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Abstract:
The effects of ACTH, STH, noradrenaline and thyroid hormone were compared on five-day old rats
that had been starved 24 hours in two different temperatures. One temperature was within the neutral
thermal temperature range (36±2°C). The other was room temperature (21-24°C).

The conditions compared were oxygen consumption; body temperature, and blood glucose level.
Twenty-four hours of starvation decreased the amount of oxygen consumed. More oxygen was
consumed at room temperature than within the neutral thermal environment. The blood glucose level
was higher and the body temperature was lower in rats starved at room temperature than those starved
within a neutral thermal environment. All four hormones caused an increase in oxygen consumption
and body temperature whether the rats were starved or not. STH and thyroid hormone raised the blood
glucose level while ACTH and noradrenaline did not. 
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ABSTRACT

The effects of ACTH, STHj noradrenaline and thyroid hormone were 
compared on five-day old rats that had been starved 24 hours in two 
different temperatures. One temperature was within the neutral thermal 
temperature range (36±2°C). The other was room temperature (21-24°C).
The conditions compared were oxygen consumption; body temperature, and 
blood glucose level. Twenty-four hours of starvation decreased the amount 
of oxygen consumed. More■oxygen was•consumed at room temperature than with
in the neutral thermal environment. The blood glucose level was higher and 
the body temperature was lower in rats starved at room temperature than 
those starved within a neutral thermal environment. All four hormones 
caused an increase in oxygen consumption and body temperature whether the 
rats were starved or not.. STH and thyroid hormone raised the blood 
glucose level while ACTH and noradrenaline did not.



INTRODUCTION

Newborn, animals have a larger body surface to body weight ratio than 

the adults of their species and hence have a greater physical problem in 

maintaining their body temperature. Body temperature is maintained in 

homeothermic animals by balancing heat production and heat loss. The 

capacity to increase heat production parallels a rise in' oxygen consumption 

(Taylor, 1960). Smaller animals consume a larger amount of oxygen per unit 

body weight in a neutral thermal environment than do the adults. The 

neutral thermal environment is the environmental temperature range in which 

there is a minimal amount of oxygen consumption in a resting state while 

maintaining a normal body temperature (Dawes, 1968). In small mammals, 

there is a direct relationship between animal size and the limits of the 

neutral thermal range.

Newborn rats have rectal temperatures which tend to approximate that 

of their environment (Adolph, 1957). Beyond the limits of the neutral 

thermal environment (35-37°C), the oxygen consumption steadily increases 

for a span of about five degrees in either direction. As' the environmental 

temperature is lowered below 30°C, the oxygen consumption decreases steadily 

until the animal expires. This indicates that the animal's ability to 

maintain a normal body temperature by increasing heat production to equal 

heat loss, when exposed to cold temperatures, is limited at birth. The 

neutral thermal range expands as the age of the animal increases. By the 

age of three weeks, rats have the ability to keep relatively constant body 

temperatures in cold environments of 5°C (Taylor, 1960). The expansion of
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the limits of the neutral thermal environment coincides with the develop

ment .of effective insulation of the young rats (Adolph, 1957).

The mean minimal oxygen consumption per unit body weight steadily, 

increases in rats from 20 ml./kg.min. at birth to 30 ml./kg.min. by three 

days of age (Dawes, 1968). Taylor (1960) states that the mean minimal 

oxygen consumption is 28.7 ml./kg.min. by two days in rats and remains at 

this level up to three weeks after birth. There is a drop in the minimal 

oxygen consumption in rats by the time they reach adulthood.

McCance and Widdowson (1959) reported in an investigation using pig

lets that starvation will reduce the amount of oxygen consumed, and that 

after 12 hours of starvation there is a significant drop in the blood 

glucose,level. Another study has demonstrated that noradrenaline will 

increase oxygen consumption in newborn rabbits (Heim and Hull, 1966). 

Swanson (1956) shows that thyroxine will increase oxygen consumption in 

rats. Ball and Jungas (1961) show that STH and ACTH will increase oxygen 

consumption in rats. These experiments also indicate that the increase in 

oxygen consumption results from the use of energy stores within the body.

The purpose of this study was to investigate some of the effects of 

various hormones when given to young rats which had been either fully fed * 

starved for 24 hours at room temperature (21-24°C), or starved for 24 hours

within a neutral thermal environment of 36°C.



