of Balanced diet (BD) remained significantly on the lower

side when compared to the pre REM-SD mean values. During REM-SD, the rats prefered CRD
than BD. The body temperature did not show any chauge. The increase in TD intake and BWt

could be the result of an increase in insulin level and the change appears to be mediated by the
activation of hypothalamic feeding centre.
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INTRODUCTION

Extensive information exists on several aspects
of the influence of sleep on body functions 0, 2, 3,
4, 5, 6, 7, 8). These relate to cardia-respiratory,

metabolic, endocrinal, visceral and autonomic
activities of the body. However, very little is known
about the effect of partial sleep deprivation on food
preference. In modern day living exigencies of job
requirements like night-shifts, intercontinental travel,
and diverse forms of social living may lead to partial
sleep deprivation. Dement has reported an increase
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in BWt and appetite in human subjects after REM
SD (9). Rats and cats deprived of sleep showed an
enhanced drive and motivation to obtain food
(l0, 11, 12). It was only the REM-sleep deprivation
which was found to have any correlation with the
altered PI (12). In contrast, Bowersox et al (13)
have shown that the amount of REM sleep during
the phase of a 12:12 hr illumination cycle does not
significantly correlate with FI during the same or
adjacent phases.

The majority of available evidence is indicative of
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T ABLE II : Composition of protein rich diet and
carbohydrate rich diet.

2.2 gms added to 100 gms of each diet

an increase in FI as a result of REM-SD However,
there is no study showing the effect of REM-SD on

the consumption of different type of food. The
study was, therefore, undertaken to determine the
quantitative changes in the FI as well as the changes

in the preference for different types of diets when
the rats are on REM-SO. It was also aimed at

seeing whether these alterations are reflected on the
body weight, and body temperature of the rats.

Ingredients

Casein

Dextrose

Corn oil

Salt mixture

Vitamin mixture

Carbohydrate rich diet

15%

78%

3%

4%

Protein rirh diet

90%

3%

3%

4-%

METHODS
T ABLE III : Composition of salt mixture

T ABLE I : Composition of balanced diet.

Twelve 60 days old normophagic, normothermic
adult male albino rats with body weight 200 to 250 g
were used for the present study. The animals were
housed in individual cages kept in an air conditioned
room. A controlled illumination for dark and light
period was maintained by means of an electric timer
(lights off 1700-0500 hrs). The room temperature
varied between 23°C and 25°C.

To determine the dietary intake and preferences

for different foodi under REM-SD conditions, the
rats were supplied with 30 g each of three different
diets viz balanced diet (BO) (Table I), carbohydrate
rich diet (CRO) and protein rich diet (PRD)
(Table II, III and IV) placed in three different spill
proof containers The cages were checked after
every 6 hrs. to see if any of the food containers
required an additional supply. The left over food

in each container was weighed 12 hourly (8.00 to
8.30 am/pm) to determine day, night and 24 hrs

intakes of different diets. The body weight (BWt)
and rectal temperature (Trec) were also recorded
(8.00-8.30 am) daily.

T ABLE IV Composition of vitamin mixture.

390.0 gms

682.0 gms

375.0 gms

392.0 gms

121.0 gms

34-.0 gms

1.8 gms

2.5 gms

0.1 gm

1.0gm

02gm

0.1 gm

Ferric amonium citrate

Calcium Carbonate (CaCos)

Calcium hydrogen phosphate (CaHPO.2H20)

Sodium hydrogen phosphate (Na2HPO.2H20)

Potasium chloride (KCl)

Magnesium sulphate (MgSo.7H20)

Mangenese sulphate (MnSO.4-H20)

Copper sulphate (CuSO.5H20)

Zinc sulphate (ZnSO.)

Sodium fluoride (NaF)

Potassium aluminium sulphide (KAI(SO.)s12H20)

Potassium iodide (KI)

Thiamin 0.15 gm

Riboflavin 0.25 gm

Pyridoxin 0.15 gm

Biotin 0.005 gm

Inositol 5.00 gm

Nicotinic acid 0.50 gm

Calcium pantothenate 0.50 gm

Ascorbic acid 0.10 gm

Vito K s 0.05 gm

Folic acid 0.05 gm

Vito BI2 0.005 gm

PABA 100 gm

Sucrose to make 1000 gm.

24-.0%

4-.0%

4-.0%

8.0%

1.0%

0.6%
50.0%

Crude protein (minimum)

Ether extract (minimum)

Crude fibre (maximum)
Ash (maximum)

Calcium (minimum)

Phosphorous (minimum)

Nitrogen free extract



Ind. J. Physiol Pharmac., Volume 33, Number 3, 1989 REM Sleep Deprivation and Food Intake 141

The above mentioned parameters in the rats were
studied daily for a period of ten days. The pre
exposure period values of all these parameters did
not show much variations. Therefore, every third
day (i.e. 1st, 4th, 7th and 10th) value of the para

meters were taken for calculation of pre-exposure
readings.

