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responses and hedonic matrix in rats. J. AppZ. PhysioZ. 80(4): 
1133-1137,1996.-Albino male rats (n = 78) were exposed to 
a simulated high altitude (HA) equivalent to 7,620 m for 6 h 
daily, contiguously for a period of 21 days, to study their 
feeding behavior and gustatory responses. Their food, water 
intake, and body weight were recorded daily, and blood sugar 
and blood insulin were estimated once a week. All the 
parameters were recorded for a period of 3 wk each before, 
during, and after exposure to simulated HA. The results show 
a decrease in daily food and water intakes and body weight 
and mild hyperglycemia and hyperinsulinemia during hy- 
poxic exposure. The l-h single-bottle taste solution test 
showed a preference for sweet solutions (13% glucose and 

feeding behavior; food preferences; hypophagia; gustation; 

0.2% saccharine) over citric acid (0.16%), sodium chloride 
(0.9%), and quinine sulfate (0.001%) during exposure to 

taste sensitivity; blood glucose 

simulated HA. The l-h two-bottle test containing glucose 
(calories plus taste) and saccharine (taste but no calories) 
administration showed a preference for the glucose solution 
over the saccharine solution. The trend of the l-h intake of all 
test solutions also showed a reversal to preexposure levels 
after termination of HA hypoxia. It would appear that 
high-altitude stress influences food intake in a manner that 
sensory cues (e.g., preference for sweet substances) become 
more important. 

do not provide any information about the feeding 
responses of animals exposed to hypoxia for longer 
durations under controlled conditions. 

Also, the differential role of sensory and metabolic 
signals in the control of food intake has been widely 
discussed in physiological and pathological conditions 
like diabetes and thyroid diseases (1,9, 14, 15,28-30). 
Sensory and metabolic signals are altered in certain 
nutritional stresses (19, 23-25, 32) and appear to be 
linked to modulation in energy balance status. One 
such nutritional stress is produced by HA exposure that 
causes hypophagia both in animals and humans. Expo- 
sure to HA hypoxia may result in sudden unpredictable 
changes in appetite and an increased desire for sweets 
(8,12,16,34). Preference for the rich carbohydrate food 
over other types of food may suggest alterations in the 
sensory and metabolic signals controlling food intake. 
HA exposure is associated with body weight loss (2, 3, 
13), and body weight state is known to influence the 
hedonic responses (23-26). 

into consideration the simultaneous effect of tempera- 
ture, which would be an additional stress at HA. 
Because hypoxia produces alterations in body tempera- 
ture, which, in turn, influences the amount of food 
consumed, the effect of hypoxia on food intake needs to 

The systematic laboratory studies have been done for 
a maximum period of 24 h where hypoxic gas mixtures 
were administered. The remaining investigations were 
conducted under the conditions of HA, without taking 

ONE OF THE COMMON COMPLAINTS of the sojourners at 

The feeding behavior of an individual is influenced by 
both internal state and external environmental factors 

high altitude (HA) is anorexia resulting in hypophagia 

such as heat, cold, and hypoxia (4, 14, 32). The earlier 
investigations had suggested a decrease in food and 
water intakes and body weight on short-term exposure 

and resultant decreases in body weight. The problem of 

to hypoxic gas mixtures (18). Gloster et al. (10) sub- 
jected six young male guinea pigs to a simulated 

hypophagia at HA has drawn very little attention from 

altitude of 5,000 m for 14 days and compared their 

environmental physiologists and requires systematic 

intake with that of six control guinea pigs of compa- 
rable body weight. The total weight of food consumed 

investigation. 

by the test animals was only 63% of that eaten by the 

taste intensity). In light of these observations, system- 

be studied while keeping the ambient temperature 

atic studies were carried out by devising experiments to 
study the effect of long-term exposure to simulated HA 

constant and noting the changes in body temperature. 

(7,620 m) under controlled conditions of temperature 
and humidity on feeding behavior and gustatory re- 

It is also not clear as to how the recovery from the 

sponses. It is hypothesized that HA hypoxia influences 
the sensory modalities for taste perception, which, in 
turn, either independently or in combination with 

effects of hypoxia would ensue on termination of HA 

anorexia, leads to hypophagia, resulting in a decrease 
in body weight. 