METHODS

The rats used in this study were all derived from Holtzman or Holtzman 

related stock. Those which were not pure Holtzman were 50% Holtzman, 25% 

NIH BR and 25% NIH OM/N. Data for this experiment were collected from 14 

litters of rats. Twelve litters were given hormones such that each of four 

hormones was given to three separate litters. From these 12 litters, four 

contained 12 rats and eight contained eight rats. The reason for control

ling the litter size was that each litter was subdivided into four equal 

groups. The other two litters contained six rats and were subdivided into 

three equal groups. These two particular litters were not given any hor

mones but were otherwise treated exactly as the other 12 litters which 

received hormones and thus served as controls for these groups. These two 

litters were of particular interest because their blood glucose level was 

compared with those given hormones.

All animals stayed with the mother until four days of age. At that 

time the division into three or four equal groups was made; and three 

characteristics were recorded, namely, weight, temperature, and oxygen 

consumption. The litters with four groups were characterized as follows: 

one group was fully fed and given a hormone, one group was fully fed and 

not given a hormone, one was starved tat room temperature (21-24°C) for 24 

hours and given a hormone, and one group was starved in a neutral thermal 

environment of 36±2°C for 24 hours and given a hormone. The litters with 

three groups were characterized as follows: one group was fully fed, one

group was starved at room temperature (21-24°C) for 24 hours and one group



was starved in a neutral thermal environment of 36±2°C for 24 hours.

All data were collected from 6 p.m. to 12 p.m. The rats were weighed 

individually on a triple beam balance. Body temperatures were recorded 

.before and after each determination by a Rustrak temperature recorder for 

temperatures equal to or above 30°C and by a Wesco field thermometer for 

temperatures below 30°C. Temperatures were measured by inserting a 

thermister or a thermometer into the anal opening of the animals. Each 

group was placed in a round glass chamber which formed a closed system of 

about 150 cc through which oxygen was circulated at 430 cu.in./min. (approx

imately seven l./min.) by means of a Dyna-Vac pump. This glass chamber was 

enclosed by another glass chamber forming a 1.3 cm. water jacket. A 

Brinkmann Lauda thermoregulator was used to maintain a temperature of 

36.4±0.02°C in this water jacket. Carbon dioxide was absorbed by barium 

hydroxide lime, and the oxygen consumed in the system was manually replaced 

from a 100 ml. titration burette.

A 20 minute equilibration period was allowed for each group. After 

this equilibration period, the water level in a manometer was set at a 

specific mark; and the initial reading on the titration burette was recorded 

to the nearest 0.1 ml. Oxygen was replaced periodically. After 30 minutes 

the water level in the manometer was returned to the initial mark, and the 

final reading of the titration burette was taken. The oxygen consumed was 

recorded in ml./kg.min.

All oxygen consumption determinations were inade in the same system; 

however, the oxygen consumption of the group starved at room temperature
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(21-24°C) was determined without the use of the thermoregulator. This 

was done so that all determinations as well as starvation periods were 

conducted at room temperature. The oxygen consumption determinations of 

all the other groups were done with the thermoregulator at the controlled, 

temperature of 36.4±0.02°C.

Following this oxygen consumption determination, the groups were 

subdivided as previously characterized. The two fully fed 'groups were 

replaced with their mother for 24 hours. The group starved for 24 hours 

in a neutral thermal environment was placed in an incubator (300 egg 

Favorite incubator) which had a controlled temperature of 36±2°C. Dishes 

full of water were placed in the bottom of the incubator for all the groups 

that were starved within it except the groups that were given ACTH. This 

caused two different environments for the groups that were starved within 

the incubator, because one was in a humid environment whereas the other was 

not. The last group from the four subdivided groups was starved for 24 

hours at room temperature without temperature control.

Twenty-four hours after this initial oxygen consumption determination, 

the procedure was repeated for each group. Following this second deter

mination, the rats to be given hormones were given a subcutaneous injection 

of a specific hormone. Fresh solutions of the hormones were administered 

to each individual rat in the following concentrations: ACTH-bovine

injectable (Nutritional Biochemical Co., Cleveland, Ohio) was injected in 

a dosage of 0.25 USP/0.05 ml. of 0.9% NaCl after the method of Li (1962). 

