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group of animals by signs of life during rewarming:

It was found that glycogen was depleted to a greater extent dur-

ing cold exposure than at nest ternperature. This indicates that the

eff ects of cold inhibited those factors rnaintaining glycogen

rnore than those factors utilizing it. The degree of lactic acid in-.

crease at Zo C indicated anaerobic glycolysis, while rnore complete

oxidation of glycolytic interrnediates was suggested at ZZ" C. Older

animals were found to have a significantly higher liver glycogen con-

centration than younger ones, yet they succumbed to cold rnore readily

than did the younger rats. This indicates that rnaturation affected re-

sistance to cold more than did glycogen concentration.
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GLYCOGEN UTILIZATION IN NEWBORN RATS
SUBJECTED TO COLD STRESS

INTRODUCTION

several workers observed that newborn rats showed a ,torpor-

ousrrresPonse to near-freezing temperatures. In this condition, car-

diovascular, respiratory, and voluntary muscular movements came to

a standstill. Body ternperature fell to that of the environment, and

rnetabolic activity nearly ceased. Thus, the animals were in a par-

tially anoxic condition. They were capable of surviving several hours

of this stress, after which, when warmed, they regained the ability to

make voluntary and involuntary movements, and externally appeared

to be normal (12, p. 4-5; 5, p. 356-364; t, p. 99-I00).

Newborn rats exposed to moderate cold stress (20 to 25. c) on

the other hand, were not torporous and the activity of the cardiovas-

cular system, and presurnably of respiration, was depressed but not

completely stopped. The metabolic rate was higher than in those rats

at z" C but lower than normal. Body temperature eventually fell to

that of the environment (5, p. 356-350).

Nest temperature for newborn rats has been reported to be

about 32"C (17, P. 457). This was between the rtneutral environrnental

ternperature zonettof 33 to 38'c (the range of no increased oxygen

consurrlption), and the temperature of maximurn oxygen consumption
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at about 30'C (I8, p. 167). Metabolism, then, seemed to be ,normalrr

at 33 to 38'C environmental ternperature. It heightened at about 30'C,

and successively decreased as the animals were exposed to lower

temperatures.

The primary purpose of the present investigation was to deter-

mine if glycogen served as an energy source in the newborn rats dur-

ing cold-stress conditions. It was expected that anaerobic glycolysis

would contribute to the energy requirements during anoxia at ?'c,

particularly since iodoacetate and fluoride, which inhibit glycolysis,

were found to shorten the survival period of newborn rats in nitrogen

(8, p. 389). The role of glycogen at ZZ'C and at 32" C was also to be

studied and survival time at Z to 6'C was to be observed.



METHODS AND MATERIALS

Newborn rats were rernoved from the mother and nest, weighed,

and subjected to one of the three experimental ternperatures for a

specific interval of tirne up to ten hours. One group was exposed to

the temperature of Z" C, another group to 2?" C, and still another to

32'C. To rnaintain the temperature, a refrigerator was used at 2'C,

the laboratory at ZZ" C, and an electric bulb at 32'C. The ternpera-

ture was measured continuously by a thermometer and was held within

a fairly narrow range. During the course of the experiment the rats

were separated by cardboard partitions into compartments about one

inch wide, two inches long, and one inch deep. At the appropriate

tirne, each rat was removed, its sex usually determined, and then

killed by quick-freezing in a solution of dry ice and acetone.

A sample of liver weighing between 150 and 300 milligrarns was

taken from each animal. Likewise, a sample of ventral abdominal and

sometimes pectoral rnusculature usually weighing frorn 75 to 150 rnil-

ligrams was obtained. The tissues were carefully weighed and then

quickly digested in separate tubes of hot potassium hydroxide. The

glycogen was precipitated by a1cohol, centrifuged, and dissolved in

water. These last three steps were then repeated. The method of

Seifter, et a1. (15, p. 191-200) was used for glycogen determination

in which there was produced, in a boiling water bath, a colorimetric
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reaction between the aqueous solution of glycogen and an anthrone-

sulfuric acid reagent. The intensity of the color produced by this re-

action was determined on a Klett colorirneter. By cornparison of this

with the color intensity produced by anthrone reagent in a standard

glucose solution, the rnilligrarns of glycogen per gram of tissue were

calculated. Two portions of the solution derived from the original

sample were compared in the rnajority of cases. A total of 386 rats

were used in the glycogen analyses.

Liver and muscle lactic acid analyses were made using other

rats. They were exposed to experimental and analytical procedures

similar to those upon which glycogen determinations were made.

