
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



iF
eawx.,

yY^ Jar	 w •Y F,t,	 .2^,	 ^	 '^''	 ^ -	 ^^^^ is ^ ^+	 ±	 ^ t^ 4
Pf°	 '1T ..	 ^	 ;.	 ^8	 h	 R' 1E	 S' ..	 } T

///"^^^^ci
	 ^ "i

w	
as *+

^,	 L

u

F	 :

5	
ta

	

	 ^

x
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ABSTRACT

Cosmos 1129 Experiment K-316 was conducted jointly by USA and USSR

investigators in 1979 to exramine the effects of 18 . 5 days of weightlessness

on the body composition of young, growing, male laboratory rats. Three

groups of 5 rats each were examllAed. One group, designated Flight rats,

experienced 18.5 days of Earth orbital spaceflight in the unmanned Soviet

biological satellite, Cosmos 1129, before being sacrificed for dissection

and biochemical analysis. A eecond group, designated as Synchronous Control

rats, spent 18.5 days in a Cosmos spacecraft mockup on the ground under

ambient conditions similar to those experienced by the Flight rats, save for

spaceflight, before sacrifice for analysis. A third group, designated as

Vivarium Control rats, were maintained under standard animal colony condi-

tions before sacrifice for analysis.

The measurements made on the individual rats of each of the three groups

are presented, together with statistical analyses of the data. Each rat was

analyzed for major body organ masses. Water and fat contents of the 3 major

x	 body components, skin, viscera, and carcass were measured separately, and were

combined to yield body water and fat contents for each rat. Body nitrogen,

calcium, phosphorus, potassium, sodium, magnesium, and creatine contents were

measured by direct biochemical analysis of the dried, fat-free body powder

for each rat.

The results from Experiment K-316 indicate that exposure of young,

growing, male rats to 18.5 days of weightlessness produces

e No effect on the quantity of fat stored by the body.

o Possibly a slight reduction in the quantity of fat-free tissue
laid down by the body.
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• A small, but highly significant, reduction in the fraction
of water contained by the fat-free body mass.

• A simil€:r reduction in the friction of water contained by
the fat-free skin and fat-free carcass.

• A shift in relative distribution of the total body water from
skin to viscera.

• A marked diminution in the fraction of extracellular water
contained by the fat-free body.

• No effect on the fraction of total skeletal musculature
contained by the fat-free body, as indicated by body creatine
content.

• A sizeable reduction in the fraction of bone mineral contained
by the fat-free body, as calculated .-om body calcium content.

Many of these findings are in accord with observations made on human

astronauts after experiencing prolonged periods of weightlessness. Thus,

the laboratory rat can serve well as an animal model to study some aspects

of the effects of the weightlessness of space flight; in greater detail than

is either feasible or desirable in man. Such studis,-µ, properly controlled,

will be of great importance in illuminating the nature of the physiological

changes induced by unloading from Earth gravity in the mammalian organism.

1
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INTRODUCTION

The present report represents a supplementation of previous papers which

describe findings from a joint 1979 USSR/USA Cosmos 1129 experiment to study

the effects of weightlessness on body composition in the rat (5, 7-9).

Professor Arkadyi S. Ushakov of the Institute of Biomedical Vroblems, USSR

Ministry of Health, Moscow was primarily responsible for thi s. design and

execution of the experiment, and served as overall principal investigator.

Professor Grover C. Pitts of the Department of Physiology, University of

Virginia, Charlottesville, served as principal .investigator for the USA

component. The other investigators involved were Dr. Tamara A. Smirnova of

the Institute of Biomedical Problems, .Professor Nello Pace and Dr. Donald F.

Rahlmann of the Environmental Physiology Laboratory, University of California,

:Berkeley, and Professor Arthur H. Smith of the Chronic Acceleration Laboratory,

University of California, Davis.

The experiment was entitled "Effects of weightlessness on body composition

in the rat", and was designated Experiment No. K-316. It involved the measure-
ment of organ masses and biochemical composition of 5 young male rats sacri-

ficed after spending 18.5 days in Ba7,th orbit in the Cosmos 1129 spacecraft.

The data wer+a compared with similar, measurements made on two groups of control

animals. The 5 Synchronous Control vats were kept in a spacecraft mockup

under ambient conditions similar to those experienced by the Flight rats, and

were subjected to acceleration and noise transients similar to those that

occurred duriug launch and reentry of Cosmos 1129. The 5 Vivarium Control

rats were kept under more typical laboratory animal colony conditions.

Travel of the USA investigators to the USSR was provided_ through

Contract NAS2-10195 between NASA and the University of Virginia. Support

for the biochemical analyses carried out by the Environmental. Physiology
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Laboratory was provided from .NASA Grant NSG-7336,

Constraints on space allowed for presentation of results in scientific

Journals precluded the inclusion of the individual data items for each animal

studied, and only the mean values for each group of 5 rats were given in the

published pa,)ers. However, the individual values are deemed to be of sufficient

importance to warrant recording in the form of the present report because of

the unique spaceflight opportunity represented.

EXPERIMENT CONDITIONS

At 1830 Moscow time on 25 September 1979 a Soviet biological satellite,

designated Cosmos 1129, was launched into an elliptical Earth orbit from the
z
a

Nortf Cosmodrome, Plesetsk, USSR. The orbit was inclined 62.8° from the

Equator with an apogee of 406 km, a perigee of 226 Icm, and a period of 50.5 min.

At 0800 Moscow time on 14 October 1979 Cosmos 1129 landed near the city

of Kustana in Central Asia. The payload was successfullyY	 P Y	 Y :recovered by a

Soviet team within a few hours after experiencing 18.5 days of weightlessness.

Cosmos 1129 carried biological and radial;ion physics experiments from

9 countries, including 14 1- gym the USA. Among the biological specimens were

30 young, growing, male Wistar specific-pathogen-free rats supplied by the

Institute of Experimental Embryology of the Slovak Academy of Sciences,

Bratislava, Czechoslovakia. The animals were born on 4 June 1979 t 1 day,

and were transferred to the Institute of Biomedical Problems, Moscow, on

23 August 1979 at age 80 ± l days. Thus, , at launch on 25 September 1979 the

rats were 113.± l days of age, and at reentry on 14 October they were 132 t 1

days of age.

The 30 Flight rats were arbitrarily divided into 5 groups of 5 to 7 rats

in each group, and assigned to various experiments. On 10 September 1979,

15 days before launch, the rats were put in individual cages measuring
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18 x 18 x 12,5 cm and placed on a special paste flight diet. Each animal	

N
received 40 grams of the diet once daily until launch. The Soviet paste

diet consisted basically of 60A: water and 40% of a casein-sucrose-starch -oil

mixture with vitamins and minerals added, Its characteristics have been

described separately in-detail (4).
	 2

During the flight the rats occupied individual cylindrical chambers

20 cm in length and 10 cm in diameter. Paote diet was supplied to each

animal in 10-gram lots 4 times daily at 6-hr intervals. Water was provided

ad Zibi wn. Each chamber was continuously ventilated w;tth spacecraft atmosphere

maintained at 22-25°C, 56-66% relative humidity, and 750-810 torr total pressure.

P02 was 135-212 torn, PCO2 ranged to 7 Corr, with N 2 making up the rest.

Lighting for each chamber at a level of 2 lux was provided from 0800 to 2000.

A group of 100 Vivarium Control animals of the same age and from the same

source as the Flight animals was kept in the Institute of Biomedical Problems

vivarium under similar ambient thermal an,,;, lighting conditions. However,

these animals were housed 3 to a cage measuring 55 ;x 20 x 33 cm and received

one portion of 120 grams of paste diet for all 3 animals once daily at 0900.

A group of 30 Synchronous Control animals of the same age and from the

same source as the Flight and Vivarium Control rats was placed 3xi individual

cylindrical chambers in a spacecraft mockup at the Institute of Biomedical

Problems on 30 September 1979, 5 days after launch of the Flight group. The

animal holding units were subjected to a vibration frequency of 50-70 Rz at

an amplitude of 0.4 mm and a noise level of 110 db for 10 min. Immediately

after, the units were subjected to centrifugal acceleration for 10 min during

which a plateau of 4 g was maintained for 7 min.

The Synchronous Control rats were kept in the spacecraft mockup under

the same ambient thermal and lighting conditions and dietary regimen as the
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Flight animals for 18.5 days until 13 October 1979. At that time, the animal

holding units were subjected to centrifugal acceleration for 5 min to a 6 g

plateau for 3 min, and then subjected to an impact shock of 50 g with a

10 msec duration.

Experiment K-316 was assigned a group of 5 Flight rats, designated as

Group 5. The individual animals were identified as F-26, F-27 0 F-28, F-29

and F-30. Similarly, a group of 5 Vivarium Control rats, designated as V-26,

V-27 9 V-28, V-29 and V-30, was assigned to Experiment K-316. Also, a group

of 5 Synchronous Control rats, designed as S-26, S-27, S-28, S-29 and S-30,

was assigned to Experiment K-316.

Although the Flight rats landed near Kustanay at 0800 on 14 October 1979,

the K-316 Flight animals did not arrive at the Institute of Biomedical

Problems in Moscow until 1600 an 15 October 1979. The animals had each

received 40 grams of paste diet at 1800 on 14 October. The general condition

of the anima l s appeared to be .excellent. Animal F,-26 was sacrificed for

dissection at 1645 on 15 October, and the other 4 Flight animals were sacri-

ficed at hourly intervals thereafter. Thus, the K-316 Flight rats were

sacrificed 36 ± 2 hr after reentry of Cosmos 1:129, and 25 ± 2 hr after the

Last feeding, at age 133 t 1 days.

The K-316 Vivarium Control animals received their last feeding at 0900

on 16 October 1979, and rat V-26 was sacrificed for dissection at 1030 on

17 October 1979 with the others following at hourly intervals, Thus, the

K-316 Vivarium Control rats were sacrificed 27 ± 2 hr after the last feeding

at age 135 f 1 days.

The K-316 Synchronous Control rats were removed from the spacecraft

mockup on the morning of 19 October 1979, and each received 20 grams of paste

diet at 15C 'O on that day. Animal S-26 was sacrificed for dissection at

i

E

b

e..era'3^"'A:___.... ...........^.eb:_.,^,e.^ .•^..mr..Y.,..atl^'u..x..	
.. ^ ,.



-7—

1000 ci 20 October 1979 with the others following at hourly intervals. Thus,

the K-316 Synchronous Control rats were sacrificed 21 ± 2 hr after the last	 t

feeding at age 1381 1 days.

DISSECTION AND BIOCHEMICAL ANALYSIS PROCEDURES

The procedures employed for the dissection and biochemical analysis

performed on the K-316 rats were developed by the Environmental Physiology

Laboratory under NASA Grant NSG-7336 for a study of gravitational scale

effects in laboratory mammals, and have been described elsewhere in detail (3).

A schema for the determinations made is shown in Fig. 1.

In essence, the animal is sacrificed by etherization and total body mass

is measured. The animal is sheared and the major organ maa ges are determined

as dissected. The organs are pooled as combined viscera, and subsequently

treated as one of 3 major body components. The sheared skin and the skinned,

eviscerated carcass comprise the other 2 major body components. It is worthy

of note that the skinned, eviscerated carcass represettta the musculoskeletal

weight-bearing system of the body.

Water and fat contents of each of the 3 major components are determined

by lyophilization and petroleum ether extraction, respectively. The dried,

defatted residues are combined, comminuted finely, and thoroughly mixed to

produce a dried, defatted body powder for each animal. Analyses of 1-gram

portions of the powder are carried out for the major body elements and

creatine content.

From the analytical data it is possible to derive values for a number
of body composition parameters. Net body mass is obtained as mass of the

total body less those of hair and of contents of the gastrointestinal tract

and bladder. Body fat mass is measured as the sum of carcass, viscera and

skin fat masses. Fat-free body mass is derived as the sum of carcass, viscera
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FIG, 1 - EPL Schema for Animal Dissection and Biochemical Analysis
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and skin fat-free masse%. Body water mass is obtained as the sum of carcass,

viscera and skin water masses. Dry, fat-free body` kAasa is derived as the sum

of dry, fat-4ree carcass, viscera and skin masses.

Body colt mass is computed as 228 times body potassium mass. Intra-

cellular water mass is obtained as 0.73 times the body cell mass. Extracellular

water mass is derived as body water mass minus intract^lular water mass.