Growth hormone-raben type (Nutritional Biochemical Co.) was injected in a
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dosage of 0.5 USP/0.05 ml. of 0.9% NaCl after the method of Marx, Simpson, 

and Evans (1942). L—noradrenalin bitartrate (Nutritional Biochemical Co.) 

was injected in a dosage of 0.2 mg/kg body wt,after the method of Hsieh 

and Carlson (1957). Thyroid hormone (desiccated thyroid gland) (Nutritional 

Biochemical Co.) was administered in a dosage of 20 jig/0.05 ml of 0.9% NaCl 

after the method of Ingbar and Freinkel (1960) . All injections were admin

istered subcutaneously in the shoulder region.

After the injection each group was returned to the chamber, and the 

oxygen consumption was followed until a noticeable change had occurred.

When it seemed that the oxygen consumption had definitely been altered, the 

final body temperature was recorded. Blood was obtained by decapitation. 

Blood samples (0.1 cc) were withdrawn for chemical analysis into a syringe 

containing heparin sodium 0.4% (Nutritional Biochemical Co.). The blood' 

glucose was determined by either the Lavco true glucose test (Lavco Labo

ratory Inc., Hallettsville, Texas) after the simplified method of Dubowski 

(1962) or by the glucose-oxidase method (Natelson, 1961) from glucostat ■ 

reagent (Worthington Biochemical Corp., Freehold, N. J.). A Spectronic 20 

colorimeter was used for the colorimetric determinations at 640 mp. (Lavco 

true) and at 395 mjr (glucostat reagent).



RESULTS

Data yielded from 12 litters of rats show the effects of starvation 

at room temperature vs. starvation within a neutral thermal environment, 

starvation at room temperature vs. fully fed rats, starvation within a 

neutral thermal environment vs. fully fed rats, and the effects from a 

given hormone following starvation at room temperature, starvation within 

a neutral thermal environment and full feeding. Data yielded from the 

other two litters show only the effects of starvation at room temperature 

vs. starvation within a neutral thermal environment, starvation at room 

temperature vs. fully fed rats, and starvation within a neutral thermal 

environment vs. fully fed rats.

Effect of starvation on oxygen consumption

TABLE I. Means and ranges (ml./kg.min.) of the oxygen consumption of 4-day.
old rats and of 5-day old rats after 24 hours of starvation in 2 
environmental temperatures. Each mean represents data taken from 
4 rats.

Oxygen Consumption 
at 4 Days_____

Oxygen Consumption 
at 5 Days_____

Starved at 21-24°C 41.2
36.3-46.1

Starved at 36±2°C 40.7
39.2-42.2

18.7
17.3-20.1

14.3
11.7-16.9

Fully Fed Rats 38.7
35.8-41.6

48.2
45.5-50.9
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Table I compares the oxygen consumption of five-day old rats that have 

been starved for 24 hours in two environmental temperatures. This data was 

taken from the two litters that contained six animals per litter. There is 

a definite reduction in oxygen consumption after 24 hours of starvation. 

However, the decrease in oxygen consumption was less when the rats were 

starved at room temperature (21-24°C) than in a neutral thermal environment 

of 36±2°C. The mean value of the oxygen consumption was higher for rats 

starved at room temperature than those starved in a neutral environment. 

After 24 hours of full feeding, there was a definite increase in oxygen 

consumption. The mean oxygen consumption in Table I shows an increase of 

38.7 ml./kg.min. at four days of age to 48.2 ml./kg.min. at five days of 

age.

Hahn and Koldovsky (1966) state that starvation will reduce the amount 

of oxygen consumed in young rats. Taylor (1960) says that four and five day 

old starved rats have shown a large decrease in oxygen consumption when the 

environmental temperature was lowered from 38°C to 30°C. Taylor (1960) 

states that Mourek (1958) also observed a large decrease in oxygen con

sumption in two-three week old rats studied at 26°C after a 24 hour fast. 

Taylor also states that between six and 48 hours of age there was a small 

increase in oxygen consumption recorded at the neutral temperature from a 

mean of 19.7 to 28.7 ml./kg.min. There was very little change over the 

next three weeks. Dawes (1968) found similar results in studies with rats. 