However, following treatment of the tissues with potassiurn hydroxide,

tJre Barker-Summerson method of lactic acid analysis was used (2,

p. 535-554). The color intensity of two portions of the solution de-

rived from each tissue was determined on a Klett colorimeter. Then

the rnilligrarns of lactic acid per 100 grams of tissue were calculated

by comparlson with a standard solution. A total ot ?4 rats was used.

A series of experirnents was performed on survival times of

97 newborn rats subjected to ternperatures of 2 to 6'C. After expo-

sure to the co1d, the rats were rewarrned at roorn temperature, and

survival was determined by signs of obvious rnovement and response

to pinching. Death was indicated by either a lack of movement or by

no response to pinching. A cornparison was rnade between those rats
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l? to 24 hours old, and thos e 24 to 36 hours of age in regard to their

ability to survive the cold.



RESULTS

Exposure to 2o C

The initial concentration of liver glycogen was about ten milli_
grarrrs per gram of tissue (Table I and Figure l). A slight, insignifi_

cant rise was observed within one hour of exposure to the cold, fo1-

lowed by a rather large and sudden decline to about five milligrams

per grarn by the second hour of exposure. The amount of glycogen

remained near this level until six hours, with an increase in the final

determination at ten hours.

Table l. Liver Glycogen

Temperature: 2oC Temperature: 22oC Temperature: 32oC

Hours No. of
Exposure Animals

No. of *Glycogen No. of *Glycogen
Animals (mglgm) Animals (me/gm)

*Glycogen

(mg/gm)

0

.25

.50

I

z

3

4

5

6

t0

36

l0

9

t6

t8

L6

9

L4

t5

l5

36

LZ

t0

t1

t3

LZ

ZL

l0

l0

10

9. 8+0.93

10.0+1. l6

9.6*1. 35

lZ 6+1. LT

5. 0+0.58

6.8+0. 89

3.8+0.88

3. 9:r l. 08

4.5+0.80

7. 4+1. 27

9.8+0. 93

ll.7+1.30
4. | *1. 04

I 1. 9+0. z6

9. 9 +1. 57

6.3+1. 18

6.0+1.34

0.9+0.33

L 6*0.60
1.4*0. 36

error indicated ,.

9.8+0.9s

9.5*1.49
13.0+1.10

15.8+0. 98

I z 4+0. 88

12.5+1.41

16. 2*1.91

7.9*1.60

9.0+O.77

7. 3*1. 36

36

l3

10

10

11

l5

L4

r9

L4

IZ

s2
n

Average values with standard
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The rnuscle glycogen concentration (Tab1e z and Figure 2) was

about 2.8 rnilligrarns per gram of tissue in the unexposed animal.

After an initial decrease and then rise to above normal, the value

steadily declined to about one rnilligranl per gram at five hours. rt

remained near this low level through the tenth hour. Liver and. mus-

c1e lactic acid showed a very large increase up to six hours, where-

after, there appeared a decline to near-normal values (Table 3).

Table Z Muscle Glycogen

Temperature: 2oC Temperature: 22oC Temperature: 32oC

Hours No. of
Exposure Animals

*Glycogen
(mglgm)

No. of
Animals

*Glycogen

(ms/cm)
No. of

Animals
*Glycogen

(mg/gm)

0

.?5

.50

I

2

3

4

5

6

1o

30

IO

8

16

18

26

I
L4

10

15

2. 8+0. 18

2. I +0. 53

3. 5+0. 14

3. 4+0. t5

L7*0.26
2. L*0, L4

1.5*0. 25

1.0*0. 15

1. 3+0. 28

0.5+0. 19

Z 8*0. 18

Z. L*0.41

z9*0.29
3. 6 +0. 35

3.3+0. 29

4.0+0. 23

4. 2*0. 28

2.3+0.37

3.9+0. 18

3. 3+0.60

.2. 8 +,0. 18

3. 3+0. 19

3.3+0. ZL

3. 5 +0. 16

3.9*0. 26

3. 4+0. 18

3. 6+0. 18

Z 8+0. 30

3. 5 +0. 13

3. 3+0. 17

30

LZ

I
13

T4

T4

18

9

11

l0

30

l3

t0

13

9

19

11

l9

L6

lz

Average values with standard error indicated
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Table 3. Lactic Acid: Liver and Muscle

Temperature: 2oC Temperature t 22oC Temperature: 32oC

Hours

Exposure

Liver Muscle
(mg/10O gm)