The animals were deprived of REM phase of

sleep for a period of 72 hrs from 8 am on the 11 th
day to 8.00 am on the 14th day of the study. REM
SO was achieved by using a modified version of the
flower pot procedure also known as the platform
pedestal or water tank procedure (14, IS, 16, 17, 18).
This procedure has been validated against appro
priate electro-physiological measures of sleep (2).
This technique consisted of a water filled plastic truf
with 25.0 cm diameter and 30.0 em height with a
heavy platform of 5.0 cm. diameter and 18.0 cm
height placed in the middle of the truf. The animals
rested on the platform placed in the middle, with its
top just protruding above the surface of the sur
rounding water. The experimental platform permitted
wakefulness and non REM sleep but not REM sleep.
The platform was so small that the animal was
awakened as it falls towards water with the loss cf
postural muscle tone at the onset of each REM

period.

All the parameters were measured daily during
the period of REM-SO. The parameters were again
recorded on every 3rd day (i.e. 14th, 17th 20th and
23rd days) for determining the manner of recovery
of different parameters in the rats.

Since the animals did not consume PR 0, there
fore the same was not processed for statistical
calculations.

To find out the significant pairs of means among
the pre-exposure means of each parameter on
different days Newman Keuls Multiple range test
(19) was applied. No significant differences between

these pairs of means were found and therefore, the
means and standard deviations of each parameter
recorded on the last day of the pre-exposure period
was taken for further applying Newman Kellis
Multiple range test to see the level of signifh:ance of

the effects of the experimental procedure (REM-SD)

as well as the pattern of recovery.

Range of percentage changes in each parameter
during REM-SED was found out by calculating the

percentage change in each parameter 011 each day of
REM-SD in all the animals The mean percentage
change during the whole period of REM-SD was also
calculated for each parameter.

RESULTS

TD intake showed on enhancement during
REM-SD, details of which is given below:

Effect of REM-SD un 24 hrs TD intake: The values

of 24 hI'S TD intake ranged fr m 24.41 ±3.1S g to
29.67± 1.83 g with a mean value of 27.5S±2.78 g.
REM· SD for 3 days (72 hrs) produced a significant
increase in 24 hI'S TD intake which ranged from
1612% to 41.22% with a mean value of 31.13%.
The maximum increase in 24 Ius TD intake was
seen on the 2nd day of REM-SD. On the very first

.day of the recovery period, was noticed a significantly
reduced 24 hI'S TD intake than pre REM-SD 24 hI'S
TD intake which with a progressive increose
recovered by 10th day of the recovery period (Fig.
1). The variation in 24 hI'S TD intake was uniformly
distributed in day and night intakes of TO, the

details of which are given below:

n1jeet of REM-SD on day TD intake: The mean
values of day TD intake ranged from 8.50%± 1.44 g
to IO.42±I.31 g v.ith a mean value of 9.50±O.96 g.

REM-SD produced a significant increase in day TD
intake which ranged from 20.06% to 46.97% with a
mean value of 33.99%. The maximum increase in
day TD intake was observed on the 2nd day of
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REM-SD.\~Like 24 hrs TD intake there was a
significant reduction in day TD intake on the first
daytof recovery which subsequently recovered to pre
REM-SD intake by 4th day (Fig. I).

REM-SO

Effect of REM-SD on Dietary preferences: During
REM-SD the animals showed a preference for CRD
intake in comparison to ED intake, details of which
is given below:

Effect of REM-SD on 24 hrs CRD: A significant
increase in 24 hrs CRD intake was seen during
REM-SD which ranged from 60.93% to 114.79%
with a mean value of 92.25%, whereas the mean
values ranged from 15 16± 1.80 g to 20.25±O.96 g
with a mean value of 18.11 ±2.64 g. Tho increase in
24 hrs CRD intake was maximum on 2nd day of
REM-SD. During the period subsequent to REM
SD, though a steep fall in 24 hrs CRD intake was
noticed on the first day of the recovery but it remain
ed significantly higher than the pre REM-SD mean
value throughout recovery period (Fig. 2).
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Fig. 2. Histogram showing effect of REM-SD on day and
night CRD and BD intakes in g in raU.
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Effect of REM-SD on night TD intake: The mean
values of night TD intake ranged from 15.91 ±2.39 g
to 19.25±1.42 g with a mean value of 18.06±1.86 g.
A significant increase in night TD intake ranging
between 14.30% and 38.29% with a mean value of
29.67% was noticed during REM-SD. The maximum
increase in night TO intake was seen on the 2nd day
of REM-SD. Like 24 hrs and day TD intakes, a
significant decrease in night TD intake was observed
on the first day of the recovery which with a
progressive increase recovered to the pre REM-SD
intake by 7th day (Fig. 1).
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Fig. 1. Graph showing effect of REM-SD on 24 hrs, day and
night TD intakes in g and changes in B.Wt. in g and
Body Temperature (Tree) in °C in ratl.
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Effect of REM-SD on day CRD irztak8: A significant
increase in day CRD intake ranging from 60.25% to
118.30% with a mean value of 9 I .80% was observed
during REM-SD and the mean values ranged from