He found the mean minimal oxygen consumption to be about 30 ml./kg.mip. by 

three days of age and very little change from this over the next three week
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period. Taylor (1960) also found that the maximal oxygen consumption 

changed from about 50 ml./kg.min. in a 30°C environment at 48 hours of age 

to 112 ml./kg.min. in a IO0C environment at three weeks of age. At four 

days of age, he found rats to consume a mean maximal oxygen consumption 

of 70 ml./kg.min. in a 25°C environment. The most striking increase in 

the metabolic response of the newborn to cold occurred soon after they had 

begun to feed. Therefore, the small response to cold in unfed rats may be 

due to the lack of carbohydrate reserves.

Effect of growth hormone on oxygen consumption

TABLE II. Means and ranges (ml./kg;min.) of the oxygen consumption of 5-day 
old rats that were starved for 24 hours and given an aliquot of 
growth hormone. Each mean represents data taken from 7 rats.

Oxygen Consumption 
at 4 Days

Oxygen Consumption 
at 5 Days

After STH

Starved at 53.7 32.8 38.6
21-24°C . 46.3-59.5 24.1-37.3 ' 28.2-44.0

Starved at 45.6 19.4 25.5
36±2°C 41.4-49.0 10.2-24.9 24.5-26.5

Fully Fed 42.7 56.2 69.2
Rats 39.6-46.5 51,2-60.7 65.9-73.1

Fed Rats Not 47.3 , 55.7
Given Hormone 44.6 51.2 51.8-59.1

There was an increase in oxygen consumption after the administration 

of 0.5 USP of growth hormone to each rat. Table II shows that this ob

servation is demonstrated after 24 hours of either starvation or feeding.
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This data was taken from three litters of rats of which two litters con

tained eight rats and one litter contained 12 rats.

Table II has data that was collected under the same conditions as 

Table I, specifically the data contained in the first two columns in each 

table. All conditions and procedures being the same, the results are 

naturally similar. Even though the mean values were different, the trend 

was the same. There was a definite reduction in oxygen consumption after 

24 hours of starvation at both temperatures or an increase after 24 hours 

of feeding. Just as in the results from Table I, Table II indicates that 

the reduction in oxygen consumption was less at room temperature than at 

36±2°C. However, there was not the reduction in oxygen consumption in the 

group starved at room temperature shown in Table II as compared with the 

group shown in Table I. These particular groups found in Table II were 

larger in weight by about 10%. The same groups shown in both tables were 

treated the same. The weight difference may or may not have had any bearing 

on the difference in oxygen consumption. However, Hahn and Koldovsky 

(1966) report that larger rats are not affected by starvation as much as. 

smaller rats under the same conditions.

Effect of ACTH on oxygen consumption

There was a slight increase in oxygen consumption after the admin

istration of 0.-25 USP of ACTH to each rat. Table III shows that the mean 

oxygen consumption increases in all three groups after the injection of the 

hormone. This data was taken from three litters of rats of which two litters
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contained eight rats each and one litter contained 12 rats. The increase 

in mean oxygen consumption was slight for both starved groups but ex

tremely noticeable for the fed group. Joel (1965) indicates that young 

rats have brown adipose tissue and that ACTH acts directly upon this tissue 

releasing free fatty acids. He also indicates that prolonged periods of 

starvation, especially within cold environments, will deplete this tissue. 

The higher increase in oxygen consumption of the fed group over that of the 

starved groups might indicate that most of this tissue had been utilized 

during starvation.

TABLE III. Means and ranges (ml./kg.min.) of the oxygen consumption of 
5-day old rats that were starved for 24 hours and given an 
aliquot of ACTH. Each mean represents data taken from 7 rats.

Oxygen Consumption 
at 4 Days

Oxygen Consumption 
at 5 Days

After ACTH

Starved at 43.4 17.4 19.3
21-24°C 40.7-48.6 14.6-21.0 16.9-22.9

Starved at 35.4 10.7 11.2
36±2°C 31.5-38.6 5.8-14.8 5.6-15.0

Fully.Fed 35.4 40.6 49.1
Rats 31.3-40.2 36.5-47.2 44.2-53.7

Fed Rats Not 40.8 43.2
Given ACTH 37.3-45.4 38.4-50.6

Table III has data that was collected under the same conditions as 

that in Tables I and II, specifically the data contained in the first two 

columns in these tables. Since all conditions and procedures were the same.
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the results should be similar. The trend is the same here as it is in the 

other tables. There was a definite reduction in oxygen consumption after 

24 hours of starvation or an increase after 24 hours of feeding. The re

duction in oxygen consumption was less at room temperature than at 36±2°C.