Liver Muscle
(mgl100 gm)

Liver , Muscle
(mg/10O gm)

0

I

4

5

6

7

10

28

43

65

rt7
28L

t96

46

40

53

83

Lrz

492

174

33

Z8

16

?4

29

tg

51

l9

40

39

z8

49

70

6z

19

28

31

z0

55

63

27

40

63

31

74

r4l

Z9

(Note: since there are only one to two animals per point, the
standard error was not computed)

Exposure to 22'C

Liver glycogen (Tab1e I and Figure 1) dropped temporarily from

the initial value of ten milligrarns per gram to about four milligrarns

per gram at 30 rninutes of exposure. It returned to a value slightly

higher than norrnal at one hour. Then it steadily declined to about

one milligram per gram by five hours, near where it remained through

the last determination at ten hours.

The level of the muscle glycogen (Table Z and Figure Z) dis-

played an initial and transient drop from 2. 8 milligrarns per gram to

2. I milligrams per gram, sirnilar to that seen in those anirnals at

Z'C. After this, it steadily rose to a value higher than norrnal at four
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hours. Thereafter, the content fluctuated somewhat above and below

3' 3 milligrams Per gram which was the final determination at ten

hours. Lactic acid 1evels in liver and muscle remained relatively

1ow throughout the ten hours of exposure, with some increase at seven

hours (TabIe 3).

Exposure to 32"C

The level of liver gtycogen between one and four hours of expo-

sure was higher than that in the unexposed animals. It reached about

l5 milligrams per gram during this period, compared with the initial

value of about ten milligrams per gram (Table I and Figure l). At

five hours the glycogen lever suddenly dropped to about eight milIi-
grams per gram, near where it remained through the end of the ex_

periment at ten hours" Muscle glycogen (Tab1e z and Figure z) re-
mained at a fairly constant level slightly above normal throughout the

test' Lactic acid in liver and rnuscle showed some increase at five

and six hours of exposure (Table 3).

Survival

The results of the experiment on survivar following exposure to

temperatures of Z to 5. C were as follows:

(a) Animals lz to 24 hours of age showed I00 percent survival

throughout eight hours of exposure and only 50 percent survival at
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nine hours (Tab1e 4 and Figure 3).

(b) Rats 24 to 36 hours o1d showed

cold stress than did the younger animals.

cent at five hours, to Z0 percent at seven

ten hours (Table 4 and Figure 3).

less ability to recover from

Survival dropped to 67 per-

hours, and zero percent at

Tab1e 4. survival Following Exposure to Temperature of z to 6. c

Agez 12 to 24 hows old Age: 24 to 36 hours old

Hours
Exposure

Number of Animals:
Exposed Survived

Percent
Survival

Number of Animals: Percent
Exposed Sr.nvived Survival

t

z

3

4

5

6

7

8

9

l0

5

5

5

10

6

6

9

LZ

4

5

5

5

l0

6

6

9

lz
z

100

100

100

100

100

100

100

100

50

5

6

6

5

5

8

4

4

4

I

I

0

80

ot

67

z0

z0

0

Analysis of Data

In order to determine what affect each of the numerous varia_

bles in the experiment had upon glycogen content, a stepwise multiple

regression analysis was made of the data. This was done by the use

of an rBM 709 high speed digital computer, using program BIMDog.
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Glycogen concentration was chosen as the dependent variable (y), and

the several independent variables as (X). The square of each x was

also used in order to obtain possible correlation, in the event that the

relationship between x and y was nonlinear. The fo[owing x vari-
ables were used:

X(l) = age of animal in hours
X(21 = age of animal, in hours, sguared
X(3) = temperature of exposure in degrees C
X(4) = temperature of exposure in degrees C, squared
X(S1 = houps of exposure
X(6) = hours of exposure, squared
X(7) = body weight of animal in grams
X(8) = body weight of animal in grams, squared

The affect of sex upon glycogen was also analyzed separately.

It was decided that the x variable which had the highest corre_

lation coefficient with glycogen (y), would be selected first by thecom_

puter and the equation constructed which would define y. Then other

x values, with decreasing correlation to residual y would be se_

lected in order, and algebraically added to the first, one at a time.

The results of the data analysis were as follows:

Liver Glycogen. Liver glycogen was most significantly affected

by age (Figure 4) according to the equatlon:

( I ) Glycogen = 0. 099 (Age) + 4. E8

Next, gtycogen was affected by the square of the ternperature. This

factor was added to age to obtain the equation: :
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(2) Glycogen = 0. 1t (Age) + O. OO4 (Temp 'l r ,. nU.