exposure. HA hypoxia alters the feeding behavior and 
may affect the hedonic matrix (taste pleasantness and 

control animals. There have also been reports- that MATERIALS AND METHODS 
suggest the protective influence of carbohydrate intake 
and deleterious effects of a high fat and protein diet in Male albino Sprague-Dawley-strain rats, bred and reared 

tolerating severe hypoxia (22). Thus, investigations 
in the animal house of the Defence Institute of Physiology and 

carried out so far have shown the occurrence of an- 
Allied Sciences, in the body weight range of 150-200 g were 
used. The rats were handled in accordance with the recommen- 

orexia and hypophagia on exposure to hypoxic gas dations of the Ethical Committee of the Institute. All the rats 
mixtures or HA environment. These studies, however, were housed in separate cages at 27 t 2°C. The illumination 
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in the room was maintained in a 12:12-h light-dark cycle. The 
powdered synthetic diet (Gold Mohur laboratory animal feed, 
Lipton India) was given in spill-proof containers with a 
capacity of 120 g. Tap water was provided for drinking in a 
calibrated dispenser. The food and water intakes were re- 
corded daily in the morning at 0930 for 7 days. Those animals 
that showed fluctuations in these parameters at the end of 
this period were discarded. In the others, food and water 
intakes and body weight were determined once a day thereaf- 
ter. Blood sugar and blood insulin were determined once a 
week. The rats were divided into experimental (n = 48) and 
control (n. = 30) groups. The experimental group rats were 
exposed to simulated conditions of HA equivalent to 7,620 m 
for 6 h daily from 1000 to 1600 for a period of 21 days. For 
simulating HA conditions, a specially designed environmen- 
tal decompression chamber was fabricated where pressure, 
temperature, and humidity could be controlled at a desirable 
level. There was provision for recording the behavior of the 
animal during simulation studies, which could be viewed on 
the monitor. At 1 point in time, 12 rat cages could be 
accommodated in the decompression chamber. The animal 
decompression chamber provided a good tool for simulating 
HA conditions by keeping other physical factors constant. The 
temperature in the chamber was maintained at 32 t 05°C. 
The relative humidity within the chamber was -5O%, and 
fresh air was allowed to flow into the chamber at the rate of 
5.5 Vmin. Both control and experimental rats were given food 
and water during the exposure time. At the end of the 
exposure session each day, the rats were put in their respec- 
tive cages and food and water was withdrawn from the cages 
between 1600 and 1800 to minimize the effects of postinges- 
tional factors on the taste solution intake test. 

The rats were exposed to the taste stimulus test procedure 
described by Cagan and Maller (6) between 1700 and 1800. 
The rats were administered glucose (13%), saccharine (0.2%), 
sodium chloride (0.9%), citric acid (0.16%), quinine sulfate 
(O.OOl%>, and tap water. The administration of the solution 
was random in accordance with the latin square random 
distribution, and each day a single solution was tested for a 
period of 1 h. Twenty-five-milliliter graduated cylinders were 
filled with the test solution scheduled for that day and were 
placed in the cages for the rat to sip from them. The amounts 
consumed were noted after 5 min, 15 min, 30 min and 1 h. The 
food intake was expressed as grams per 100 grams of body 
weight, and the water and taste solution intakes were 
expressed as milliliters per 100 grams of body weight. At the 
end of the test solution exposure, all the rats were given food 
and water. 

In another group, a two-choice preference (two-bottle test) 
was administered. The rats were presented with glucose 
(13%) and saccharine (0.2%) solutions simultaneously for 1 h. 
The amount consumed in 5, 15, and 30 min and 1 h were 
recorded. The solution intakes for both tests were expressed 
as milliliters per 100 grams of body weight. The parameters 
mentioned above were recorded in both control and experimen- 
tal groups for a period of 3 wk each before, during, and after 
the termination of exposure to hypoxia. 

Blood was withdrawn from the retro-orbital Venus plexus 
under ether anesthesia between 0900 and 0930 for blood 
sugar and blood insulin estimations. Blood glucose estimation 
was done by an enzymatic calorimetric method with a blood 
glucose kit obtained from Boehringer Mannheim Diagnostica. 
Blood insulin estimation was done by using the radioimmuno- 
assay method. 

Statistical analysis of the data was done by two-way 
classification of analysis of variance with the criterion of the 
Newman-Keuls multiple range test. Comparisons were made 

between the preexposure values of food intake, water intake, 
body weight, blood sugar, and blood insulin with the corre- 
sponding exposure and postexposure values. Similar compari- 
sons were made between preexposure values of different taste 
solution intakes with the corresponding exposure and postex- 
posure values of one-bottle and two-bottle tests. 