Effect of noradrenaline on oxygen consumption

There was an increase in oxygen consumption after the administration 

of 0.2 mg./kg. body wt. to each rat. Table IV shows an increase in the 

mean oxygen consumption within all three groups. This data was taken from 

three litters of rats which contained eight rats each. .Hsieh and Carlson 

(1957) have shown that noradrenaline will increase the amount of oxygen 

consumption in rats. This effect seems to be greater on yourt£ rats than 

in the adults. Heim and Hull (1966) report that this is due to its effect 

on the brown adipose tissue present in young animals. Noradrenaline causes 

the release of plasma free fatty acids. Noradrenaline seemed to have a 

greater effect in increasing oxygen consumption in both starved groups than 

ACTH. This must have some bearing on the different roles of each hormone.

Table IV contains data that was collected under the same conditions 

as that in Tables I, II, and III, specifically the data contained in the 

first two columns in these tables. Since all conditions and procedures 

were the same, results should be similar. The trend is the same here as it 

was in the other tables. xThere was a definite reduction in oxygen con

sumption after 24 hours of starvation or an increase after 24 hours of 

feeding. The reduction in oxygen consumption was less at room temperature

than at 36±2°C.
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TABLE IV. Means and ranges (ml,./kg.min.) of the oxygen consumption of 
5-day old rats that were starved for 24 hours and given an 
aliquot of L-noradrenalin bitartrate. Each mean represents 
data taken from 6 rats.

Oxygen Consumption 
at 4 Days

Oxygen Consumption 
at 5 Days

After Nor
adrenaline

Starved at 51.4 20.4 26.2
21-24°C 40.5-59.1 15.2-24.7 21.1-30.4

Starved at 46.2 14.6 19.4
36±2°C 37.5-53.4 12.3-19.1 16.5-23.4

Fully Fed 41.6 50.7 58.3,
Rats 36.3-47.9 . 46.2-56.7 52.9-65.1

Fed Rats Not 44.9 52.3
Given Hormone 38.0-50.4 45.6-57.8

Effect of thyroid hormone on oxygen consumption

There was an increase in oxygen consumption after the administration 

of 20 pg of thyroid hormone to each rat. Table V shows an increase in
i

oxygen consumption within all three groups. This data was obtained from 

three litters of rats of which two litters contained 12 rats each and one 

litter contained eight rats.

Table V contains data that was collected under the same conditions 

as that in Tables I-IV.. This is the same data that has previously been 

mentioned. The trend is the same here as it has been in the previous four 

tables. There was a definite reduction in oxygen consumption after 24 hours 

of starvation at both temperatures or an increase after 24 hours of feeding. 

The reduction in the mean oxygen consumption was less at room temperature
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TABLE V. Means and ranges (ml./kg.min.) of the oxygen consumption of 
5-day old rats that were starved for 24 hours and given an 
aliquot of thyroid hormone. Each mean represents data taken- 
from 8 rats.

Oxygen Consumption 
at 4 Days

Oxygen Consumption 
at 5 Days

After Thyroid 
Hormone

Starved at 47.2 17.6 23.2
21-24°C 39.2-56.3 12.1-20.4 14.6-28.9

Starved at 41.6 13.2 22.1
36±2°C 38.3-47.3 8.7-16.1 14.1-24.8

Fully Fed 36.7 51.2 68.2
Rats 34.7-40.5 46.9-57.4 63.7-75.1

Fed Rats Not. 38.9 49.2
Given Hormone 37.6-41.3 47.0-51.4

than at 36±2°C.

Comparison of blood glucose levels

The blood glucose levels varied significantly between the groups that 

were starved and those groups that were fed. As indicated by Table VI, 

thyroid hormone and STH had an effect on the blood glucose level while 

noradrenaline and ACTH did not. The mean blood glucose level of the rats 

starved at room temperature was somewhat higher than the group starved at 

36±2°C. This was true whether there was any hormone administered or not.