The negative hours of expoeure was the third variable to affect glyco-

gen. rt was found that glycogen decreased significantly with time.

When this was added to the former factors, the following equation was

constructed:

(3) Glycogen = O.LZ (Age) + O. OO4 (Temp"') - 0.60(Hrs)+ Z.qg.

It was found that sex had

The difference between males

cant if the difference was less

(See Table 5. )

no significant affect upon glycogen.

and females was considered insignifi-

than three O, whe"u O={E *Z/n - t

Tab1e 5. Average Glycogen concentration According to sex

Av. Glycogen

Liver
Liver
Liver
Liver

MuscIe
Muscle
Muscle
Muscle

Tis sue No. Animals Sex

Males
Females
Undetermined
Average: All

MaIes
Females
Undetermined
Average: Atl

(ore/en l O Value
167
145

7Z
384

177
L52
56

385

8.56
8.92
6.63
8. 38

2,85
3.02
2.73
2.90

5.55
6. 2,5

': l-'

l. zz
T.4L
t. 25
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Muscle Glvcogen. Muscle glycogen was found to rise signifi-

cantly and linearly with increasingty higher ternperatures. However,

the next rnost significant variable was the square of ternperature.

These two factors in the sarne equation produced the curve in Figure

5. The equation constructed was:

(4) Glycogen = 0. 141 (Ternp) - 0.003 1te..rpz) + L.77.

The square of body weight and the square of hours of exposure also

significantly affected glycogen. Sex had no significant affect accord-

ing to the factor noted above. (See Table 5)

Averages. The average age of the rats was about 40 hours post-

parturition at the beginning of exposure. The average body weight was

about 6; 1 grarns, and the average nurnber of hours of exposure was

3.3 hours. The average ternperature of exposure was 20. OoC.



R

\

R!4
Q.e?
s\
\
Q., .^l(.)1
\s
(J

rlq,
5's$
-\$ 2t22232

EnvironmentoI temperoture
Fig.5 Effect of temperoture upon muscle glycogen in

newborn rots occording to the equotion:
Glycogen =O.l4l (temp.) -O.OO3 (temp.2\ +1.77



t9

DISCUSSION

The rnost obvious observation from this series of experiments

was that liver glycogen was depleted to a greater extent, and rnore

rapidly, when newborn rats were exposed to the cold ternperatures of

2o C and ZZ" C than when they were kept at the nest temperature of

32"C (Table I and Figure 1). This indicated that either synthesis of
.lz

glycogen and/or absorption of carbohydrate frorn the digestive sys-

tern were severely inhibited, or else that utilization of glycogen was

unusually high at the Iow ternperatures. The latter could not be true

because the metabolic rate was below normal during cold exposure as

explained previously (5, p. 358-359). Therefore, it must have been

that, first, the inhibition of synthesis and absorption was great enough

to account for the failure to maintain glycogen; and second, there was

enough dernand for energyr even though the metabolism was low, to

utilize existing glycogen stores.

It is irnportant to rernernber that one would not necessarily ex-

pect these results. It might be thought that the low metabolic rate

would decrease energy requirements to such an extent that glycogen

would be rnaintained for a longer period of time during cold exposure

>F

There is sorne evidence that at least part of
de novo synthesis of glycogen--glyconeogenesis--is
(9, p. 476-477;13, p. 986-987).

the mechanism for
present at birth
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than at higher temperatures. Because that was not the case, it would

seem that torpor, or any decrease in metabolic rate occurring during

cold stress, is not a good way to prolong life indefinitely, at least not

in newborn rats. Rather, it is a means of extending life sornewhat

longer than if the rnetabolic rate had been increased in an atternpt to

maintain a high body temperature. In that case, the limited glycogen

stores of the newborn would have been very quickly exhausted. At

any rate, the animals were in a more precarious position during cold

exposure than at the temperature of the nest.

The need for a source of energy even during torpor was seen in

the anaerobic glycolysis that occurred during exposure to z'c. This

was indicated by the increases in lactic acid (Table 3) and the deple-

ti-on of liver glycogen (Tab1e 1, Figure 1). Lactic acid per se, how-

ever, does not indicate anaerobic glycolysis. Sorne lactic acid in-

crease was observed even at 32' C (Tab1e 3) when the rats were not

anoxic. Also, Domonkos (4, p. .138) reported that certain rabbit mus-

cles produced lactic acid in aerobic conditions.