Blood mass is computed as 0.07 times the net body mass. Body protein mass

is estimated as 6,25 times body nitrogen mass. Bone mineral mass is computed

a4 2.93 times 'body calcium mass. Because the bulk of the body crestine is

contained in skeletal muscle, the body creatine mass serves as an index of the

skeletal muscle mass.

It was agreed by the USSR and USA investigators for Experiment K-316 that
ta.

the animal dissections would be carried out by Dr. Donald F. Rahlmann of the

Environmental Physiology Laboratory because of his extensive experience with

the procedure. Accordingly, he and Professor Pitts arrived in Moscow on 	
if

11 October 1979 to prepare for the return of the Fligbt rats on 15 October 1979.

Staff members of the Institute of Biomedical Problems carried out the

weighing procedures as the dissections progressed, and the lyophiliration and

petroleum ether extractions were performed by them as soon as the dissections

were completed for each group of animals. As a result, the dried, defatted

body powders for all 15 animals from Experiment K-316 were prepared by

27 October 1979, when professor Pitts left Moscow for Berkeley via Tokyo with 	
i
i

aliquots of the 15 animal powders and all the body water and fat content data.

Special praise must be given to our USSR scientific collaborators for the 	 1

dispatch and completeness with which the results and materials from Experiment
1

K-316 were obtained and shared.

The 15 animal powders delivered by Professor Pitts were analyzed by the

staff of type Environmental Physiology Laboratory, and the results were sent
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to the Institute of Biomedical Problems for evaluation and comparison with

parallel analyses perfo,-4ed by their personnel. The data contained in the

present report include the organ mass measurements and water and fat content

determinations made in Moscow, together with the biochemical analysis results

obtained in Berkeley for each of the 15 rat subjects of Experiment K-316.

RESULTS'

The total body masses of the 15 Experiment K-316 rats on 24 September

1979 0 the day before launch of Cosmos 1129, are given in column 2 of Table 1.

On this date the animals were 117, + 1 days of age. The means and standard

deviations (S.D.) for the Flight group, the Synchronous Control group, and 	 t

the Vivarium Control group are shown. There were no statistically significant

differences between the mean total body masses of the 3 groups of 5 rats inch. 	 i

The total body masses of the 5 Flight rats were determined on 14 October

1979, the day of ,ree ntry of Cosmos 1129, when the animal s were 132 1 days

old, and are shown in column 3 of Table L. The total body masses of the Flight

rats at sacrifice for dissection the next day on 15 October 1979 0 when the

animals were 133 t 1 days old, are shown in column 4 of Table 1.

Inasmuch as the initiation of occupancy of the spacecraft mockup by the

5 Synchronous Control rats was offset by 5 daye later than that of Cosmos 1129

by the Flight rats, the total body masses of the Synchronous Controls were not
r

mean- red again until their removal from the mockup on 19 October 1979, when
x,

the animals were 137 t l days old. These "postflight ! values are given in
j{

column 3 of Table 1. The total body masses of the Synchronous Control rats at

sacrifice for dissection the next day on 20 October .1979, when the Animals	 q^

were 138 t 1, days old, are shown in column 4 of Table 1.

The tots;^. body masses of the Vivarium Control rats were measured on

16 October 1979, when the animals were 1341 1 days old, to provide the
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O'postflight" values listed in column 3 of Table 1. The total body masses of

the Vivarium Control rats at sacrifice for dissection the next day on 17 04tober

1979, when the animals were 135 f 1 days old, are given in column 4 of Table 1.

The independent t-test (6) was applied to the data in columns 2 and 3 of

Table 1 to determine tk,e statistical significance of the differences between

preflight and postflight mean values. As shown in Table 2 all 3 groups of

rats gained body mass significantly at the P <.001 level during the period of

Experiment K-316. The coefficient of variation (C.V.) is also given for each

mean value.

The body mass accretion in grams from preflight to postflight for the

individual animals is given in column 5 of Table 1, and column 6 shows the

per cent increase in prefli ght total body mass represented by the accretion

in each case. Application ofthe t-test to the data in column 5 revealed that

the Flight Group gained *ignificantly less body mass than did either Control

Group, and that the two Control groups did not differ significantly from each

other, as indicated to Table 3.

However, a longer growth period had elapsed between the preflight and

postflight measurements in the two Control groups than in the Flight group;

namely, 25 days for the Synchronous Controls and 22 days for the Vivarium

Controls as compared to 20 days for the Flight animals. Accordingly, the body

accretion rate in grams per day was computed for each rat, and is shown in

column 7 of Table 1.

Comparison of the rate of increase in total body mass among the 3 groups

of rats by independent t-test is made in Table 4, where it may be seen that

there was no statistically significant difference between the Flight group

and the Synchronous Control group, or between the Synchronous Control group

and the Vivarium Control {.,;rump. On the other hand, the P value of 0.051

i
1
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indicated that the Flight group verged on exhibiting a significantly lower

rate of increase in total body mass than did the Vivarium Control group.

Column 8 of Table 1 lists the differences in total body mass between

the postflight value and the value at sacrifice for dissection the following

day. Application of the t-test revealed that all three ^roups of rats lost

total body mass significantly in this period, as shown in Table 5. The loss

in body mass is ascribable to the fact mentioned earlier that the animals

received no food during the 24-hr period before sacrifice.

The individual dissected organ massca for the 5 Flight rats are listed

in Table 6. Aso shown are the mean, standard deviation (S.D.) and coefficient

of variation (C.V.) values for each organ system. Similar data are given for

the 5 Synchronous Control rats in Table 7, and for the 4 Vivarium Control

animals in Table 8.

s
Statistical comparison of the mean values for organ masses of the Flight

rats with those of the Synchronous Control rata is presented in Table 9. 	 The

mean and coefficient of variation for each group are given in columns 2 to 5.

The absolute difference of the Flight mean from the Synchronous Control mean

is shown in column 6, and the percentage that the difference represents from

the Synchronous Control mean is listed in column 7.	 The probability, P, that

the Flight mean is the same as the Synchronous Control mean, as computed by

the independent t-test (6), is shown in column 8.	 The means were considered

i
to be sio:+ixicantly difierent if the value of P was less than 0.05. 	 Similar

comparison of the mean organ masses between the Flight rats and the Vivarium

Control rats appears in Table 10, and between the Synchronous Control rats

and the Vivarium Control rats in 'fable 11.

As may be seen in Table 9, there was little difference in individual

organ system masses between the Flight rats and the Synchronous Controls.

f

7{

{
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Mean spleen mass was 13% less, and mean skin mass was 12% less, in the Flight

rats. Alao, mean net body mass was 4% less in the Flight rats. In1xbrjmuch as

blood mass was computed directly as 0.07 x net body mass, it too was 4% less.

Because of wide differences in fat content among the various organ systems,

little in the way of physiologic interpretation may be made from these data.

It is of interest, however, to point out that there was no significant differ-

ence in mean adrenal mass between the two groups, implying the absence of

overt chronic stress response in the Flight rats relative to the Synchronous

Controls.

Table 10 reveals that mean masses of liver, digestive tract, abdominal

fat, and neck glands were all substantially larger for the Flight rats than

for the Vivarium Control rats. As will be shown below, these differences are

probably ascribable to the much higher body fat content of the Flight rats.

Again, however, mean skin mass of the Flioat rats was 9% less than that of

the Vivarium Controls, and there was no significant difference in mean adrenal

masses between the twc groups.

Comparison in Table 11 between the Synchronous Control rats and the

Vivarium Control rats shown similar differences among the organ systems which

act as fat depots. Otherwise, there were no statistically demonstrable

differences.

The water and fat contents of the 3 major body components, carcass,

viscera and skin, together with the net body sums, are listed in Table 12

for each of the 5 Flight rats. Similar data are given in Table 13 for the

5 Synchronous Control rats, and in Table 14 for the 5 Vivarium Control rats.

Comparison of the mean values for each of the 3 components and for the

net body as a whole between the Flight rats and the Synchronous Control rats

is made in Table 15. It may be seen that there was no significant difference
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in fat content of any of the 3 components, or for net body as a whole between

the two groups. However, the mean fat-free body mass of the Flight rata was

6% less than that of the Synchronous Controls, and the mean fat-free skin

mass was 15% less. There were no differences in mean dry fat-free masses,

but both mean carcass water and mean skin water masses of the Flight rats

were substantiall less than those of the Synchronous Controls.

A similar comparison between the Flight rats and Vivarium Control rats is

given in Table 16, and even greater differences are evident. Most strikingly,

the mean fat contents of all 3 major body components were much higher in the

Flight rats than in the Vivarium Controls. Furthermore, the mean fat-free

masses of both carcass and skin, but not of viscera, were substantially lower

in the Flight rats, resulting in a mean fat-free body moss 11X lower in the

Flight rats. Both dry fat-free mass and water mass were less in the Flight

rats.

The comparison between the Synchronous Control rats and the Vivarium

Control rats shown in Table 17 reveals again that the mean fat contents for

the Synchronous Controls were considerably greater than for the Vivarium

Controls. Also, the mean fat-free body mass of the Synchronous Controls was

5% less than that of the Vivarium Controls. However, this difference was less

marked than that between the Flight rats and Vivarium Controls, and involved

only the carcass.

Because of the age differences in the 3 groups of growing rats at sacri-

fice, it is difficult to interpret the physiological significance of the

absolute differences in water and fat content noted. Therefore, the fat and

water contents of the 3 major body components were expressed as percentages

in Tables 18-20 for the Flight rats, Synchronous Control rats, and Vivarium

..:	 Control rats, respectively. Each table gives the percentage of fat in each

of the 3 major body components, and in the net body as a whole. It also shows

i
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the percentage of the total body fat iontained in each of the 3 components.

Each table includes the percentage of water in the fat-free mass of each of

the 3 components, and in the fat-free body mass as a whole. Finally, the

percentage of the total body water bound in each of the 3 major body components

and in the blood is given in the last section of the tables. The simplifying

assumption that blood is 100% water was made in the last instance.

Table 21 exhibits the statistical comparisons of the mean fat and water

percentage values between the Flight rats and the Synchronous Control rats.

It may be seen that there was no significant difference in fat content or in

relative body fat distribution between the two groups of animals. On the

other hand, the water contents of the fat-free carcass and fat-free skin were

lower in the Flight rats than in the Synchronous Controls. The differences

were small but highly significant. At the same time the water content of the

fat-free viscera was not significantly different in the two groups, so that the

water content of the fat-free body as a whole was lower in the Flight animals.

The relative body water distribution indicated a significantly greater fraction

of the total body water in the viscera and a significantly lesser fraction in

the skin of the Flight rats compared to the Synchronous Controls.

Comparison of the mean fat and water percentages of the Flight rats with

the Vivarium Control rats is made in Table 22. It is evident that the fat

content of the Flight animals was almost double that of the Vivariur. Controls,

with essentially the same relative distribution of fat among the 3 major body

components. Once more, the water content of the Flight rats was significantly

lower than that of the Vivarium Controls, and there was relatively more of

the body water in the viscera and less in the 'skin and carcass of the Flight

rats.

The mean fat and water percentage values for the Synchronous Control rats

and the Vivarium Control rats are compared statistically in Table 23. The

N
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Synchronous Controls contained 76% more fat than did the Vivarium Controls,

with no differences in the relative distribution of the body fat among the

3 major body components. In contrast to the case of the Flight rats, however,

there were only very slight differences in water content and relative water

distribution between the Synchronous Controls and the Vivarium Controls.

Results of the analyses of the dry, fat-free body powder of each of the

5 Flight rats are given in Table 24. The parameters measured comprised nitrogen,

calcium, phosphorus, potassium, sodium, magnesium, and creative. From these

analytical measurements values were derived for total body protein, body cell

mass, intracellular water mass, extracellular water mass, and bone mineral

mass. Similar results for the 5 Synchronous Control rats are shown in Table 25,

and for the 5 Vivarium Control rats in Table 26.

Statistical. comparison of the mean absolute masses of these body constit-

uents among the 3 groups of rats is made in Tables 27-29. However, while a

number of significant differences are noted, physiological interpretation of

the differences is made difficult because of the age differences among the

3 groups. Therefore, the body content of the constituents was expressed as

percentages of the fat -free body mass so that more meaningful comparisons

could be made.

The percentage composition of the fat -free body mass of each of the 5

Flight rats is listed in Table 30. The same parameters for the 5 Synchronous

Control rats are shown in Table 31, and for the 5 Vivarium rats in Table 32.