The fed rats not given a hormone varied from 117-151 mg % while those 

that were starved at either temperature varied from 54-77 mg %. Hahn and 

Koldovsky (1966) report that ten-day old rats that were starved for 24
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TABLE VI. Means and ranges of the blood glucose levels (mg %) of 5-day 
old rats that were starved for 24 hours at 2 environmental 
temperatures and given aliquots of either ACTH, STH, nora
drenaline, or thyroid hormone. The number in parenthesis 
represents the number of rats involved within each mean.

Thyroid
STH ACTH Noradrenaline Hormone No Hormone

(3) (3) (3) (5) (3)
Starved at 77 74 79 86 72
21-24°C 65-82 65-86 74-86 77-94 68-77

(4) (3) (3) (A) (2)
Starved at 74 65 61 79 59
36±2°C 67-80 59-69 57-66 72-84 54-64

(6) (7) (6) (7)
Fully Fed 165 131 137 172
Rats 153-177 121-138 125-146 163-181

(7) (7) (6) (8) (4)
Fed Rats Not 134 127 139 129 136
Given Hormone 122-141 117-136 128-151 ’ 121-139 131-144

hours had a mean blood glucose level of 70 mg % when starved at 33°C and a 

mean blood glucose level of 90 mg % whep starved at 22°C. They also reported 

that the mean blood glucose level of five-day old rats is about 135 mg %.

The mean values from this study were 72 mg % after 24 hours of starvation at 

room temperature and 59 mg % after 24 hours of starvation at 36±2°C. The 

values from this study were not the same as those reported by Hahn and 

Koldovsky (1966), but the trend of having higher blood glucose levels at 

colder temperatures was the same.
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Effect of the hormones on'body temperature

TABLE VII. Effect of STH oh changes in body- temperature in rats starved 
for 24 hours at 2 environmental temperatures. Temperatures 
are. recorded as midrange values. The limits of the range are 

. . the +values. Each value is taken from 7 rats.

4-Day Old Rats 5-Day Old Rats After STH

Starved at 
21-24°C

32.5+0.5°C 26.4+0.5°C 27.2±0.4°C

Starved at 
. 36±2°C .

32.2±0.6°C 32.8±0.3°C 33.6±0.7°C

Fully Fed 
Rats

. 32.3±0.6°C 32.2±0.4°C 33.1±0.6°C

Fed Rats Not 
Given Hormone

32.0±0.5°C 32,1±0.7°C

TABLE VIII;. Effect of ACTH on changes in body temperature in rats starved 
for 24 hours at 2 environmental temperatures. Temperatures 
are recorded as midrange values. The limits' of the range are . 
the ± values.■ Each value is taken from 7’rats.

■; . 4-Day Old Rats 5-Day Old Rats After ACTH

Starved at 
21-24°C

- • 34.2+0.3°C 26.0+0.50C '26.2±0.4°C

Starved at 
36±2°C

34.0±0.4°C . 34.2±0.6°C 34.3±0.5°C

Full Fed 
Rats

34.0+0.4°C ■ 34.3±0,7°C 34.9+0.3°C
/

Fed Rats Not 
Given Hormone.

33.5±0.6°C 34.1±0.5°C
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TABLE IX. Effect of L-noradrenalin bitartrate on changes in body
temperatures in rats starved for 24 hours at 2 environmental 
temperatures. Temperatures are recorded as midrange values. 
The limits of the range are the ± values. Each value is taken 
from 6 rats.

4-Day Old Rats 5-Day Old Rats
After

Noradrenaline

Starved at 
21-24°C

33.6±0.5°C 29.0±0.5°C 29.3±0.3°C

Starved at 
36±2°C

34.1±0.4°C ' 34.4±0.5°C 34.9±0.6°C

Fully Fed 
Rats

34.2±0.6°C 34.5±0.4°C 35.2+0.7°C

Fed Rats Not 
Given Hormone

33.9±0.6°C 34.0±0.4°C .

TABLE X. Effect 
starved 
atures 
are the

of Thyroid hormone on changes in body temperature in rats 
for 24 hours at 2 environmental temperatures. Temper- 
are recorded as midrange values. The limits of the range 
± values. Each value is taken from 8 rats.