5.08±O.99 g to 6.92±066 g with a mean value of
6.08±O.93 g. The increase in day CRD intake was
maximum on 2nd day of REM-SD. Like 24 hrs

CRD, day CRD intake also showed a steep fall on
the first day of the recovery period but the intake
remained significantly higher, throughout the
recovery period, than the pre REM-SD level (Fig. 2).

Effect of REM-SD on night CRD intake: REM-SD
produced a significant increase in night CRD intake

which ranged from 61.28% to 11328% with a mean
value of 92.48% and the mean valu~s ranged from
IO.08± U5 g to 13.33±O.98 g with a mean value of
12.03± 1.72 g. The maximum increase in night CRD
intake was seen on 2nd day of REM-SO. During
recovery period, night CRD intake showed recovery
on the very first day while the same again increased
significantly by 7th day (Fig. 2).

Effect of REM-SV on 24 hrs BD inta4:e : REM SD

did not produce any change in 24 hrs BO intake,
whereas throughout the recovery period a significant
decrease than the pre REM-SD intake of 24 hrs BO
was noticed tFig. 2).

Effect of REM·S') on day ED intake: REM-SO did
not produce any change in day BD intake and
throughout the recovery period remained significantly
on the lower side when compared to the pre REM
SO value (Fig 2).

Effect of REM-SD on night BD intake: The mean
values of night BD intake ranged from 5.83± 1.70 g
6.33 ± 1.55 g with a mean value of 6.02±0.26 g. A

significant de.:rease in night BD intake was
produced by REM-SO which ranged between 1747%
and 23.98% with a mean value of 21.51% The
maximum decrease noticed was on the first day of
REM-SO. During recovery period night BO intake

remained significantly decreased as compared to the
pre REM-SO mean value (Fig. 2).

Effect of REM-SD on Body Weight: Tte mean
values of BWt ranged from 228.25± 11.:4 g to
233.00± 11.46 g with a mean value of 230.72±2.38 g
REM-SO produced a significant increase in BWt

which ranged from 0.59% to 2.68% with a mean
value of 1.67%. The maximum increase in BWt was
observed on 3rd day of REM-SO. Subsequent to
REM-SO the BWt did not recover but remained

. significantly increased (Fig. l).

Effect oj REM-SD on Body Temperature: REM-SD
did not produce any effect on body temperature
(Fig. 1).

Thus it has been found that REM-SO produced
significant increase in TD and CRD intakes both
during day and night. The animals prefered CRD
than BD. During recovery period the intakes of

CRO and BD remained significantly on the higher
and lower sides respectively, while the TO intake
recovered to the pre REM-SD level. The BWt also
showed a significant rise during REM-SD which did
not return during the subsequent period. REM-SO
did not effect the body temperature.

DISCUSSION

Increase in FI was demonstrated by Oement
et al (10) in starved animals with REM-SD. Within
a short duration of REM-SO, in the present study
an increase in BWt accompanied by an increase in
FI both during day and night is observed. The

increase is primarily because of a higher intake of
CRD. The preference for CRO and its higher intake
during night as compared to day suggest that the
normal rhythm of eating in dark periods in rats is
not changed by REM-SD. The continued change in
the preference for CRD aDd increase in BWt even
when the TO intake has recovered suggests the
triggering of mechani~ms in the body for long J3sting
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positive energy balance and enhanced CRD intake
for meeting the immediate energy requirements. The
finding not only confirm the observations of Dement
(9) in human subjects, who had demonstrated an
increase in BWt but also provide explanation for the
basis of this increase. The reduced amount of T4
produced by SD (20) tends to lower the metabolic
rate, while the availability of GH may facilitate the
anabolic processes leading to weight gain.

This trend of BWt gain by SD is also supported
by Vondera et al (21) who reported that enzymatic
activity in the skeletal muscle is more in favour of
storage than mobilisation.

It is quite likely that higher intake of carbohyd
rate which is known to stimulate insulin release (22,
23, 24, 25, 26) and thus anabolic processes in the

body (27, 28) may be involved in bringing about
weight gain. This is supported by the fact that small
amount of insulin injected daily produces an increase
in BWt and FI (29). Thus increase in FI and BWt
which accompanies the REM-SO could be the result
of an increase in insulin level. The change appears
to be mediated by the activation of the hypothalamic
feeding centre.
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