The meau percentage values for the fat-free body mass of the Flight rats

are compared - statistically in Table 33 with the mean values of the Synchronous

Controls, where numerous significant differences in relative composition of

the fat-free body mass are evident. As noted earlier from Table 21, the

water content was lower for the Flight rats, so that the dry matter content

N'^
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was relatively higher. Nitrogen, potassium, and creatine contents were

relatively higher, while calcium and sodium contents were relatively lower

in the Flight rats. The derived values indicate that body protein, body

cells, and intracellular water contents were higher, and that extracellular

water and bone mineral contents were lower in the Flight rats.

Qualitatively similar findings were noted when the comparison was made

between the Flight rats and the Vivarium Control rats, as shown in Table 34.

The only exceptions were that there were no statistically demonstrable

differences in nitrogen and sodium contents between the two groups, and that

magnesium content was lower in the Flight rats as compared to the Vivarium

Controls.

The results were quite different when the comparison was made between the

Synchronous Control rats and the Vivarium Control rats, as given in Table 35.

Here only sodium content of the fat-free body mass was somewhat higher for the

Synchronous Controls, and magnesium and creative contents were lower. There

were no significant differences in body protein, body cells, total water,

intracellular water, extracellular water or bone mineral contents.

Table 36 shows the mass and water and dry matter composition of the con-

tents of the digestive tract for each of the 15 rats of Experiment K-316. Stat-

istical comparison of the mean values among the 3 groups of animals is made in

Table 37. It may be seen that there were no demonstrable differences between

the Flight rats and the Synchronous Control rats. 'However, the digestive tract

of the Flight rats apparently contained more material with relatively less water

than did that of the Vivarium Control rats. Although there were no statistically

significant differences in composition of the digestive tract contents of the

Synchronous Control rats compared to the Vivarium Control rats, it is noteworthy

that in every instance the differences tended to be in the same direction as

the differences between the Flight rats and the Vivarium Controls.

al
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DISCUSSION

The theoretical design of Experiment K-316, intended to examine the

effects of 18.5 days of weightlessness on the body composition of rats, was

sound. The body composition of 5 rats which had flown in Earth orbit aboard

Cosmos 1129 was to be determined immediately postflight by dissection and

biochemical analyses. The results from the Flight rats were to be compared

with analyses . a second group of 5 Synchronous Control rats of the same age,

which were to have been kept under similar ambient conditions and on the same

diet in a Cosmos spacecraft mockup for the same length of time as the Flight

rats. Finally, both of these sets of results were to be compared with analyses

of a third group of Vivarium Control rats of the same age, which were to have

received the same diet but kept in standard animal colony cages.

However, at least three perturbations of the theoretical design appear

to have occurred in the course of the experiment, and which must be taken into

account in the interpretation of the analytical results obtained. One perturbs-

tion was an unanticipated delay in the return of the Flight rats from the Cosmos

landing site near Kustanay in Central Asia to the Institute of Biomedical

Problems in Moscow, where the animals were sacrificed for analysis. Thus,

instead of the animals being sacrificed a few hours after return to normal

Earth gravity as originally planned, they were not sacrificed until 36 1 hours

after landing.

Concern that possible physiological changes which may have occurred in

weightlessness might have been reversed by the time of sacrifice is mitigated

by the likelihood that the time constants for body composition changes are

relatively long. On this basis, the worst consequence of the delay was probably

a partial abatement in magnitude of the changes induced by the weightlessness

exposure. However, the qualitative pattern of the changes was most likely

11.	 -
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not affected by the postflight delay.

A second perturbation was the lag of 5 days between the end of the

Cosmos 1129 flight and the end of the Synchronous Control period. Because

all the rats were of the same age at the start, this resulted in the Synchronouo

Control rats being 5 days older than the Flight rats at the time of sacrifice.

Likewise, the Vivarium Control rats were 2 days older than the Flight rats

at sacrifice.

On the day of launch all the rats were 113 f 1 days of age, and the

Flight rats were 1331 1 days of age at sacrifice, the Vivarium Control rats

were 135 t 1 days of age at sacrifice, and the Synchronous Control rats were

138 ± 1 days of age at sacrifice. Rats in this age range are still actively

growing, and it is apparent from the data in Table 1 that in their last 5 days

the Synchronous Control rats probably gained about 3.5% in total body mass.

Thus, direct comparison of the body composition parameters between the Flight

group and the Synchronous Control group could be misleading.

Consequently, the device was adopted of making the critical comparisons

between groups on the basis of the percentage compositions rather than the

absolute values. Body fat was expressed as percentage of net body mass, and

the other composition parameters were expressed as percentage of fat-free

body mass. The one important parameter of interest which could not be

compared in this fashion was the fat-free body mass itself.

In order to estimate the magnitude of the effect of 5 days of additional

growth in the Synchronous Control rats recourse was had to unpublished data

from the Environmental Physiology Laboratory on the body composition of normal

Simonsen Albino rats at different ages. Comparison of male rats 90 days of age

with animals 150 days of age reveals that body mass growth occurred at the rate

of 2.3 g/day. Of this, body fat accretion occurred at the rate of 0.9 g/day

while the fat-free body mass increased at the rate of 1.4 g/day. Thus, for

N
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this age range the body mass growth increment in male rats is 40% fat and

60% fat-free mass.
7!

From the data in Table 1 0 it may be seen that the Synchronous Control

rats grew at the rate of 2.49 g/day from age 112 ± 1 days to age 137 t l days,

and it may be estimated that in the last 5 days they added 5 x 2.49 g/day n

12.45 g of body mass. If it is assumed that 40% was fat and 60% was fat-free

mass, then it may be said that the Synchronous Controls gained 4.98 g of body

fat and 7.47 g of fat-free body mass during this period.

In Table 13 it may be seen that the mean fat-free body mass of the

Synchronous Control rats at sacrifice was 288,35 g. Hence, 5 days earlier

their fat-free body mass is estimated to have been 288.35 g - 7.47 g - 280.88 g.

This value may be compared with the mean value of 271.65 g for the fat-free

body mass of the Flight rats from Table 12. Thus, the mean fat-free body mass

of the Flight rats was perhaps 9.2 g, or about 3.3%, less than that of the

Synchronous Controls at the same age. However, the statistical validity of

this approximation is indeterminate with the data available. In any case,

it would appear that any difference in fat.-free body mass between the Flight

rats and the Synchronous Controls was small to non-existent.

A third perturbation of the theoretical design of Experiment K-316

concerns the possibility of a difference in the diet made available to the

Flight rats and Synchronous Control rats on the one hand, and to the Vivarium

Control rats on the other. All 3 groups of animals were to have received

identical quantities of the Soviet paste diet developed for Cosmos flight

experiments. However, the body composition results summarized in Tables 15-17

strongly suggest that the Vivarium Control rats received a diet different from

h

	 that received by the Flight rats and the Synchronous Control rats.

A characteristic of the Soviet paste diet is that it results in a

E	 substantially higher body fat content and lower fat -free body mass in rats

f
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of this age range when fed over the period involved in Experiment K-316. It

has been shown (4) that rats receiving the Soviet paste diet contain 52% more

body fat and have a 16% less fat-free body mass than do rats fed a standard

rat colony diet.

From the data in Tables 16 and 17 it may be seen that the Flight rats had

90% more body fat and an 11% smaller fat-free body mass than did the Vivarium

Controls. Likewise, the Synchronous Control rats had 79% more body Ut and

a 5% smaller fat-free body mass than did the Vivarium Controls. These marked

differences in fat and fat-free masses suggest that the Vivarium Control rats

may have received a diet significantly different from that received by the

other two groups -- one much more like a standard rat colony diet than like the

Soviet paste diet. Thus, any conclusions concerning the effects of weightless-

ness on body fat content and fat-free body mass should be based on comparisons

	

betweep:	 Flight group and Synchronous Control group only.

	

At	 same time, the study of the effects of the Soviet paste diet on

body composition in the rat (4) also revealed that there was little to no

difference in the fractional composition of the fat-free body masse Hence,

it seems appropriate to include the Vivarium Control rats in comparisons to

establish possible effects of weightlessness on the relative composition of

the fat-free body mass, as was done in Tables 33-35.

As pointed out earlier from the data shown in Table 35, there was little

difference in the relative composition of the fat-free body mass between the

Synchronous Control rats and the Vivarium Control rats. Relative sodium

content was 4% higher and relative magnesium content was 10% lower in the

Synchronous Controls, perhaps reflecting dietary differences. On the other

hand, relative creative content was 8% lower in the Synchronous Controls than

in the Vivarium Controls, and this could well be indicative of a lesser

skeletal muscle Maass in the Synchronous Controls at the time of sacrifice.

a
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Such a finding conforms well with the restraining influence of the small

dimensions of the individual habitat chambers of the Cosmos spacecraft which

the Synchronous Control rats occupied for 18.5 days prior to sacrifice.

In contrast to the rather slight differences in relative composition

of the fat-tree body mass of the two Control groups seen in Table 35 0 the

Flight rats exhibited numerous divergences from the Control animals as shown

in Tables 33 and 34, Furthermore, the pattern of statistically significant

differences between the Flight animals and the Synchronous Controlso Table 33,

is strikingly similar to the pattern of differences between the Flight rats

and the Vivarium Controls, Table 34.

Relative water content of the fat-free body mass was consistently lower

in the Flight animals, and the reason for this may be sought in the composition

of the 3 major body components, the carcass, viscera and skin.	 In Table 21

it may be seen that the relative water contents of fat-free carcass and skin

of the Flight rats were less than those of carcass and skin of the Synchronous

3y

Controls.	 It may also be seen that viscera contained a higher proportion of

the body water, while skin contained a lower proportion, in the Flight animals.

Similar differences in pattern of body water distribution between the Flight

rats and the Vivarium Controls may be noted in Table 22.

From these results it may be concluded that the Flight rats experienced k
4

a small, but significant, net loss of body water together with a shift of

body water distribution from skin to viscera.	 The conclnsion is consistent

with the hypothesis that in man in wal.ghtlessness a shift of body fluid occurs

from the extremities to the upper body, together with a net loss of water from

the body (2).

Another indication of an altered body fluid balance as a result of

ekposure to weightlessness is given by the markedly lower extracellular water
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sass of the body of the Flight rats,	 From Tables 27 and 28 it may be seen

that the mean absolute extracellular water mass of the Flight rats was 36%

less than that of the Synchronous Controls and 35% less than that of the

Vivarium Controls, far exceeding any possible discrepancies because of the

age differences among the three groups of animals, 	 This finding is borne

out by the comparisons of relative composition of the fat-free body mass shown

in Tables 33 and 34, where it may be seen that the fraction of the fat-free

body mass represented by extracellular fluid wan indeed substantially lower,

by about 30%. in the Flight rats,

An unexpected divergence of the findings for the Flight rats In compar-

ison to the two Control groups was in the significantly greater fraction of

the fat-free body mass represented by creatine, protein, and body cells in

the case of the Flight animals, as seen in Tables 33 and 34. 	 Particularly

striking was the correspondence between creating ) representing the skeletal

musculature, and body cell mass as derived from body potassium measurements.

The creatine fraction of the fat-free body mass of the Flight rats was 16%
t

greater than that of the Synchronous Controls while the body cell fraction was if

15% greater.	 Similarly, the creatine fraction of the Flight rats was 7%
f

greater than that of the Vivarium Controls while the body cell fraction was

11% greater.	 Thus, it may be concluded that there was no evidence of diminution

of the gross skeletal musculature in the Flight rats of Experiment K-316.

At first sight this finding would seem to be in disagreement with well-

established observations of atrophic changes in certain antigravity muscles, u

such as the coleus, of rats after 2-3 weeks of spaceflight. 	 However, it has

also been found that the large, mixed-fiber muscles such an the quadriceps, r.

biceps and gPstrocnemius, failed to show significant weight changes (1). 	 Thus, i

atrophic decreases in the mass of antigravity muscles could well be indis-

tinguishable as a change in mass of the skeletal musculature as a whole.

y
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The final major difference in body composition of the Flight rats from

that of the two Control groups to be noted in Tables 27 and 28 was the

substantially looser body calciva content of the Flight rats, which translates

as a bone mineral mass 22% leas in the Flight rats than in the Synchronous

Controls, and 28% less than in the Vivarium 'Controls. Again, these differences

far exceed any possible discrepancies be Ouse of age differences among the

three groups of animals, as may be seen in the comparisons of relative compo-

sition of the fat-free body mass shown in Tables 33 and 34 Bone mineral

represented a 17% lower fraction of u: a fat-free body in the Flight rats

compared to the Synchronous Controls, and a 19% lower fraction compared to

the Vivarium Controls. Hence, there seems little doubt that the Flight raLM

of Experiment K-316 laid down considerably less bone during the 18.5 days of

weightlessness than did the animals of either Control group.