The rnagnitude of lactic acid accumulation noted herein at 2" C

supports the conclusion that anaerobic glycolysis did occur. Like-

wise, Heathrs finding indicates this (7). He recorded an increase of

lactic acid in whole-body determinations of newborn rats at z. C but

no increase at 30'C.

The anaerobic glycolysis occurring in the liver of newborn rats
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during torpor is probably the same thing that was reported in adult

rnuscle following death (3, p. 110- 113). In both instances, there was

an increase in lactic acid and a depletion of glycogen. Following

death, there was a temporary production of ATP (adenosine triphos-

phate). It was probably the production of ATP during torporousanaer-

obic glycolysis that supplied the energy enabling these newborn ani-

rnals to surwive long periods of anoxia.

Some doubt exists that skeletal rnuscle of newborn rats can rne-

tabolize glycogen due to the lack ofphosphorylase (16, p. 403; 17,

P. 4691. The need for ATP anaerobically suggests that rnetabolisrn of

muscle glycogen rnight have occurred possibly via some route not re-

quiring phosphorylase. Otherwise, the muscles would have been

limited to non-glycogen ATP production since blood circulation ceased

during torpor (5, p. 360). This would make it irnpossible to transport

ATP to the muscles from the liver where glycolysis occurred. Fur-

therrnore, the large decrease in muscle glycogen (Tab1e z, Figure z)

and the large rise in lactic acid (Table 3) would indicate anaerobic

glycolysis in the rnuscle at zo c. However, the failure of muscle g1y-

cogen to faII at ZZ' C (Table 2, Figure 2) might suggest that it is not

normally metabolized.

rt is apparent that the rats at zz" c did not rely upon the anaero-

bic metabolism of glycogen. This was evident by the 1ow lactic acid

level (Table 3) and by the overt observation that respiratory
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rnovements continued during exposure at this temperature. This rneant

that glycogen underwent rrrore.rcomplete oxidation than that taking place

anaerobically at Z'C. The result would be a higher production of ATP

per mole of glycogen. This would be advantageous since the anirnals

at zz' c had a higher rnetabolic rate and hence a higher energy re-

quirernent than those at Z" C.

The very large transient decrease in liver glycogen at one-half

hour exposure to zz" c deserves cornment (Table l and Figure 1). It

rnay have been the result of a litter with an abnormally low va1ue,

since most of the animals were from the same litter in this case. Nor-

rnally more than one litter was represented at each point. on the

other hand, it may have been caused by an initial but brief atternpt to

maintain body ternperature by increased activity, as by shivering.

This would have increased the rnetabolisrn and placed a d.ernand upon

liver glycogen. rt is further possible, though not confirmed. in new-

born rats, that a type of non-shivering therrnogenesis occurred

through the rnediation of nor-adrenalin utilizing non-esterified fatty

acids (5, p. 786; 10, p. 9-10; L4, p. 324-325). This would spare gty-

cogen and, thus, would not be reflected in the glycogen d.ecrease noted

above.

It was irnplied previously that newborn rats passively perrnitted

body ternperature to vary with the environment. The question rnight

arise as to whether there is any other evidence than that indicated in
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the preceding paragraph that the anirnals were capable of regulating

their body temperature. There is some reason to believe that they do

rnake a rather feeble atternpt to rnaintain body temperature during cold

exposure. Poczopko (11, p. 180) found that newborn rats, if slowly

cooled to 25' c maintained a body ternperature 3.5.c above that of the

environrnent for about 40 minutes. salhanick (lz, p. 4) observed. in-

creased locomotor activity when newborn

3oC. On the other hand, Fairfield (5, p.

oxygen consumption at 20. C in rats under

rats were first exposed to

358) observed no increased

three days of age when the

temperature was lowered abruptly. rn the present investigation it

was observed that liver glycogen declined to a rnuch lower level at

22"c exposurethanat 32'c (Tab1e r and Figure 1), even though me-

tabolism was rePortedly depressed at ZZ'C. This might indicate that

there was a dernand for energy which was needed in an atternpt to

regulate body temperature. rt could, however, mean that the cold

inhibited those mechanisms rnaintaining glycogen.

Rats exposed to 32'c exhibited a reaction opposite to those at

ZZ'C. That is, Iiver glycogen initially increased instead of decreas-

i.g (Table l, Figure l). Possiblv this was a response to the stress

of handling. However, the liver glycogen at 3zn c returned to near-

normal Ieve1s at five hours of exposure. This may have been caused

by the depletion of digestible carbohydrate initially present in the di-

gestive tract. rf this were so, then the failure of glycogen to fall
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after five hours would indicate that other factors maintaining gtycogen

were functioning, or that utilization suddenly diminished.. It is ap-

parent that not all the factors involved in glycogen balance were

s tudied.