RESULTS 

The daily food and water intakes showed an abrupt 
decrease within the first week of intermittent exposure 
to simulated HA and remained at low levels (Fig. 1). 
During the postexposure period, daily food intake re- 
corded an increase and showed a tendency to reach the 
preexposure levels -1 wk after termination of expo- 
sure. The daily water intake also followed a similar 
pattern. The daily water intake registered a decrease 
during the exposure period to HA (from 33.3 ? 0.8 to 
19.6 it 0.5 ml; P -=c 0.001; Fig. 1) and showed a tendency 
to come back to preexposure levels after termination of 
HA. Even though body weight in the control group 
showed a gradual rise over the entire period of 9 wk, it 
decreased conspicuously in the experimental group. 
During the postexposure period, body weight of the 
experimental group increased abruptly, achieving a 
rate of gain in body weight similar to the control group 
(Fig. 2). 

On exposure to hypoxia, the blood sugar level showed 
an increase on the 7th day (to 69.2 ? 8.8 mg/dl) that 
was significantly higher than the control value of 
58.9 ? 6.8 mg/dl (P < 0.001). This increase continued as 
reflected in the readings taken on the 14th and the 21st 
day of exposure (Fig. 3). The posthypoxic effect on blood 
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Fig. 1. Daily food (0, experimental group; 0, control group) and 
water (A, experimental group; A, control group) intakes of adult male 
rats before (PRE-EXP), during (ALTITUDE EXP), and after exposure 
(POST-EXP) t o simulated high altitude (HA). SW, body weight. 
Values are means t SE of data from every 3rd day to avoid 
overcrowding x-axis. ‘{‘P < 0.001 compared with corresponding 
preexposure values. 
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Fig. 2. Daily body weight of both control (0) and experimental (0) 
rats before, during, and after exposure to simulated HA. Values are 
means + SE of data from every 3rd day to avoid overcrowding x-axis. 
‘+‘P < 0.001 compared with corresponding preexposure values. 

sugar showed a reversal pattern toward the preexpo- 
sure level. The rats also showed a mild hyperinsulin- 
emia during simulated HA exposure that was not 
significant. However, the increased insulin levels 
showed a tendency to come back to preexposure values 
1 wk after termination of HAexposure (Fig. 3). 
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Fig. 3. Insulin (0, experimental group; 0, control group) and blood 
glucose (A, control group; A, experimental group) levels before, 
during, and after exposure to simulated HA. Values are means t SE. 
v < 0.01 co mpared with corresponding preexposure values. 
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Fig. 4. Taste solution intakes for 1 h in a single-bottle test before, 
during, and after exposure to simulated HA. Values are means + SE 
of data from every 3rd day to avoid overcrowding x-axis. SW, body 
weight. :i’P < 0.001 compared with corresponding preexposure values. 

The taste solution tests showed that sweet solution 
(13% glucose and 0.2% saccharine) intakes were signifi- 
cantly higher than the citric acid, sodium chloride, 
quinine sulfate, and water intakes when compared 
with their respective preexposure intake on administra- 
tion of the one-bottle test. The glucose solution intake 
was more than the saccharine solution intake during 
HA exposure. The citric acid, sodium chloride, quinine 
sulfate, and water intakes did not show any significant 
change during HA exposure (Fig. 4). 

Administration for 1 h of the two-bottle test contain- 
ing glucose (13%) and saccharine (0.2%) showed a 
significant increase in glucose solution over the saccha- 
rine solution intake on exposure to simulated HA 
(Fig. 5). 

During the postexposure period, all the solution 
intakes showed a tendency to come back to preexposure 
values. 

DISCUSSION 

Exposure to an intermittent simulated HA equiva- 
lent of 7,620 m resulted in a decrease in 24-h food 
intake, water intake, and body weight but an increase 
in blood sugar and insulin levels. The one-bottle and 
two-bottle tests showed a preference for sweet solu- 
tions, with glucose preference being higher than that 
for the saccharine solution. All these parameters showed 
a tendency to come back to control levels on termina- 
tion of hypoxic exposure. Exposure to intermittent 
simulated HA produced a decrease in the total quantity 
of food consumed by the adult rats during the first week 
itself. Thereafter, the changes in the mean pooled value 
of adult rats stayed at the lower levels, with minor 
fluctuations. Koob et al. (18) demonstrated a decrease 
in food intake on exposure to hypoxia for only 24 h, 
wherein the hypoxic exposure was for a very short 
duration. However, from the present study, one may 
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plain mild hyperglycemia during HA hypoxic exposure. 
However, Caldiron and Llerena (7) have shown a low 
level of blood glucose in humans living at HA. This 
difference in the level of blood sugar reported by 
Caldiron and Ilerena and in the present study is 
difficult to explain. However, it may be due to the 
difference in duration of exposure to the environmental 
stress. The continued hyperglycemia despite hyperinsu- 
linemia is suggestive of alterations in the levels of other 
hormones involved in glucose metabolism. 