In summary, the results from Experiment K-316 indicate that exposure of

young, growing, male rats to 18.5 days of weightlessness produces

r No effect on the quantity of fat stored by the body.

• Possibly a slight reduction in the quantity of fat-free tissue
laid down by the body.

• A small, but highly significant, reduction in the fraction of
water contained by the fat-free body mass.

C. A similar reduction in the fraction of water contained by the
fat-free skin and fat-free carcass.

e A shift in relative distribution of the total body water from
skin to viscera.

o A marked diminution in the fraction of extracellular water
contained by the fat-free body.

o No effect on the fraction of total skeletal musculature contained
by the fat-free body, as indicated by body creatine content,

a A sizeable reduction in the fraction of bone mineral contained by
the fat-free body, as calculated from body calcium content.

l
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Many of these findings are in accord with observations made on human

astronauts after experiencing prolonged periods of weightlessness. Thus, the

laboratory rat can serve well as an animal model to study some aspects of

the affects of the weightlessness of space flight in greater detail than is

either feasible or desirable in man. Such studies, properly controlled,

will be of greater importance in illuminating the nature of the physiological

changes induced by unloading from Earth gravity in the mammalian organism.

E.
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Table 1. Total body mass changes in Experiment K-316 rats.

Preflight
Total Body

Postflight -Dissection
Mass Change

IPostflight-Preflight
Change

Dissection-Postflight
Animal 24 Sep 79	 14 Oct 79	 15 Oct 79 20 Days 1 Day
No. (91 (2/day X^

Flight Animals

F-26 310 354 343.97 +44 +14.2 +2.20 -10.0 -2.8
F-27 318 372 372.32 +54 +17.0 +2.70 + 0.3 +0.1
F-28 316 350 344.87 +34 +10.8 +1.70 - 5.1 -1.5
F-29 316 350 339.48 +34 +10.8 +1.70 -10.5 -3.0
F-30 310 360 34 4.66 +50 +16.1 +2.50 -15.3 -4.3

Mean 314.0 357.2 349.06 +43.2 +13 .8 +2.16 - 8.1 -2.3
S.D. 3.7 9.2 13.19 9.1 2.9 0.46 5.9 1.7

24 Sep 79	 19 Oct 79 20 Oct 79 25 Days
X (it/day)

1, Day
X

Svachroncus Controls

306 370 356.62 +64 +20.9 +2.56 -13.4 -3.6S-26
S-27 304 376 366.87 +72 +23.7 +2.88 - 9.1 -2.4
S-28 315 376 361.71 +61 +19.4 +2.44 -14.3 -3.8
S-29 315 366 349.96 +51 +16.2 +2.04 -16.0 -4.4
S-30 314 377 359.14 +63 +20.1 +2.52 -17.9 -4.7

Mean 310.8 373.0 358.86 +62.2 +20.1 +2.49 -14.1 -3.8
S.D. 5.4 4.8 6.26 7.5 2.7 0.30 3.3 0.9

24 Sep 79 16 Oct 79 17 Oct 79 22 Days
X (it/day)

1 Day

X

Vivarium Controls

311 382 359.38 +71 +22.8 +3.23 -22.6 -5.9V-26
V-27 303 352 327.93 +49 +16.2 +2.23 -24.1 -6.8
V-28 303 368 348.24 +65 +21.5 +2.95 -19.8 -5.4
V-29 324 380 356.99 +56 +17.3 +2.55 -23.0 -6.1
V-30 310 374 351.65 +64 +20.6 +2.91 -22.3 -6.0

Mean 310.2 371.2 348.84 +61.0 +19.7 +2.77 -22.4 -6.0
S.D. 8.6 12.0 12.48 8.6 2.8 0.39 1.6 0.5
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;gable 2. Comparison by t-test of preflight and postflight total body mass in
the 3 groups of Experiment K-316 rats. Arrows indicate increases (f)
or decreases (+) significant at the P - .05 level.

Total Body Mass Difference
Mean 2.-1.
(v) CC. V. of 1. P

Flight Animals	 1. Preflight 314.0 1.2
f	 2. Postflight 357.2 2.6 +43.2	 +13.8 <.001

Synchronous Controls	 1. Preflight 310.8 1w7
t	 2. Postflight 373.0 1.3 +62.2	 +20.0 <.001

Vivarium Controls	 1. Preflight 310.2 2.8
T	 2. Postflight 371.2 3.2 +61.0	 +19.7 <.001

Table 3. Comparison by t-test of the absolute increase in total body
mass (g) between the Flight group and the two Control groups
of Experiment K-316 rats during the period of the experiment.

Accretion of
Total Body Mass Difference
Mean 2.-1.

CV, % of 1. P

1. Synchronous Controls 62.2 12.1
2. Flight Animals +	 43.2 21.1 -19.0	 -30.5 0.007

1 Vivarium Controls 61.0 14.1
2. Flight Animals +	 43.2 21.1 -17.8	 -29.2, 0.013

1. Vivarium Controls 61.0 14.1
2. Synchronous Controls 62.2 12.1 + 1.2	 + 2.0 0.82



1. Synchronous Controls 2.49 12.1
2. Flight Animals 2.16 21.1

1. Vivarium Controls 2.77 14.0
2. Flight Animals 2.16 21.1

1. Vivarium Controls 2.77 14.0
2. Synchronous 2.49 12.1F?

^y
if
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	-0.33	 -13.2	 0.22

	

-0.61	 -22.1	 0.051 1

-0.28	 -10.3	 0.23
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Table 4. Comparison by t-test of rate of increase in total body mass
(g/day) between the Flight group and the two Control groups
of rats during Experiment K-316.

Accretion Rate of
Total Body Mass
Mean

Difference
2.-1.

Table 5. Comparison by t-test of postflight total body mass and total body mass
at sacrifice for dissection one day later in the 3,groups of Experi-
ment K-316 rats.

Total Body Mass Difference
Mean 2. -l.
(st) C.V. (it)	 (% of 1.) P

Flight ;t'n mals 1. Postflight 357.2 2.6
+	 2. Dissection 349.06 3.8 - 8.14	 -2.3 0.038

Synchronous Controls 1. Postflight 373.0 1.3
+	 2. Dissection 358.86 1.7 -14.14	 -3.8 <.001

Vivarium Controls 1. Postflight 371.2 3.2
i	 2. Dissection 348.84 3.6 -22.36	 -6.0 <.001

a
u
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Table 6. Organ system masses in grams of the 5 Flight rats of Experiment K-316
at age 133 ± 1 days on 15 October 1979.

Animal Number
Organ System F-26 „F-27 F-28 F-29 F-30 Mean S.D. C.V.

Skin 51.28 49.44 53.75 56.33 53.94 52.94 2.65 5.0

Liver 17.90 21.56 16.92 18.44 20.31 19.03 1.88 9.9
Digestive Tract 15.54 16.61 14.92 15.75 17.30 16.02 0.94 5.8
Genitalia 10.56 12.86 12.92 13.25 10.45 12.01 1.38 11.5
Abdominal Fat 14.98 15.97 15.74 14.34 11.21 14.45 1.92 13.3
Kidneys 2.95 2.91 2.68 3.04 3.10 2.94 0.16 5.5
Neck Glands 2.22 2.61 1.88 2.11 1.95 2.15 0.29 13.4
Brain 1.95 1.94 2.03 1.99 2.02 1.99 0.04 2.0
Respiratory Tract 1.88 2.16 1.80 1.95 1.91 1.94 0.13 6.9
Heart 1.12 1.29 1.16 1.44 1.15 1.23 0.13 10.8
Spleen 0.58 0.63 0.53 0.55 0.55 0.57 0.04 6.9
Bladder 0.15 0.16 0.13 0.19 0.14 0.15 0.02 14.9
Adrenals 0.1.08 0.127 0.111 0.087 0.131 0.113 0.017 15.5
Thyroid 0.1021 0.023 0.013 0.025 0.029 0.022 0.006 26.7

Viscera 69.95 78.84 70.83 73.15 70.24 72.60 3.71 5.1

Carcass 184.16 196.10 180.50 170.51 181.90 182.64 9.16 5.0

Blood 22.99 24.42 22.96 22.50 23.04 23.20 0.71 3.0

Net Body Mass 328.38 348.80 328.04 322.58 329.12 331.38 10.08 3.0

Hair 7.33 8.45 6.64 7.96 9.30 7.94 1.02 12.9
Gut Contents 8.26 15.07 10.19 8.94 6.24 9.74 3.30 33.9

Subtotal 15.59 23.52 16.83 16.90 15.54 17.68 3.33 18.8

Total Body Mass 343.97 372.32 344.87 339.48 344.66 	 349.06 13.19	 3.8

a
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Table 7.	 Organ system masses in grams of the 5 Synchronous Control rats of
Experiment K-316 at age 138 ± l.days on 20 October 1979.

Animal Number
Oran System S-26 S-27 S-28 S-29 S-30 Mean S.D. C.V.

Skin 59.29 63.92 59.50 56.41 61.58 60.14 2.80 4.7

Liver 16.89 18.89 17.60 15.64 16.65 17.13 1.21 7.0
Digestive Tract 15.70 15.01 16.36 15.05 16.07 15.64 0.60 3.9
Genitalia 12.49 12.62 13.77 13.09 12.26 12.85 0.60 4.7
Abdominal Fat 13.22 9.31 17.83 15.64 14.81 14.16 3.18 22.5
Kidneys 2.63 2.75 2.86 2.53 2.84 2.72 0.14 5.2
Neck Glands 2.06 1.87 1.98 2.06 1.92 1.98 0.08 4.3
Brain 2.04 1.80 2.06 1.86 2.60 1.95 0.12 5.9
Respiratory Tract	 1.70 2.06 1.98 1.78 1.85 1.87 0.15 7.8
Heart 1.35 1.37 1.22 1.19 1.07 1.24 0.12 9.9
Spleen 0.63 0.68 0.66 0.59 0.72 0.66 0.05 7.5
Bladder 0.12 0.20 0.16 0.20 0.15 0.17 0.03 20.7
Adrenals 0.101 0.126 0.134 0.127 0.122 0.122 0.013 10.3
Thyroid 0.015 0.017 0.023 0.019 0.026 0.020 0.004 22.4
Viscera 68.94 66.70 76.63 69.77 70.49 70.50 3.71 5.3

Carcass 191.61 190.99 188.79 189.47 188.69 189.91 1.32 0.7

Blood 24.07 24.21 24.46 23.76 24.14 24.13 0.25 1.0

Net Body Mass 343.91 345.82 349.38 339.41 344.90 344.68 3.60 1.0

Hair 6.66 6.57 7.44 6.65 7.23 6.91 0.40 5.7
Gut Contents 6.05 14.48 4.89 3.90 7.01 7.27 4.20 57.8
Subtotal 12.71 21.05 12.33 10.55 14.24 14.18 4.06 28.6

Total Body Maass 356.62 366.87 361.71 349.9.6 359.14 358.86 6.26 1.7

4
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Table 8.	 Organ system masses in grams of the 5 Vivarium Control rats of
Experiment K-316 at age 135 ± 1 days on 17 October 1979.

Animal Number
Organ System V-26 V-27 V-28 V-29 V-30 Mean S.D. C.V.