4-Day Old Rats 5-Day Old Rats
After

Thyroid Hormone

Starved at 
21-24°C

33.6±0.6°C 27.4±0.5°C 28.1±0.4°C

Starved at 
36±2°C

34.1±p.4°C 34.2±0.4°C 35.1±0.5°C

Fully Fed 
Rats

33.8±0.5°C 34.0±0.7°C 35.1±0.4°C

fed Rats Not 
Given Hormone

33.7±0.4°C 33.8±0.4°C
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As indicated by Tables VII, VIII, IX and X, there was little change in 

body temperature between the four- and five-day old rats if they were 

starved at either 36±2°C or returned to their mother. However, there was 

a significant change in body temperature from day four to day five if they 

werfe starved at room temperature. In all cases there was a slight increase 

in body temperature after the administration of.the hormones. Thyroid 

hormone and STH had the greatest effect in changing the body temperature, 

while noradrenaline and ACTH had the least. There was a difference after 

24 hours of starvation at room temperature between the body temperature 

of those given STH and ACTH and those given noradrenaline and thyroid 

horMone. A possible reason for this is that the room temperature was 

colder when the data was collected for STH and ACTH than when .it was col

lected for thyroid hormone and noradrenaline.

Comparison of losses and gains in body weight

There was a difference in percent weight loss between rats starved at 

rootn temperature and those starved in a neutral thermal environment. As 

Table XI shows, there is a greater loss in body weight when rats are starved 

at room temperature than at 36±2°C. Table XI also indicated very little 

difference between percent body weight gains of the fully fed groups. A 

probable explanation for the excessive weight loss of the group starved at 

36±2°C (ACTH) is that the incubator in which the groups were starved did 

not have enough moisture present. As already mentioned in the methods 

section, the weight loss was reduced by keeping the animals in a humid

environment.
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TABLE XI. Means and ranges of % losses in body weight during 24 hours of 
starvation or % gain in body weight during 24 hours of normal 
feeding in 5-day old rats before the administration of either 
STH, ACTH, noradrenaline or thyroid hormone. A (+) indicates 
weight gain while a (-) indicates weight loss. The number in 
parenthesis indicates the number of animals involved in each 
mean.

Thyroid
STH ACTH Noradrenaline Hormone No Hormone

Starved at 
21-24°C

(7) (-)
8.4

7.7-8.9

(7) (-)
7.8

6.8—8.6

(6) (-)
6.7

6.1-7.7

(8) (-)
6.6

6.0-8.2

(4) (-)
9.1

8.6-9.4

Starved at 
36±2°C

(7) (-)
' 11.0 
10.3-11.9,

(7) (-) 
19.1

14.4-21.2

(6) (-)
11.6

10.8-12.4

(8) (-) 
10.1

9.1-11.9

(4) (-)
12.2

11.4-12.9

Fully Fed . 
Rats

(7) (+) 
15.8

14.3-16.7

(7) (+) 
15.2

14.1-16.2

(6) (+) 
13.7

12.7-14.6

(8) (+) 
14.9

14.2-15.6

Fed Rats Not 
Given Hormone

(7) (+) 
16.2

14.2-16.9

(7) (+) 
16.3

14.9-16.8

(6) (+) 
14.2

12.9-14.9

(8) (+) 
15.2

14.3-15.8

(4) (+) 
16.1

15.3-16.9



DISCUSSION

Twenty-four hours of starvation decreases the oxygen consumption 

and blood glucose level of five-day old rats. The effects of starvation 

on oxygen consumption at the two temperatures, as shown in Tables I-V, 

were the same in all 14 litters of rats. This trend was still the same 

when the data for all similar oxygen determinations were combined. The 

mean oxygen consumption of the combined data changed from 47i8 ml./kg.min. 

at four days of age to 21.6 ml./kg.min. after 24 hours of starvation at 

room temperature. The mean oxygen consumption of the combined data 

changed, from 41.9 ml./kg.min. at four days of age to 14.4 ml./kg.min. 

after 24 hours of starvation within a neutral thermal range of 36±2°C.

The mean oxygen consumption of the combined data of four-day old rats was 

42.4. ml./kg.min. and 49.8 ml./kg.min. at five days of age after 24 hours of 

feeding. The decrease in oxygen consumption was less at room temperature 

than within a neutral thermal environment when rats were starved for 24 

hours. There was an increase in oxygen consumption after 24 hours of 

feeding.

In the results it was mentioned that Mourek (1958) and Taylor (I960) 

report that starvation definitely decreases oxygen consumption in rats.

