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A, Introduction

For mauny yeacrs the occurrence of oxthostatic intolerance following
bedrest or weightlessness has been tﬁe subject of extensive investi-
gation (1-16). The implications of these studies have been the basis
for several revier articles (17-23).

A number of potential reasons for post-recumbeﬁcy or post-
weighltlessness orthostatism have been considered. These include:
the development of autonomic insufficiency; plasma volume depletiong
and diminished venous compliance with greater blood pooling in the
lgwer extremities.

In prior studies we have demonstrated an intact neurovascular
sﬁstem following béﬂrest by: greater orthostatic increases in heart
rate; an equal or grealer increase in peripheral vascular resistance;

r

unchanged responsiveﬁess to tyramine, a catecholamine releaser; and
by an equai or augmented sympathetic response to Valsalva maneuver (1}.
These studies also failed to show a hemodynamically significant
dectease in plasma volume following bedrest., Similarly, Miller did.
not find good correlation between plasma volume decrease and the
occurrence of vasodepressor syncope following bedrest (6). Although
our previous studies provided no data on the question of increased
venous pooling following bedrest we stated: ”Althougﬁ this cannot
be totally dismissed, it has becen shown that venous tone is increased
minimally and transiently by the stimulus of gravity" (24-26),
”Thus,-there was little protective effect even before bedrest. Since
the h9d£ostatic column is no greater after bedrest than before; it

would be unlikely that its effect would be more pronounced after

bedrest' (1).
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In our prior studies we demonsirated a net water deficit of 2-3
liters during fourteen days of absolute bedrestﬂ This occurred
with a minimal decrease in plasma volume duriﬁg bedrest, On this’
basis we postulated that thg fluid Toss had occurred from exira-
vascular compartments. If this occurred, tissue pressure would be
diminished during post-recumbency tilting. Thus, there would be
less resistance to capillary filtration with a large and progressivé
transudation of plasma water into the tissues of the lower exiremities
during the post-recumbency tilt. The progressive diminution of
vascular filling pressure would vesult ip a falling venous return
Lo the right heart. Central blood volume and stroke volume would
decrease progressively. Initially, an increase in sympathetic tone
would maintain blood pressuré as nearly optimal as possible. At
later stages the increase in peripheral resistance would tend to
further impede blood flowv and venous return., Eventually a critical
lower limit of central vascular filling would be teached signaling
the imminent occurrence of failure of biood flow to the low pressure
beroreceptors. The latter would attempt to maintain blood f£low by
decreasing sympathetic tone. The resultant increase in vascular
capacity would result in a dramatic drop in blood pressure while
the relative vagotonia would cause theAmarked bradycardia or sinus
arrest seen in severe cases of post-recumbency orthostatism,

From their classic bedrest study of immobilized .subjects,
Dietrick, Whedon and Shorr suggested that there was a greater loss
of fluid into the extravascular compartment in their subjects during

post-recumbency tilting (4). .Lamb also suggested that redistribution
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of fluid volumec may play a role in cardiovascular deconditioning (20},
A similar speculation was ﬁadc by Vogt (11). lle subsecquently
demonstrated large éhanges in extracellular £luid volume (358) and
total body water (3H20) éuring ten days of bedrest'(ZS).

The present study was designed to define the alteralbions in

body fluid compartments that occur during four veeks of weight-

lessness as simulated by absolute bedrest,

B. Experimental Design
1. General

Hlealthy wmale voluntecers, ages 21 - 29, served as subjects
for the present study., All volunteers were obtained from the Federal
Correctional Imstitution, Lowmpoc, California by permission of the
U.S8. Bureau of Prisc;nsu A1l volunteers werc screened by the Medical
Staff of F¢C,I:—Lompoc to exclude major or chronic health defects.
Also, potential volunteers were subjected to a 70° passive tilr
for twenty minutes to exclude the presence of autonomic insufficiency.
A tilt table with English saddle was provided to the F.C.L. staff
for th;s purpose.

On completion of the screening procedure, the volunteer was
transported to the U.S. Public Health Sexvice Hospital, San Francisco,
Californi\ao On arrival the volunteers were admitted to the Metazbolic

\
Unit where a cowplete medical history was taken and a physical
examination was performed. A twelve-lead electrocardiogram was done
as'well as a chest x-ray. A flat film of the abdomen was taken to

exclude radiopaque renal stones. Routine laboratory evaluation’

‘included CoB.C., urinalysis, serology, fasting blood sugar and blood
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urea nitrogen, S5.G.0.T. and alkaline phospﬁatase.