Skin 59.68 53.91 59.59 59.92 57.96 58.21 2.53 4.3

Liver 15.99 16.11 15.66 16.41 15.50 15.93 0.36 2.3
Digestive Tract 12.60 12.02 15.23 13.35 14.20 13.48 1.28 9.5
Genitalia 11.58 12.15 11.55 11.22 12.41 11.78 0.48 4.1
Abdominal Fat 6.86 4.05 10.77 7.98 9.86 7.90 2.65 33.5
Kidneys 2.55 2.04 2.49 2.66 2.55 2.46 0.24 9.8
Neck Glands 1.52 1.77 1.72 1.85 1.63 1.70 0.13 7.5
Brain 1.89 2.01 2.00 2.14 2.12 2.03 0.10 5.0
Respiratory Tract	 1.69 1.97 1.85 2.53 1.86 1.98 0.32 16.3
Heart 1.10 1.17 1.28 1.56 1.12 1.25 0.19 15.2
Spleen 0.75 0.91 0.67 0.62 0.58 0.71 0.13 18.5
Bladder 0.15 0.17 0.15 0.11 0.19 0.15 0.03 19.3
Adrenals 0.134 0.113 0.103 0.122 0.070 0.108 0.024 22.4
Thyroid 0.022 0.027 0.025 0.021 0.030 0.025 0.004 14.7
Viscera 56.83 54.51 6379 60.57 62.12 59.50 3.74 6.3

Carcass 204.13 184.23 190.51 201.01 195.00 194.98 7.99 4.1

Blood 24.13 22.03 23.60 24.20 23.72 23.54 0.88 3.7

Net Body Mass 344.77 314.68 337.19 345.70 338.80 336.23 12.60 3.7

A

A

4

Hair 7.76 6.64 6.78 6.08 7.02 6.86 0.61 8.9
Gut Contents 6.85 6.61 4.27 5.21 5.83 5.75 1.05 18.3

Subtotal 14.61 13.25 11.05 11.29 12.85 12.61 1.47 11.7

Total Body Mass 359.38 327.93 348.24 356.99 351.65 348.84 12.48 3.6
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Table 9. Organ system mean gram mass differences between the 5 Flight rats
and the 5 Synchronous Control rats of Experiment K-316. 	 P is the
probability that two means are statistically the same, and the
vertical arrows indicate the mean values that are significantly
different at the P - .05 level.	 The direction of the arrows
indicates whether the Flight means are lower (+) or higher (^)
than the Synchronous Control means.

Flight Synchronous Difference
Mean C.V. Mean C.V. Col. 2 - Col. 4

Organ System (g) (g) (g) M P

Skin 52.94 5.0 60.14 4.7 - 7.20 -12.0 0.003

Liver 19.03 9.9 17.13 7.0 + 1.90 +11.0 0.095
Digestive Tract 16.02 5.8 15.64 3.9 + 0.38 + 2.5 0.46
Genitalia 12.01 11.5 12.85 4.7 - 0.84 - 6.5 0.25
Abdominal Fat 14.45 13.3 14.16 22.5 + 0.29 + 2.0 0.87
Kidneys 2.94 5.5 2.72 5.2 + 0.22 + 7.9 0.056
Neck Glands 2.15 13.4 1.98 4.3 + 0.17 + 8.9 0.23
Brain 1.99 2.0 1.95 5.9 + 0.04 + 1.7 0.55
Respiratory Tract 1.94 6.9° 1.87 7,8 + 0.07 + 3.5 0.48
Heart 1 . 23 10.0 1.24 9 . 9 - 0.0:1 - 0 . 6 0.92
Spleen 0.57 6.9 0.66 7.5 - 0.09 -13.4 0.014
Bladder 0 . 15 14 . 9 0.17 20.7 - 0 . 02 - 7.2 0.53
Adrenals 0.113 15 . 5 0,.122 10 .3 - 0.009 - 7.5 0.37
Thyroid 0.022 26.7 0.020 22.4 + 0.002 +11.0 0.53
Viscera 72.60 5.1 70.50 5„3 + 2.10 + 3.0 0.40

Carcass 182.64 5.0 185.91 0.7 - 7.27 - 3.8 0.12

Blood +	 23.20 3.0 24.13 1.0 - 0.93 - 3.9 0.024

Net Body Mass +	 331.38 3.0 344.68 1.0 -13.30 - 3.9 0.024

Hair 7.94 12.9 6.91 5.7 + 1.03 +14.8 0.070
Gut Contents 9.74 33.9 7.27 57,8 + 2.47 +34.0 0.33

Subtotal 17.68 18.8 14.18 28.6 + 3.50 +24.7 0.17

Tota l, Body Mass 349.06 3.8 358.86 1.7 - 9.80 - 2.7 0.17

s
r;
r
}

r.
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Table 10.	 Organ system mean gram mass differences between the 5 Flight rats
and the 5 Vivarium Control rats of Experiment K-316.

Flight Vivarium Difference d
Organ System Mean C.V. Mean C.V. Col. 2 - Col. 4 P

^R) R) (R) M

Skin 52.94 5.0 58. 21 4.3 - 5.27 - 9.0 01.012

Liver 19.03 9.9 15.93 2.3 + 3.10 +19.4 0.007
Digestive Tract ? 16.02 5.8 3.3.48 9.5 + 2.54 +18.9 0.007
Genitalia 12.01 11.5 11.78 4.1 + 0.23 + 1.9 0.74
Abdominal Fat t 14.45 13.3 7.90 33.5 + 6.55 +82.8 0.002
Kidneys 2.94 5.5 2.46 9.8 + 0.48 +19.4 0.006
Neck Glands ? 2,15 13.4 1.70 7.5 + 0.45 +26.9 0.012
Brain 1.99 2.0 2.03 5.0 - 0.04 - 2.3 0.37
Respiratory Tract 1.94 6.9 1.98 16.3 - 0.04 - 2.0 0.80
Heart 1.23 10.8 1.25 15.2 - 0.02 - 1.1 0.90
Spleen 0.57 6.9 0.71 18.5 - 0.14 -19.5 0.053
Bladder 0.15 14.9 0.15 19.3 0.00 ONO 1.00
Adrenals 0.113 15.5 0.108 22.4 + 0.005 + 4.1 0.75
Thyroid 0.022 26.7 0.025 14.7 - 0.003 -11.2 0.40
Viscera T 72.60 5.1 59.50 6.3 +13.10 +22.0 <.001 f	 t

Carcass 182.64 5.0 194.98 4.1 -12.34 - 6.3 0.053
C

Blood 23.20 3.0 23.54 3.7 - 0.34 - 1.4 0.52

Net Body Mass 331 . 38 3.0 336 . 23 3.7 - 4.85 - 1.4 0.52 !`

Hair 7.94 12.9 6.86 8.9 + 1.08 +15.8 0.077
Gut Contents t 9.74 33.9 5.75 18.3 + 3.99 +69.3 0.033
Subtotal f 17.68 18.8 12.61 11.7 + 5.07 +40.2 0.014

Total Body Mass 349.06 3.8 348 . 84 3.6 + 0.22 + 0 . 6 0.79

A
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Table 11.	 Organ system mean gram mass differences between the 5 Synchronous

Control rats and the 5 Vivarium Control rats of Experiment K-316.

Synchronous Vivarium Difference
Organ System Mean C.V. Mean C.V. Col. 2 - Col, 4 P

S8L (a) (a) (X)

Skin 60.14 4.7 58.21 4.3 + 1.93 + 3.3 0.29

Liver 17.13 7.0 15.93 2.3 + 1.20 + 7.5 0.066
Digestive Tract + 15.64 3.9 13.48 9.5 + 2.16 +16.0 0.009
Genitalia t 12.85 4.7 11.78 4.1 + 1.07 + 9.0 0.015
Abdominal Fat t 14.16 22.5 7.90 33.5 + 6.26 +79.2 0.010
Kidneys 2.72 5.2 2.46 9.8 + 0.26 +10.7 0.068
Neck Glands T 1.98 4.3 1.70 7.5 + 0.28 +16.5 0.003
Brain 1.95 5.9 2.03 5.0 - 0.08 - 3.9 0.28
Respiratory Tract 1.87 7.8 1.98 16.3 - 0.11 - 5.4 0.52
Heart 1.24 9.9 1.25 15.2 - 0.01 - 0.5 0.95
Spleen 0.66 7.5 0.71 18.5 - 0.05 - 7.1 0.45
Bladder 0.17 20.7 0.15 19.3 + 0.02 + 7.8 0.57
Adrenals 0.122 10.3 0.108 22.4 + 0.014 +12.5 0.30
Thyroid 0,.020 22.4 0.025 14.7 - 0.005 -20.0 01089
Viscera T 70.50 5.3 59.50 6.3 +11.00 +18.5 0.002

Carcass 189.91 0.7 194.98 4.1 - 5.07 - 2.6 0.20

Blood 24.13 1.0 23.54 3.7 + 0.59 + 2.5 0.19

Net Body Mass 344.68 1.0 336.23 3.7 + 8.45 + 2.5 0.19

Hair 6.91 5.7 6.86 8.9 + 0.05 + 0.8 0.87
Gut Contents 7.27 57.8 5.75 18.3 + 1.52 +26.3 0.46

Subtotal 14.18 28.6 12.61 31.7 + 1.57 +12.4 0.44

Total Body Mass 358.86 1.7 348.8; 3.6 +10.02 + 2.9 0.15
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Table 12. Water, fat, and fat-free masses, in grams, of the major body components
	

it

of the 5 Flight rats of Experiment K-316.

Animal Number

Component F-26 F-27 F-28 F-29 F-30 Mean S .D. C.V.

Carcass

Wet Mass 184.16 196.10 180.50 170.52 181.90 182.64 9.16 5.0
Dry Mass 72.24 74.68 70.26 66.93 70.35 70.89 2.85 4.0
Water Mass 111.92 121.42 110.24 103.59 111.55 111.75 6.37 5.7
Fat Mass 22.03 18.91 19.82 18.53 19.05 19.67 1.40 7.1
Fat-Free Mass 162.13 177.19 160 .68 151.99 162 . 85 162 . 97 9.07 5.6
Dry Fat-Free Mass 50.21 55.77 50.44 48.40 51 . 30 51 . 22 2.75 5.4

Viscera

Wet Mass 69.95 78.84 70.83 73.15 70.24 72.60 3.71 5.1
Dry Mass 36 . 92 40.32 39.29 37.89 33.89 37.66 2.48 6.6
Water Mass 33.03 38.52 31.54 35.26 36.35 34.94 2.74 7.9
Fat ' Mass 25.19 27.56 27.78 26.26 21.76 25.71 2.44 95
Fat-Free Mass 44 .76 51.28 43.05 46 . 89 48.48 46.89 3.20 6.8
Dry Fat-Free Mass 11.73 12 . 76 11.51 11 . 63 12.13 11.95 0.51 4.3

a
Skin

Wet Mass 51.28 49.44 43.75 56.33 53.94 52.94 2.65 5.0
Dry Mass 25.11 24.27 27.39 32.38 27.33 27.30 3.15 11.6
Water Mass 26.17 25.17 26.36 23.95 26 . 61 25.64 1.10 4.3
Fat Mass 12.61 11,64 14.06 20.11 13.37 14.36 3.34 23.3
Fat-Free Mass 38.67 37.80 39 . 69 36 . 22 40.57 38 . 59 1.69 4.4
Dry Fat-Free Mass 12.50 12.63 13.33 12.27 13.96 12,94 0.69 5.4

Blood 22.99 24.42 22.96 22.58 23.04 23.20 0.71 3.0

Net Body

Wet Mass 328.38 348.80 328.04 322.58 329.12 331.38 10.08 3.0
Dry Mass 134 . 27 139 . 27 136.94 137.20 131.57 135.85 2.98 2,2
Water Mass 194.11 209 .53 191 . 10 185.38 197 . 55 195 . 53 9.01 4.6
Fat Mass 59.83 58.11 61.66 64.90 54,18 59.74 4.00 6.7
Fat-Free Mass 268.55 290.69 266 . 38 257.68 274 . 94 271.65 12.31 4.5
Dry Fat-Free Mass 74.44 81.16 75.28 72.30- 77.39 76 . 11 3.36 4.4

F
^S
1

f,

A
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Table 13. Water, fat, and fat-free masses, in grams, of the major body components

of the 5 Synchronous Control rats of Experiment K-316.

Component S-26
Animal Number

S-27	 8-28	 S-29 S-30 Mean S.D. C.V_.