The results of the one-bottle test show the preference 
for the sweet solution over the other taste solutions 
during HA exposure. The l-h one-bottle choice test used 
in the present investigation is known to measure 

;LUCOSE preference perhaps not influenced by the postabsorp- 
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Fig. 5. Glucose and saccharine solution intakes for 1 h in a 2-bottle 
test before, during, and after exposure to simulated HA. Values are 
means + SE. :f’P < 0.001 compared with corresponding preexposure 
values. 

speculate that intermittent hypoxic exposure for 21 
days not only caused a decrease in food intake but also 
set a new baseline at a lower level. The reduced 
baseline is commensurate with the changed needs 
under simulated HA conditions. The rats remained 
quiet for most of the time during the HA exposure 
period. This suggests a decreased metabolic need, and, 
if so, the reduced baseline may be useful in sustaining 
the vital functions in the animals. 

Body weight shows a considerable decrease during 
the phase of steep change in the level of food consump- 
tion. This observa tion confirms the results of Hunter 
and Clegg (13) regarding the decrease in the rate of 
gain in body weight during hypoxia. The fact that there 
is a decrease in water intake may solely not account for 
the decrease in body weight, and the exact mechanism 
of body weight loss remains somewhat unclear. The 
observations made by Rose et al. (27) suggested that 
hypoxia can be a sufficient cause for the weight loss and 
decreased food consumption reported by mountain expe- 
ditions at HA. Boyer and Blume (2) and Guilland and 
Klepping (11) have observed negative nitrogen balance 
at extreme HA. In addition to anorexia, increased basal 
metabolic rate and energy expenditure during moder- 
ate exercise conditions can contribute to body weight 
loss at extreme altitude (5). 

HA hypoxic expos ure leads to a series of changes in 
metabolic activities as seen from the results of blood 
sugar and blood insulin levels. The animals continue to 
have relatively mild hyperglycemia and hyperinsulin- 
emia during exposure and show a tendency to come 
back to control levels after the termination of HA 
exposure. Morgan and colleagues (20, 21) have shown 
an increase in hexokinase activity and its phosphoryla- 
tion during a hypoxic condition, indicating increased 
glucose mobilization and utilization, which may ex- 

tive factors (6) and, hence, is a better method for 
preference measurement. To see whether the rats dis- 
criminated between a calorie-bound sweetness, i.e., 
glucose over the calorically inert sweet taste of saccha- 
rine, the taste responses to a brief exposure of a l-h 
two-bottle test (containing 13% glucose and 0.2% saccha- 
rine) were observed. The one-bottle test observation 
indicated that rats preferred glucose and saccharine 
solutions over citric acid, quinine sulfate, and sodium 
chloride solutions, indicating that sensory cues are 
important for palatability and are used as meaningful 
cues in the search for food acceptability, especially 
during nutritional stress caused by HA hypophagia. 
The increased glucose solution uptake also supports 
the observation that under HA exposure there is an 
increase in carbohydrate intake that has a protective 
effect under hypoxic stress (16). The energy pool is a 
critical factor in the control of food intake. When the 
animal is in energy balance, the metabolic properties of 
ingested food are critical, and when it is deprived of 
meal size or meal time is restricted, the sensory proper- 
ties become prepotent in regulating intake (14). A 
similar situation of nutritional stress, leading to a 
deficit in energy balance, is caused by the decreased 
food intake at HA. It may be said that rats start 
depending on sensory inputs that override metabolic 
signals, and sensory signals via taste cues provide the 
sensory basis of the hedonic matrix that controls food 
acceptance, choice, and intake (32). 

It is apparent from the studies that HA hypoxia 
causes changes in taste preference as recorded with the 
one-bottle and two-bottle tests. Changes in the taste 
preferences on exposure to HA hypoxia can be due to 
the changes in the taste sensitivity at the taste bud 
level (31, 32), or the changes are the manifestations of 
modulation in the central mechanisms regulating feed- 
ing behavior (17, 33). The present study seems to 
suggest that the HA exposure causes a decrease in food 
intake via a shift in taste preference. 

The present work raises the possibility of HA hypoxic 
stress also acting in a similar fashion and shifts 
preferences in feeding behavior from metabolic cues to 
sensory cues in regulating intake (14). It is conceivable 
that hypophagia and weight loss observed at HA could 
be somewhat ameliorated by providing a palatable 
carbohydrate diet. 
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