Each subject was placed on a metabolic diet for seven days
prior to entering the study and was maintained on this diet throughout
the study. The dietetic aspects of the atudy arc covered under B-4,
Metabolic Dietetic Program, During the week of equilibration, the
volunteers were instructed in urine and stool colléction and in
intake recording by the metabolic nurses,

The details of the study ‘'were explained to each subject
verbally and in writing and each subject signed an informed comsent
permit,

The study consisted of three phases, a fourteen day awbulant

!
control phase, a twenty-eight day bedrest phase, and a fourteen day
ambulant recovery phase. During the ambulatory phases the environ-
mental temperatures were maintained as near constant as possible
and no exe?cise except walking was permitted. These measures were
necessary in order to avoid large differences in insensible loss
between the ambulant apq bedrest phases, While at bedrest the
horizontal position was-required at 21l times with unrestricted
movement in this axis., Arm movement was limited to forearm raising
with elbows on the bed. One pillow was permitted for head support.
All excretory activities and meal consumption were carried out in
this position, Excessive boredom was avoided by.thé use of reading
material, games, radio and television.

Initial total body radiation dose calculation permitted

performance of eleven multiple isotope volume studies on the subjects.

However, after the initial two subjects it became épparent that
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performance of the studies at such close intervals would require
dosg augmentation beyond permissible limits. Adjustments were made
-in frequency on Subjects 3 and 4 and it was determined that a
maximum of seven studies could be performed, Theréafter, only
minor adjdstments in scheduling were made, These were necessitated
gy random and uncontrollable events and were deemed to have no
significance to the over-all study. An example would be the shift
of a study by one day on non-critical days, i.e., not during bedrest
onset or termination.
2. Detailed Protocol .

The protocol to be presented is the final protocol on which
all analyses are based.

a) Daily Procedures

1)} Temperature, pulse and blood pressure recordings, b.i.d.

2) Determination of body weight on a metabolic balance
immediately after completion of 7:30 AM urine collection.

3) Determination of intake and output,
b) Urine Collection and Analyses
1) Twenty-four hour collections were made on Days:

C 1-6; C 9,10; C 13,14; B 1-6; B 13,14; B 27,28;

R 1-8; R 13,14. Forty-eight hour collects were made

on all other study days.

Each voided sample was placed in a gallon container
without preservative. The urinal was rinsed with 50 ml of distilled
water, This aliquot was also poured into the container. The sum of
rinsing volumes was deducted from the total twenty-four hour volume

to determine urine output. Total volume was utilized in calculating

.chemical data. Pooling of two day samples was done by combining 20%
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volume aliquots of the two samples_iﬁto a‘single sample. (For
example: If Day 1 urine volume was 2000-cc, a 20% aliquot or
400 cc was removed; if Qay 2 urine volume was 2500 ce, a 20%
aliqﬁot or 500 cc was removed; the 400 and 500 cc aliquots were
combined to give a representative &8 hour sample.) All urines
were refrigerated until sample aliq;ots were obtained. The
latter were frozen.

2) Urine specimens were analyzed as fgllows:

+
a, All samples were analyzed for Né+, K,

Cl™, Ca'", nitrogen and creatinine.

b. Aldosterone excretion was determined on
the following days: €23 C 7-8; C13; Cl4;
BLl: B3; B 7-8; B 15-16; B 21-22; B27;
R1l; R2; R6; R 11-12, :

¢, Osmolality was determined on days: C1;
C9; B2; B l4; B 28; R7; R 14,

¢). Stool Collection and Analysis
Stools were collected in three day pools, stored in
an epoxy lined paint can. Stool weight was determined by subtraction
of can weight., A known weight of distilled water was added to the fecal
méterial. This mixture was homogenized by a paint can shaker. An
aliquot of the homﬁgenate was frozen for subsequent analysis.
Stools were prepared for calcium analysis as follows:
2 ml. of fuming nitric. acid were added to a known weight of fecal
homogenate (approximately two grams) . fhis was heated until digestion
was complete. The digestate was then diluted to 100 ml. for analysis:
d) Blood Chemistry and Hematology 7

Blood samples were drawn om Days Cl, C9, B2, B 14, B 28,
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R7, R 14, Tﬁese were analyzed as foilows:

1y Ali s;mples were analyzed for Na+, K&, cl,
Ca++, osmolality and creatinine.

2) Red blood count, hemoglogin, hematocrit, white
blood count and red blood cell indices were performed on all study
days on.Subjects 1-12. This study was then discontinued as there
appeared-to be no change whiéh was not related to phlebotomies,

3) Serum Haptoglobin and Hemoglobin -~ Intitally thi;
study was planned on all samples., Sipce the analyses were not -
available in our laboratory,arrangements were made to have them
performed by Bioscience Laboratories, After many futile attempts
t; cbtain reliabie results, the analysis was aﬁandoned.

4)  Serum proéeins were determined before and after
tilt on Day C 14 and Rl on Subjects 7, 9~18, and 23-24,

e}  Isotopic Volume Studies -

1) Plasma Volume as determined by 125I—RISA, Extraf
cellular Fluid Volume as determined by 82Bromine, Red Cell Mass as
determined by 51Chromium and Total Body Water as determined by 3sz
were measured on Days Cl, C9, B2, B 14, B 28, R7, and R 14,

2) Pre- and post-tilt 125I--RISA plasma volume was
determined on Days Cl4 and RL on Subjects 7, 9-24,

£) 70° Tilt and Exercise Studies

These studies were performed on Days C 14,‘R1, R3,

R and R i5. ‘

g) Pulmonary Function Studies

Performed during Control Week 2 and on Recovery Day 1.