Car.	s

Wet Mass 191.61 190.99 188.79 189.47 188.69 189.91 1.32 0.7
Dry Mass 70.42 67.56 71.99 72.20 69.40 70.31 1.92 2.7
Water Mass 121.19 123.43 116.80 117.27 119.29 119.60 2.76 2.3
Fat Mass 18,32 12.21 21.44 20,29 16.26 17.70 3.65 20,6
Fat-Free Mass 173.29 178.78 167.35 169.18 172.43 172.21 4.39 2.6
Dry Fat-Free Mass 52.10 55.35 50.55 51.91 53,14 52.61 1.79 3.4

Viscera

Wet Mass 68.94 66.70 76.63 69.77 70.49
Dry Mass 34.94 31.17 40.39 36.49 35.33
Water Mass 34.00 35.53 36.24 33.28 35.16
Fact Mass 23.05 19.23 28.00 24.67 23.53
Fat-Free Mass 45.89 47.47 48.63 45.10 46.96
D-ry Fat-Free Mass 11.89 11.94 12.39 11.82 11.80

Skin

Wet Mass 59.29 63,92 59.50 56.41 61.58
Dry Mass 29.46 28.89 28.64 28.26 30.54
Water Mass 29.83 35.03 30.86 28.15 3.1.04
Fat Mass 15.49 12.66 14.84 15.12 16.56
Fat-Free Mass 43.80 51.26 44.66 41.29 45.02
Dry Fat-Free Mass 13.97 16.23 13.80 13.14 13.98

70.50 3,71 5.3
35.66 3,31 9.3
34.84 1.19 3.4
23,70 3.16 13,3
46.80 1.37 2.9
11.96 0.24 2.0

60.14 2.80 4.7
29.16 0.89 3.0
30.98 2,54 8.2
14.93 1,43 9.6
45.21 3.68 8.1
14.23 1.17 8.2

Blood	 24.07 24.21 24.46 23.76 24.14 	 24.13 0.25	 1.0

Net Body

Wet Mass 343.91 345.82 349.38 339.41 344.90 344.68 3.60 1.0
Dry Mass 134.82 127.52 141.02 136.95 135,27 135.13 4.86 3.6
Water Mass 209.09 218.20 208.36 202.46 209.63 209.55 5.63 2.7
Fat Mass 56.86 44.10 64.28 60.08 56.35 56.,33 7.54 13.4
Fat-Free Mass 287.05 301.72 285.10 279.33 288.55 288.35 8.25 2.9
Dry Fat-Free Mass 77.96 83.52 76.74 76.87 78.92 78.80 2.78 3.5
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NTable 14. Water, fat, and fat-free masses, in grams, of the major body components
of the 5 Vivarium Control rats of Experiment K-316.

Animal Number
Component V-26 1'-27 V-28 V-29 V-30 Iftan S.D. C.V.

Carcass

Wet class 204.13 184.23 190.51 201.01 195.00 194.98 7.99 4.1
Dry Mass 68.33 59.61 65.80 67.32 66.90 65.59 3.46 5.3
Water Mass 135.80 124.62 124.71 133.69 128.10 129.39 5.15 4.0
Fat Mass 7.99 5.03 12.15 9.50 12.11 9.35 3.00 32.1
Fat-Free Mass 196.14 179.20 178.36 191.51 182.89 185.63 7.85 4.2
Dry Fat-Free Mass 60.34 54.58 53.65 57.82 54.79 56.24 2.78 4.9

Viscera

i

Wet Mass
Dry Mass
Water Mass
Fat Mass
Fat-Free Mass
Dry Fat-Free Mass

Skin

Wet Mass
Dry Mass
Water Mass
Fat Mass
Fat-Free Mass
Dry Fat-Free Mass

Blood

56.83 54.4.E 63.49 60.57 62.12 59.50 3.74 6.3
21.65 18.28 28.97 24.78 26.80 24.10 4.22 17.5
35.18 36,23 34.52 35.79 35.32 35.40 0.65 1.8
10.61 6.79 17.54 13.14 15.96 12.81 4.29 33.5
46.22 47.72 45.95 47.43 46.16 46.69 0.82 1.7
11.04 11.49 11.43 11.64 10.84 11.29 0.33 3.0

59.68 53.91 59.59 59.92 57.96 58.21 2.53 4.3
23.25 20.17 26.53 25.80 26.48 24.44 2.74 11.2
36.43 33.74 33.06 34.12 31.48 33.77 1.80 5.3
6.74 4.94 11.57 10.79 12.35 9.28 3.25 35.0

52.94 48.97 48.02 49.13 45.61 48.93 2.64 5.1-
16.51 15.23 14.96 15.01 14.13 15.16 0.86 5.7

24.13 22.03 23.60 24.20 23.72 23.54 0.88 3.7

Net Body

Wet Mass 344.77 314.68 337.19 345.70 338.80 336.23 12.60 3.7
Dry Mass 113.23 98.06 121.30 117.90 120.18 114.13 9.50 8.3
Water Mass 231.54 216.62 215.89 227.80 218.62 222.10 7.11 3.2
Fat Mass 25.34 16.76 41.26 33.43 40.42 31.44 10.41 33.1
Fat-Free Mass 319.43 297.92 295.93 312.27 298.38 304.79 10.45 3.4
Dry Fat-Free Mass 87.89 81.30 80.04 84.47 79.76 82.69 3.45 4.2
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Table 15. Fat, fat-free, dry fat-free, and water mean gram mass differences
of -.he major body components between the 5 Flight rats and the
5 Synchronous Control rats of Experiment K-316.

Flight Synchronous Differencs
Component Mean C.V. Mean C.V. Col. 2 - Col. 4 P

(a) (a) .(11) Kz) -

Total Body 349.06 3.8 358.86 1.7 - 9.80 - 2.7 0.17
Net Body + 331.38 3.0 344.68 1.0 -13.30 - 3.9 0.024

Fat:

Carcass 19.67 7.1 17.70 20.0 + 1.97 +11.1 0.29
Viscera 25.71 9.5 23.70 13.3 + 2.01 + 8.5 0.29
Skin 14.36 23.3 14.93 9.6 - 0.57 - 3.9 0.73
Body 59.74 6.7 56.33 13A + 3.41 + 6.0 0.40

at-Fred:
Carcass 162.97 5.6 172.21 2.6 - 9.24 - 5.4 0.074
Viscera 46.89 6.8 +46.80 2.9 + 0.09 + 0.2 0.96
Skin + 38.59 4.4 45.21 8.1 - 6.62 -14.6 0.006
Blood + 23.20 3.0 24.13 1.0 - 0.93 - 3.9 0.024
Body + 271,,65 4.5 288.35 2.9 -16.70 - 5.8 0.036

Dry Fat-Free:

Carcass 51.22 5.4 52.61 3.4 - 1.39 - 2.6 0.37
Viscera 11.95 4.3 11.96 2.0 - 0.01 - 0.1 0.95
Skin 12.94 5.4 14.23 8.2 - 1.29 - 9.0 0.068
Body 76.11 4.4 78.80 3.5 - 2.69 - 3.4 0.21

Water:

Carcass + 111.75 5.7 119.60 2.3 - 7.85 - 6.6 0.035
Viscera 34.94 7.9 34.84 3.4 + 0.10 + 0.3 0.94
Skin + 25.64 4.3 30.98 8.2 - 5.34 - 17.2 0.003
Blood + 23.20 3.0 24.13 1.0 - 0.93 - 3.9 0.024
Body + 195.53 4.6 209.55 2.7 -14.02 - 6.7 0.018

IntrS;ellular 150.66 5.4 139.15 6.6 +11.51 + 8.3 0.069
Extracellular	 + 44.87 17.5 70.40 6.9 -25.53 -36.3 <.001

3
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Table 16. Fat, fat-free, dry fat-free, and water mean gram mass differences of
the major body components between the 5 Flight rats and the 5 Vivarium
Control rats of Experiment K-316.

Flight	 Vivarium	 Difference
Component	 Mean	 C.V.	 Mean	 C.V. Col. 2 - Col. 4	 P

	

(a)	 (a)	 (a)	 (X)

Total Body	 349.06	 3.8 348.84	 3.6 + 0.22 + 0.6	 0.79
Net Body	 331.38	 3.0	 336.23	 3.7	 4.85	 - 1.4	 0.52

Fat:

Carcass T 19.67 7.1 9.35 32.1 +10.32 +110.2 <.001
Viscera + 25.71 9.5 12.81 33.5 +12.90 =100.7 <.001
Skin T 14.36 23.3 9.28 35.0 + 5.08 + 54.8 0.041
Body t 59.74 6.7 31.44 33.1 +28.30 + 90.0 <.001

Fat-Free:

Carcass 162.97 5.6 185.63 4.2 -22.66 -12.2 0.003
Viscera 46.89 6.8 46.69 1.7 + 0.20 + 0.4 0.90
Skin 38.59 4.4 48.93 5.4 -10.34 -21.1 <.001
Blood 23.20 3.0 23.54 3.7 - 0.34 - 1.4 0.52
Body i 271.65 4.5 304.79 3.4 -33.14 -10.9 0.002

Dry Fat-Free:

Carcass + 51.22 5.4 56.24 4.9 - 5.02 - 8.9 0.021
Viscera T 11.95 4.3 11.29 3.0 + 0.66 + 5.9 0.041
Skin + 12.94 5.4 15.16 5.7 - 2.22 -14.7 0.002
Body + 76.11 4.4 82.69 4.2 - 6.58 - 8.0 0.016

Water:

Carcass + 111.75 5.7 129.39 4.0 -17.64 -13.6 0.001
Viscera 34.94 7.9 35.40 1.8 - 0.46 - 1.3 0.72
Skin + 25.64 4.3 33.77 5.3 - 8.13 -24.0 <.001
Blood 23,20 3.0 23.54 3.7 - 0.34 - 1.4 0.52
Body + 195.53 4.6 222.10 3.2 -26.57 -12.0 <.001

Intracellular 150.66 5.4 152.60 7.6 - 1.94 - 1.3 0,77
Extracellular + 44.87 3.7.5 69.50 11.7 -24.63 -35.4 0.001

A
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Table 17.	 Fat, fat-free, dry fat-free, and water mean gram mass differences of
the major body components between the 5 Synchronous Control rats and
the 5 Vivarium Control rats of Experiment K-316.

Synchronous Vivarium Difference
Component Mean C.V. , Mean C.V. Col. 2 - Col. 4 P

cgs 60 c50 M

Total BcAy 358.86 1.7 348.84 3.6 +10.02 + 2.9 0.15
Net Body 344.68 1.0 336.23 3.7 + 8.45 + 2.5 0.19

Fat:

Carcass T 17.70 20.6 9.35 32.1 + 8.35 +89.2 0.004
Viscera T 23.70 13.3 12.81 33.5 +10.89 +85.0 0.002
Skin + 14.93 9.6 9.28 35.0 + 5.65 +61.0 0.007
Body T 56.33 13.4 31.44 33.1 +24.89 +79.2 0.003

Fat-Free:

Carcass + 172.21 2.6 185.63 4.2 -13.42 - 7.2 0.010
Viscera 46.80 2.9 46.69 1.7 + 0.11 + 0.2 0.88

.^ s:	 Skin 45.21 8.1 48.93 5.4 - 3.72 - 7.6 0.10

Blood 24.13 1.0 23.54 3.7 + 0.59 + 2.5 0.19
Body + 288.35 2.9 304.79 3.4 -16.44 - 5.4 0.025

Dry Fat-Free:
f

Carcass + 52.61 3.4 56.24 4.9 - 3.63 - 6.4 0.040
Viscera f 11.96 2.0 11.29 3.0 + 0.67 + 6.0 0.006

t	 Skin 14.23 8.2 15.16 5.7 - 0.93 - 6.2 0.18
Body 78.80 3.5 82.69 4.2 - 3.89 - 4.7 0.086

Water:

Carcass + 119.60 2.3 129.39 4.0 - 9.79 - 7.6 0.006
Viscera 34.84 3.4 35.40 1.8 - 0.56 - 1.6 0.38
Skin 30.98 8.2 33.77 5.3 - 2.79 - 8.2 0.080
gicod 24.13 1.0 23.54 3.7 + 0.59 + 2.5 0.19
Body + 209.55 2.7 222.10 3.2 -12.55 - 5.6 0.015

Intracellular 139.15 6.6 152.60 7.6 -13.45 - 8.8 0.077
Extracellular 70.40 6.9 69.50 11.7 + 0.90 + 1.3 0.84

^h

s



-42-

Table 18. Fat and water fractions, as per cent, of the major body components
of the 5 Flight rats of Experiment K-316.

Animal Number
Fraction F-26 F-27 F-28	 F-29 F-30 Mean S.D. C.V.