The results of this study show that the blood glucose levels of the rats 

starved at room temperature were higher than those starved.within a neutral 

thermal environment. This was the situation whether hormones were given or

not. From Table XI in the results, the weight loss of the rats starved, at
<

3612°C was more than those starved at room temperature. Even though the
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body temperatures of the rats starved at room temperature (21-24°C), as 

indicated in Tables VII-X, did not closely approximate that of their envi

ronment, they were lower than the normal body temperature. All these 

findings seem to indicate that the rats starved within the neutral thermal 

environment had a greater depletion of energy than those starved at room 

temperature. The energy depletion within the neutral thermal environment 

may account for the fact that oxygen consumption was less within this 

environment than at room temperature.

Taylor (1960) found in his studies that rats vary among one another 

in the temperature that they use the least amount of oxygen in a resting 

state. Taylor (1960) and Bawes (1968) show that rats vary little in their 

oxygen consumption between the ages of two days and three weeks within the 

neutral thermal environment. Taylor (1960) found that beyond the limits 

of the neutral thermal environment, there was an increase in oxygen con

sumption as the rats aged. If the rats used in this study did not include 

within their neutral thermal range the temperature at which oxygen was 

measured for this group (36.4±0.02°C), the oxygen consumption would have 

been higher. This may explain why there was an increase in oxygen con

sumption after 24 hours of feeding. This may also explain why the oxygen 

consumption in this study was higher for the rats of this particular age 

within the neutral thermal range than other studies have indicated (Taylor, 

1960 and Bawes, 1968).

Each of the four hormones caused an increase in oxygen consumption 

and body temperature whether the rats were starved or not. STH and thyroid
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hormone increased the blood glucose level while ACTH and noradrenaline did 

not seem to have any effect. Gorbman and Bern (1962) state that STH and 

thyroxine increase the blood glucose level by glycogenolysis. It is 

thought that STH causes this indirectly by increasing the concentration of 

glucagon released from the pancreas. Heim and Hull (1966) have shown that 

noradrenaline, glucagon and ACTH stimulate heat production in brown adipose 

tissue of new-born rabbits. They also state that these hormones increase 

the rate of hydrolysis of triglycerides and rate of oxygen consumption with

in this tissue. Scopes and Tizard (1963) have found that noradrenaline is 

secreted at the nerve endings in the brown adipose tissue. Upon stimulation 

of the sympathetic nervous system, there is an increase of heat production 

within this tissue. Joel (1965) found that this tissue is used only for 

heat production, especially in hibernating animals. When animals are 

starved, the white adipose is utilized before the brown adipose tissue. 

However, if animals are placed in extremely cold environments, the brown 

adipose tissue is used in order to maintain a normal body temperature. He 

reports that because of the fast reaction time, ACTH and glucagon must have 

a direct effect upon this tissue. The release of plasma free fatty acids 

causes an increase in oxygen consumption and body temperature.

This brown adipose tissue is of particular interest to newborn mammals 

whose skeletal musculature and body insulation are not adequately developed. 

These features are. important as a means of heat production. This tissue 

would be important to animals deficient in these features since it can pro

vide what is termed as nohshivering thermogenesis (Dawes, 1968). Heim and
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Hull (1966) have definitely shown that newborn rabbits contain this tissue 

and that it is important in maintaining normal body temperatures when they 

are exposed to cold environments. Although it has not been definitely 

proven that this tissue contributes the same effects in rats, evidence 

seems to indicate that it does (Dawes, 1968). Scopes and Tizard (1963) 

found that in some newborn mammals noradrenaline causes a greater increase 

in oxygen consumption than adrenaline. This situation is reversed in the 

adult species. This is attributed to the presence of brown adipose tissue 

in the newborn.

STH and thyroxine are both important in maintaining growth and estab

lishing normal metabolic functions in the newborn. Noradrenaline is 

important to the newborn because of its secretion by the autonomic nervous 

system and its effect upon the brown adipose tissue which is important in 

the heat production of the animal. ACTH seems to have a direct effect upon 

brown adipose tissue in releasing plasma free fatty acids. This is inter

esting since it seems that ACTH could indirectly produce the same effect by 

causing the adrenal gland to release noradrenaline. Whether this direct 

effect of ACTH upon brown adipose tissue is a normal function or not is 

vague at the present time. It seems reasonable to conclude that these 

hormones have an important role in maintaining normal metabolic functions 

and are essential for normal development within the newborn rat.
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