It seemed clear frorn these experirnents that the content of liver

glycogen was not the only factor involved in resistance to cold stress

by newborn rats. AII rats at 22" c were alive after ten hours of ex-

posure even though liver glycogen content was extremely low during

the last five hours. However, rats at z'C did not survive ten hours

of cold stress although their liver glycogen leve1 seemed. to be higher

(Table I and Figure 1). It was also indicated that younger animals

survived cold better at 2'C than did older ones (Table 4 and Figure 3),

but that older animals had a higher concentration of liver glycogen
JI

(Figure 4). salhanick noted that one day old females survived pro-

longed cold exposure better than did rnales of the same age (lz, p. 3g).

However, the present investigation showed only a slightly greater

glycogen content in fernales than in males, which was not significant

(Tab1e 5). One might conclude that while glycogen utilization was irn-

portant as an energy source to newborn rats under varying terrperature

>!

It is important to know if the apparent affect of time and tem-
perature upon glycogen leve1s was invalidated by the fact that the ex-
perimental animals varied sornewhat in age. The stepwise muttiple
regression analysis showed that glycogen concentration was signifi-
cantly correlated with temperature and time of exposure, as well as
with age (Equations 3 and 4, and Figures 4 and 5). This strengthened
the conclusions stated herein.
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were even rnore irnportant in

exposure.

factors, such as

determining the
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the maturation proces s,

ability to withstand cold
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SUMMARY

Glycogen and lactic acid levels were deterrnined in the liver and

rnuscle of newborn rats exposed to one of the environrnental ternpera-

tures I Z'C, ZZ'C, or 32"C. After rernoval of each anirnal from ex-

posure, it was killed by quick-freezing in dry ice and acetone. Sam-

ples were taken of liver and rnuscle tissue, some of which were ana-

Iyzed for glycogen using the rnethod of Seifter, et aI. (13, p. 986-9891.

Lactic acid deterrninations were rnade on other samples using the

Barker-Surnrnerson rnethod (2, p. 535-5541. In another set of anirnalg

survival tirnes were deterrnined following exposure to temperatures of

Z to 6" C. The results of the experirnents were as follows:

1) In general, during exposure to cold stress, the metabolic

rate and body ternperature decreased (as reported in the literature).

It was determined in this work that glycogen levels feII (Table 1, Fig-

ure 1). This indicated a greater inhibition upon those factors main-

taining glycogen than upon those utilizing it.

Z) The anirnals exposed to 2'C showed a decrease in liver gly-

cogen (Tab1e l, Figure 1) and in rnuscle glycogen (Table Z, Figure Z)

with tirne of exposure, and also a rise in lactic acid concentration

(Table 3). These results indicated that anaerobic glycolysis occurred

in these anirnals, which were in a state of anoxic torpor.

3) At ZZ' C a decrease in liver glycogen was noted with tirne
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(Table l, Figure 1), white muscle glycogen (Tab1e z, Figure z) and

lactic acid (Table 3) rernained relatively unchanged. This indicated.

that rnarked anaerobic glycolysis did not occur and that the animals

oxidized glycogen rnore completely than did those at zo c.

4) Liver (Table 1, Figure 1) and rnuscle glycogen (Table z,

Figure Z) at 32'C showed inrtial increases above norrnal with subse-

quent decreases to about norrnal level. Lactic acid did not accurnu-

late (Table 3). The anirnals may have depteted their store of digesti-

ble rnaterial, while other undetermined factors apparently contributed

to glycogen balance.

5) Analysis of the glycogen data showed that the liver glycogen

was significantly affected by age (Figure 4), square of temperature,

and hours of exposure. Muscle glycogen was significantly deterrnined

by ternperature (Figure 5), square of hours of exposure, and square

of body weight.

6) AIl rats less than 24howrs o1d survived eight hours of expo-

sure to z to 6'c. of those anirnals between 24 and,36 hours of age,

only 20 percent survived eight hours of sirnilar exposure (Tab1e 4,

Figure 3).

7) sex had no significant affect upon glycogen 1evels (Table 5).

8) Maturation, and perhaps other factors, apparently had .'ore

affect upon the ability to withstand. cold than did glycogen levels.
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