[Component Fat/Total Component] x 100

Carcass 12.0 9.6 11.0	 10.9 10.5 10.8 0.9 8.0
Viscera 36.0 35.0 39.2	 35.9 31.0 35.4 2.9 8.3
Skin 24.6 23.5 26.2	 35.7 24.8 27.0 5.0 18.5
Net Body 18.2 16.7 18,8	 20.1 16.5 18.1 1.5 8.3

[Component Fat/Total Fact] x 100

Carcass 36.8 32.6 32.1 28.5 35.2 33.0 3.2 9.6
Viscera 42.1 47.4 45.1 40.5 40.2 43.1 3.1 7.2
Skin 21.1 20.0 22.8 31.0 24.6 23_9 4.3 18.1
Net Body 100.0 100.0 100.0 100.0 100.0 100.0

[Component Water/Fat-Free Component] x 100

Carcass 69.0 68.5 68.6 68.2 68.5 68.6 0.3 0.4
Viscera 73.8 75.1 73.3 75.2 75.0 74.5 0.9 1.2
Skin 67.7 66.6 66.4 66.1 65.6 66.5 0.8 1.2
Net Body 72.3 72.1 71.7 71.9 71.9 72.0 0.2 0.3

[Component Water/Total Watev) x 100

Ca,'cass 57.7 57.9 57.7 55.9 56.5 57.1 0.9 1,6
Viscera 17.0 18.4 16.5 19.0 18.4 17.9 1.1 5.9
Skin 13.5 12.0 13.8 12.9 13.5 13.1 0.7 5.5
Blood 11.8 11.7 12.0 12.2 11.6 11.9 0.2 2.0
Net Body 100.0 100.0 100.0 100.0 100.0 100.0

{
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Table 19. Fat mnd water fractions, , as per cent, of the major body components
of the 5 Synchronous Control rats of Experiment K-316.

Animal Number
Fraction	 S-26	 S-27	 S-28	 S-29	 S-30	 Mean	 S.D.	 C.V.

[Component Fat/Total Component] x 100

Carcass	 9.6	 6.4	 11.4	 10.7	 8.6	 9.3	 2.0	 21.0
Viscera	 33.4	 28.8	 36.5	 35.4	 33.4	 33.5	 2.9	 8.8
Skin	 26.1	 19.8	 24.9	 26.8	 26.9	 24.9	 3.0	 11.9
Net Body	 16,5	 12.8	 18.4	 17.7	 16.3	 16.3	 2.2	 13.2

[Component Fat/Total Fat] x 100

Carcass	 32.2	 27.7	 33.3	 33.8	 28.9	 31.2	 2.7	 8.7
Viscera	 46,5	 43.6	 43.6	 41.0	 41.7	 42.1	 1.5	 3.4

Skin	 27.3	 28.7	 23.1	 25.2	 29.4	 26.7	 2.6	 9.7
Net Body	 100.0	 100.0	 100.0 100.0 100.0	 100.0

[Component Water/Fat-Free Component] x 100

Carcass	 69.9	 69.0	 69.8	 69.3	 69.2	 69.4	 0.4	 0.6
Viscera	 74.1	 74.8	 74.5	 73.8	 74.9	 74.4	 0.5	 0.6
Skin	 68.1	 68.3	 69.1	 68.2	 68.9	 68.5	 0.4	 0.7
Net Body	 72.8	 72.3	 73.1	 72.5	 72.6	 72.7	 0.3	 0.4

[Component Water/Total Water] x 100

Carcass	 57.9	 56.6	 56.1	 57.9	 56.9	 57.1	 0.8	 1.4
Viscera	 16.3	 16.3	 17.4	 16.5	 16.8	 16.6	 0.5	 2.8
Skin	 14.3	 16.0	 14.8	 13.9	 14.8	 14.8	 0.8	 5.3
Blood	 11.5	 11.1	 11,7	 11.7	 11.5	 11.5	 0.2	 2.1
Net Body	 100.0	 100.0	 100.0 100.0 100.0	 100.0

t

t



Table 20. Fat and water fractions, rs per cent, of the major body components
of the 5 Vivarium Control rats of Experiment K-316.

Animal Numbae
Fraction	 V-26	 V-27	 V-28	 V-29	 V-30	 Mean	 S,D.	 C.V.

[Component Fat/Total Component] x 100

Carcass	 3.9	 2.7	 6.4	 4.7	 6.2	 4.8	 1.6	 32.7
Viscera	 18.7	 12.5	 27.6	 21.7	 25.7	 21.2	 6.0	 28.2
Skin	 11.3	 9.2	 19.4	 18.0	 21.3	 15.8	 5.3	 33.4
Net Body	 7.3	 5.3	 12.2	 9.7	 11.9	 9.3	 3.0	 32.0

if
[Component Fat/Total Fat] x 100

Carcass	 31.5	 30.0	 29.5	 28.4	 30.0	 29.9	 1.1	 3.7	 ja
Viscera	 4;..9	 40.5	 42.5	 39.3	 39.5	 40.7	 1.4	 3.5
Skin	 26.6	 29.5	 28.0	 32.3	 30.5	 .29.4	 2.2	 7.5
Net Body	 100.0	 100.0	 100.0	 X100.0	 100.0	 100.0

E

[Component Water/Fat-Free Component] x 100

Carcass	 69.2	 69.5	 69.9	 69:8	 70.0	 69.7	 0.3	 0.5
Viscera	 76.1	 75.9	 75.1	 75.5	 76.5	 75.8	 0.5	 0.7
Skin	 68.8	 68.9	 68.8	 69.4	 69.0	 69.0	 0.2	 0.4	 r
Net Body	 72.5	 72.7	 73.0	 72.9	 73.3	 72.9	 0.3	 0.4	 ?

[Component Water/Total Water] x 100

Carcass	 58.7	 57.5	 57.8	 58.7	 58.6	 58.2	 0.6	 1.0
Viscera	 15.2	 16.7	 16.0	 15.7	 16.2	 16.0	 0.6	 3.5
Skin	 15.7	 15.6	 15.3	 15.0	 14.4	 15.2	 0.5	 3.5
Blood	 10.4	 10.2	 10.9	 10.6	 10.8	 10.6	 0.3	 2.7
Net F4dy	 100.0	 100.0	 100.0	 100.0	 100.0	 100.0

y,
h

tl

t

i'



Table 21. Mean differences in major body component fat and water percentages
between the 5 Flight rats and the 5 Synchronous Control rats of
Experiment K-316.

Difference
Flight Synchronous Col. 2 - Col. 4

Fraction Mean C.V. Mean C.V. Mean X P

[Component Fat/Total Component] x 100

Carcass 10.8 8.0 9.3 21.0 + 1.5 +15.6 0.17
Viscera 35.4 8.3 33,5 8.8 + 1.9 + 5.7 0.33
Skin 27.0 18.5 24„9 11.9 + 2.1 + 8.3 0.45
Net Body 18.1 8.3 16.3 13,2 + 1.8 +10.5 0.18

i!
t4

[Component Fat/Total Fat] x 100
ii

Carcass ' 33.0 9.6 31.2 8.7 + 1.8 + 6.0 0.35
Viscera 43.1 7.2 42.1 3.4 + 1.0 + 2.3 0.54
Skin 23.9 18.1 26.7 9.7 - 2.8 -10.6 0.24

[Component Water/Fat-Free Component] x 100
l^

Carcass +	 68.6 0.4 69.4 0.6 - 0.8 - 1.3 0.004
Viscera 74.5 1.2 74.4 0.6 + 0.1 + 0.1 0.90
Skin +	 66.5 1.2 68.5 0.7 - 2.0 - 3.0 <.001 1

Net Body 72.0 0.3 72.7 0.4 - 0.7 - 0.9 0.004
If

[Component Water/Total Water] x 100 I
Carcass 57.1 1.6 57.1 1.4 0.0 + 0.1 0.91
Viscera T	 17.9 5.9 16.6 2.8 + 1.3 + 7.2 0.048
Skin +	 13.1 5.5 14.8 5.3 - 1.7 -•11.0 0.009
Blood ?	 11.9 2.0 11.5 2.1 + 0.4 + 3.1 0.047

if

Ll

1

E



-46-

v

i)

Table 22. Mean differences in major body component fat and water percentages
between the 5 Flight rats and the 5 Vivarium Control rats of
Experiment K-316.

Difference
Flight Vivarium Col. 2 - Col. 4

Fraction Mean C.V. Mean C.V. Mean % P

(Component Fat/Total Component) x 100

Carcass + 10.8 8.0 4.8 32.7 + 6.0 +125.9 <_.001
Viscera T 35.4 8.3 21.2 28.2 +14.2 + 66.8 0.001
Skin + 27.0 18.5 15.8 33.4 +11.2 + 70.2 0.009
Net Body + 18.1 8.3 9.3 32.0 + 8.8 + 94.6 <.001

(Component Fat/Total Fat] x 100

Carcass 33.0 9.6 29.9 3.7 + 3.1 +10.6 0.069
Viscera 43.1 7.2 40.7 3.5 + 2.4 + 5.7 0.17
Skin 1'3.9 18.1 29.4 7.5 - 5.5 -18.7 0.036

(Component Water/Fat-Free Component) x 100

Carcass + 68.6 0.4 69.7 0.5 - 1.1 - 1.6 <.001
Viscera + 74.5 1.2 75.8 0.7 - 1.3 - 1.8 0.019
Skin + 66.5 1.2 69.0 0.4 - 2.5 - 3.6 <.001
Net Body + 72.0 0.3 72.9 0.4 - 0.9 - 1.2 <.001

(Component Water/Total Water] x 100

Carcass	 Z	 57.1 1.6 58.2 1.0 - 1.1 - 1.9 0.045
Viscera	 T	 17.9 5.9 16.0 3.5 + 1.9 +11.9 0.007
Skin	 +	 13.1 5.5 15.2 3.5 - 2.1 -13.6 <.001
Blood	 +	 11.9 2.0 10.6 2.7 + 1.3 +12.1

w

<.001

C
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Table 23. Mean differences in major body component fat and water percentages
between the 5 Synchronous Control rats and the 5 Vivarium Control
rats of Experiment K-316.

Difference
Synchronous Vivarium Col. 2 - Col. 4

Fraction Man	 C.V. Mean. C.V. Mean % P

x	 [Component', Fat/Total Component] x 100

Carcass T	 9.3	 21.0 4.8 32.7 + 4.5 +95.4 0.004
Viscera T	 33.5	 8.8 21.2 28.2 +12.3 +57.7 0.003
Skin +	 24.9	 11.9 15.8 33.4 + 9.1 +57.2 0.010
Net Body T	 16.3	 13.2 9.3 32.0 + 7.0 +76. 1 0.003

[Component Fat /Total Fat] x 100
Carcass 31.2 8.7 29.9 3.7 + 1.3 + 4.4 0.35
Viscera 42.1 3.4 40.7 3.5 + 1.4 + 3.3 0.18
Skin 26.7 9.7 29.4 7.5 - 2.7 - 9.0 0.12

[Component Water/Fat-Free Component] x1006

Carcass 69.4 0.6 69.7 0.5 - 0.3 - 0.3 0.32
Viscera + 74.4 0.6 75.0 0.7 - 1.4 - 1.8 0.002
Skin 68.5 0.7 69.0 0.4 - 0.5 - 0.7 0.080
Net Body 72.7 0.4 72.9 0.4 - 0.2 - 0.3 0.29

[Component Water/Total Water] x 100

Carcass + 57.1 1.4 58.2 1.0 - 1.1 - 2.0 0.028
Viscera 16.6 2.8 16.0 3.5 + 0.6 + 4.2 0.063
Skin 14.8 5.3 15.2 3.5 - 0.4 - 2.9 0.33
Blood T 11.5 2.1 10.6 2.7 + 0.9 + 8.7 <.001
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Table 27. Body constituent mean gram mass differences between the 5 Flight
rats and the 5 Synchronous Control rats of Experiment K-316.

Flight Synchronous Difference
Mean C.V. Mean C.V. Col. 2 - Col. 4 P

Constituent (a) (a) (a) (X) _

Body Nitrogen 9.43 4.9 9.63 3.5 - 0.20 - 2.1 0.46
Body Calcium + 2.86 7.8 3.67 10.5 - 0.81 -22.2 0.003
Body Phosphorus 1.986 7.5 2.294 13.0 - 0.308 -13.4 0.072
Body Potassium 0.905 5.4 0.836 6.6 + 0.069 + 8.3 0.069
Body Sodium + 0.290 4.8 0.327 3.1 - 0.037 -11.3 0.001
Body Magnesium 0.1156 3.6 0.1189 11.6 - 0.0033 - 2.8 0.62

Body Creatine + 0.693 3.8 0.631 4.1 +0.062 + 9.8 0.006

Body Protein 58.95 4.9 60.19 3.5 - 1.24 - 2.1 0.46

Body Cell Mass 206.39 5.4 190.61 6.6 +15.78 + 8.3 0,069

Intracellular Water 150.66 5.4 139.15 6.6 +11.51 + 8.3 0.069
Extracellular Water + 44.87 17.5 70.40 6.9 -25.53 -36.3 <.001

Bone Mineral y 8.37 7.8 10.75 10.5 - 2.38 -22.2 0.003

i

W
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Table 28. Body constituent mean gram mass differences between the 5 Flight
rats and the 5 Vivarium Control rats of Experiment K-316.

Flight	 Vivarium	 Difference
Constituent	 Mean	 C.V.	 Mean	 C.V.	 Col. 2 - Col. 4	 P

	

(a)	 (a)	 (it)	 (X)

Body Nitrogen +	 9.43 4.9 10.36 4.2 --0.93 - 9.0 0.011
Body Calcium +	 2.86 78 3.96 10.9 - 1.10 -27.9 <.001
Body Phosphorus +	 1.986 7.5 2.407 83 - 0.421 -17.5 0,005
Body Potassium 0.905 5,4 0.917 7.6 -0.012 - 1.3 0.77
Body Sodium +	 0.290 4.8 0.333 5.5 - 0.043 -12.7 0.004
Body Magnesium +	 0.1156 3.6 0.1394 4. 4 - 0.0238 -17.1 <.001

Body Creatine 0.693 3.8 0.724 4.2 - 0.031 - 4.2 0.13

Body Protein +	 58.95 4.9 64.78 4.2 - 5.83 - 9.0 0.011

Body Cell Mass 206.39 5.4 209.03 7.6 - 2.64 - 1.3 0.77

Intracellular Water 150.66 5.4 152.60 7.6 - 1.94 - 1.3 0.77
Extracellular Water 44.87 17.5 69.50 11.7 -24.63 -35.4 0.001

Bone Mineral 8.37 7.8 11.61 10.9 - 3.24 -27.9 <.001
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aTable 29. Body constituent mean gram mass differences between the 5 Synchronous
Control rats and the 5 Vivarium Control rats of Experiment K-316.

Synchronous	 Vivarium	 Difference
Constituent	 Mean	 C.V.	 Mean	 C.V.	 Col. 2 - Col. 4	 P

(it? -.	 t$2 	 (11)

Body Nitrogen i	 9.63 3.5 10.36 4.2 - 0.73 - 7.1 0.018
Body Calcium 3.67 10.5 3.96 10.9 - 0.29 - 7.4 0.29
Body Phosphorus 2.294 13.0 2.407 8.3 - 0.113 - 4.7 0.50
Body Potassium 0.836 6.6 0.917 7.6 - 0.081 - 8.8 0.077
Body Sodium 0.327 3.1 0.333 5.5 - 0.006 - 1.6 0.60
Body Magnesium +	 0.1189 11.6 0.1394 4.4 - 0.0205 -14.7 0.016

Body Creatine +	 0.631 4.1 0.724 4.2 - 0.093 -12.8 <.001

Body Protein +	 60.19 3.5 64.78 4.2 - 4.59 - 7.1 0.018

Body Cell Mass 190.61 6.6 209.03 7.6 -18.42 - 8.8 0.077

Intracellular Water 139.15 6.6 152.60 7.6 -13.45 - 8.8 0.077
Extracellular Water 70.40 6.9 69.50 11.7 + 0.90 + 1.3 0.84

Bone Mineral 10.75 10.5 11.61 10.9 - 0.86 - 7.4 0.29

x
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Table 33.	 Mean differences in per cent composition of the fat-free body crass
between the 5 Flight rats and the 5 Synchronous Control rats of
Experiment K-316.

Difference
Flight Synchronous Col. 2 - Col. 4

Constituent Mean C.V. Mean C,V. Mean % P

Water i 72.0 0.3 72.7 0.4 -0„7 - 0.9 0.004
Dry Matter f 28.0 0.8 27.3 1.1 +0.7 + 2.5 0.004

Nitrogen T 3.47 1.4 3.34 1.3 +0.13 + 4.0 0.002
Calcium + 1.051 6.1 1.271 7.8 -0.220 -17.3 0.003
Phosphorus 0.731 6.1 0.794 10.2 -0.063 - 7.9 0.17
Potassium t 6.333 4.5 0.290 4.0 +0.043 +15.0 <.001
Sodium 0.1069 3.0 0.1135 1.3 -0.0066 - 5.8 0.003

{ Magnesium 0.0426 1.9 0.0412 9.1 +0.0014 + 3.4 0.44

Creatine T 0.255 3.2 0.219 6.5 +0.036 +16.4 0.001

Protein t 21.7 1.4 20.9 1.2 +0.8 + 3.7 0.002

Body Calls T 76.0 4.4 66.1 4.0 +9.9 +15.0 <.001

Intracellular Water f 55.5 4„4 48.2 3.9 +7.3 +15.1 <.001
Extracellular Water + 16.5 16,0 24.4 8.6 -7.9 -32.5 <.001

Bone Mineral y 3.08 6.1 3.72 7.9 -0.64 -17.2 0.003

i

E'

7
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Table 34.	 Mean differences in per cent composition of the fat-free body mass
between the 5 Flight rats and the 5 Vivarium,Control rats of
Experiment K-316.

Difference
Flight Vivarium Col. 2 - Col. 4

Constituent Mean C.V. Mean C.V. Mean % P

t	 Water 72.0 0.3 72.9 0.'4 -0.9 - 1.2 <.001
Dry Matter + 28.0 0.8 27.1 1.1 +0.9 + 3.3 <.001

Nitrogen 3.47 1.4 3.40 1.8 +0.07 + 2.1 0.074
Calcium + 1.051 6.1 1.300 11.1 -0.249 -19.2 0.008

Phosphorus 0.731 6.1 0.790 8_7 -0.059 - 7.5 0.15
Potassium + 0.333 4.5 0.301 5.7 +0.032 +10.8 0.013
Sodium 0.1069 3.0 0.1091 2.5 -0.0022 - 1.9 0.29

Magnesium + 0.0426 1.9 0.0457 3.6 -0.0031 - 7.0 0.005

Creatine t 0.255 3.2 0.238 3.7 +0.017 + 7.4 0.012

E	
Protein 21.7 1.4 21.2 1.8 +0.5 + 2.1 0.074

Body Cells ? 76.0 4.4 68.6 5.7 +7.4 +10.9 0.012

Intracellular Water t 55.5 4.4 50.0 5.8 +5.5 +10.9 0.012
Extracellular Water + 16.5 16.0 22.8 12.8 -6.3 -27.8 0.007

Bone Mineral + 3.08 6.1 3.81 111.0 -0.73 -19.1 0.008
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Table 35. Mean differences in per cent composition of the fat-free body mass
between the 5 Synchronous Control rats and the 5 Vivarium Control
rats of Experiment K-316.

Difference
Synchronous Vivarium Col. 2 - Col. 4

Constituent Mean C.V. Mean C.V. Mean % P

Water 72.7 0.4 72.9 0.4 -0.2 - 0.3 0.29
Dry Matter 27.3 1.1 27.1 1.1 +0.2 + 0.8 0.29

Nitrogen 3.34 1.3 3.40 1.8 -0.06 - 1.8 0.11
Calcium 1.271 7.8 1.300 11.1 -0.029 - 2.3 0.72
Phosphorus 0.794 10.2 0.790 8.7 +0.004 + 0.5 0.94
Potassium 0.290 4.0 0.301 5.7 -0.011 - 3.6 0.28
Sodium T 0.1135 1.3 0.1091 2.5 +0.0044 + 4.1 0.011
Magnesium + 0.0412 9.1 0.0457 3.6 -0.0045 -10.0 0.036

Cr.eatine + 0.219 6.5 0.238 3.7 -0.019 - 7.7 0.040

Protein 20.9 1.2 21.2 1.8 -0.3 - 1.6 0.13

Body Cells 66.1 4.0 68.6 5.7 -2.5 - 3.6 0.27

Intracellular Water 48.2 3.9 50.0 5.8 -1.8 - 3.6 0.27
Extracellular Water 24.4 8.6 22.8 12.8 +1.6 + 7.0 0.35

Bone Mineral 3.72 7.9 3.81 11.0 -0.09 - 2.3 0.72
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Table 36. Water and dry matter composition of the digestive tract contents for
the 5 Flight rats, the 5 Synchronous Control rats, and the 5 Vivarium
Control rats of Experiment K-316.

Animal Number
Parameter F-26 F-27 F-28	 F-29 F-30 Mean S.D. C.V.

F11 ha t Rats

Wet Mass, g 8.26 15.07 10.19	 8.74 6.24 9.70 3.32 34.2
Dry Mass, g 1.73 4.41 2.78	 1.94 1.33 2.44 1.22 50.2
Water Mass, g 6.53 10.65 7.41	 6.80 4.91 7.26 2.11 29.1

% Water 79.1 70.7 72.7	 77.8 78.7 75.8 3.8 5411
% Dry Matter 20.9 29.3 27.3	 22.2 21.3 24.2 3.8 .15.9

S-26	 S-27	 S-28	 S-29	 S-30	 Mean	 S.D.	 C.V.

Synchronous Control Rats

Wet Mass, g 6.05 14.48 4.89 3.90 7.01 7.27 4.20 57.8
Dry Mass, g 1„19 3.65 1.00 0.87 1.21 1.59 1.16 73.4
Water Mass, g 4.86 10.83 3.89 3.03 5.80 5.68 3.06 53.8

% Water 80.3 74.8 79.6 77.7 82.7 79.0 3.0 3.7
X Dry Matter 19.7 25.2 20.4 22.3 17.3 21.0 3.0 14.1

V-26	 V-27	 V-28	 V-29	 V-30	 Mean	 S.D.	 C.V.

Vivarium Control Rats

Wet Mass, g 6.78 6.61 4.27 5.21 5.83 5.74 1.04 18.0
Dry Mass, g 1_.22 1.13 0:77 1.05 1.03 1.04 0.17 16.2
Water Mass, g 5.56 5.48 3.50 4.16 4.80 4.70 0.88 18.7

% Water 82.0 82.9 82.0 79.8 82.3 81.8 1.2 1.4
% Dry Water 18.0 17.1 18.0 20.2 17.7 18.2 1.2 6.5



-61-

Table 37. Statistical significance of the differences in means of the water and
dry matter composition of the digestive tract contents between the
5 Flight rats, the 5 Synchronous Control rats, and the 5 Vivarium
Control rats of Experiment K-316.

Difference
Flight Synchronous Col. 2 - Col. 4

1	 Parameter Mean	 C.V. Mean C.V, Mean Y P

Wet Mass, g 9.70	 34.2 7.27 57.8 +2.43 +33.5 0.34
Dry Hass, g 2.44	 50.2 1.59 73.4 +0.85 +53.9 0.29
Water Mass, g 7.26	 29.1 5.68 53.8 +1.58 +27.8 0.37.,

% Water 75.8	 5.1 79.0 3.7 -3.2 - 4.1 0.18

y Dry Matter 24.2	 15.9 21.0 14.1 +3.2 +15.3 0.18

Difference
Flight Vivarium Col. 2 - Col. 4

Parameter Mean	 C.V. Mean C.V. Mean 2 P

Wet Mass, g T 9.70	 34.2 5.74 18.0 +3.96 +69.0 0.034
Dry Mass, g t 2.44	 50 . 2 1.04 16.2 +1 . 40 +134.4 0.035
Water Mass, g t 7.26	 29 . 1 4.70 18.7 +2 . 56 +54.5 0.037

% Water + 75.8	 5.1 81.8 1.4 -6.0 - 7.3 0.010
% Dry Matter f 24.2	 15.9 18.2 6.5 +6 . 0 +33.0 0.010

Difference
Synchronous Vivarium Col. 2 - Col. 4

Parameter Mean	 C.V. Mean C.V. Mean C.V. P

Wet Mass, g 7.27	 57.8 5.74 18.0 +1.53 +26.6 0.45

3

t

Jl

y

t

11
i^

Dry Mass, g 1.59 7304 1.04 16.2 +0.55 +52.3 0.33
Water Mass, g 5.68 53.8 4.70 18.7 +0.198 +20.9 0.51

% Water 79.0 3.7 81.8 1.4 -2.8 - 3.4 0.087
% Dry Matter 21.0 14.1 18 . 2 6.5 +2 . 8 +15.3 0.087
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