3. Methodology
a) Biochemical Methods - ALL studies were performed in duplicate.

1} BSodium and Potassium were determined on serum, urine
and diet by standard techniques using an Instrumentation Laboratories
flame photometer, Model 143, |

2) Caleium was determined on serum, urine, diet and
.feces by me;ns of a Perkin-Elmer atomic absorption spectrophotometer
by methods previocusly described (1), .

3) Chloride was determined on serum and urine by means
of a& Buchler-Cotlove Chloridometer,

4) Creatinine was determined on serum and urine by
methods previously described (1).

5) Totai urinary nitrogen was determine& utilizing
methods perviously déscribed {29).

‘ 6) Serum proteins were determined by previously

described wethods (1),

7) Aldosterone excretions were deéermined by contract
with Bioscience Laboraébries, Van Nuys, California.

8) Serum and uriqe osmolality were determined using an
Advanced Instruments Osmometer,

b) Isotopic Methods
1) Multifle Isotopic Volume Studies
' "a. General. The performance of multiple isotope

studies on repeated occasions requires that the doseg utilized be
maintained below a total body radiation dosage of 100 mr/week, In

. the present investigation it was necessary to perform the studies
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at close intervals, Due to the half-liveé of three of the four

isotopes (125
82 '

I - 57.4 days, 51Cr--- é6?5 days, 3H - lé°é6 years,
Br - 35.9 hrs,) there was a relatively high residual count at
the time of-performance ‘of each study beyond the first. Therefore,
in order to obtain a sample to residual ratio for each isotope of

- 2
no less than 2 to 1, it was necessary to augment the dose of ! 5I,

51Cr, and 3H with each study. The total dose of each isotope was
calculated to give a gross sample count rate of at least 10,000/
20 min. counting peripd. The combination of short study intervals,
‘isotope half-lives, need for good counting statistics and consider-
ation of patient risk resulted im an inability to perfprm more than
s;ven studies on eéch_subject during an eight week périod°

In the preparation of patient dosges. sterile technique
was maintained at all times. The amoun£ of isotope contained in
.'dose syrinée was determined gravimetrically by weighing on a Mettler
balance to the nearést 0.05 mgm., Approximately 10% of each dose
was expelled into a 100 ml. volumetric flask for standard preparation.
Syringes were then re-weighed to determine standard and pre-injection
syringe weights., Prior to injection of the lsotopes, a blood
samplé was taken for determination of résidual isotope concentration,
An indwelling needle was securely placed in a fo?eafm-vein of the
fasting basal patient and attached to a bottle of 5% D/W, All
isotopes were injected through the injection port of the I,V tubing{
the syringe plunger being held fi;mly to prevent any backwash of

fluid from the tubing which would alter the post-injection syringe

.Weighf. The system was flushed after delivery of each isotope and
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100 ml of 5%.D/W wvas alloved to run in afﬁg; deli?ery of the

final isotope. Syringes were re-weighed to deterLine the weight
of dose delivered, Heparinized sampies_were then drawﬁ at ho;rly
intervals for six hourSQ- Subjects were allowed to eat and resume
normal fluid consumption ome hoﬁr after isotope in%ection. After
preparation (see individual isotopes) all samples were_counted ;n
a combination Tracerlab Gamma Guard II-Corumatic system, Each
sample was counted three times for twenty minutes. The mean of
the three values was used in calculations., .The total dose of each

isotope was determined as follows:

Dose = ‘Wet CPM/ml Standard x Dilution Standard (ml) x Weight Dose

Weight Standard

125

bo T-RISA Plasma Volume Deterwmination

The initial dose utilized was 2ue. This was
increased by 1 pc increments as subject's residual count increased,

The required dose was made up from 12SI-RISA stock in a sterile 10

vial to which 0.1 ml, of sterile human albumin:was added, The iatter
was necessary in order to prevent adsorptiom of the 125I—RISA by
glass. The volume was adjusted to allow 2,2 ml., of the dose to be
drawn into the injection syringe. One &1, of 25% albumin was also
addeé‘to the standard flask (see above) for the same reason.

125

Plasma I-RISA levels show a significant

decrease over short time periods, and Hoye has shown multiple sampling
and extrapolation of the 125I disappearance curve to To to be the

most accurate means of determining plasma volume (30). During the

—initial phases of the present study, samples were drawn at 10, 20,
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30 and 60 minute intervals after iﬁjection, as well'as at 1, 2, &4
and 6 hour intervals, This allowed a compagison of plasma volumes
obtained from a semilog arithﬁic regression line derived from the
10, 20, 30 and 60 minute counts with thsse obtained from regression
oﬁ the 1, 2, & and 6 hour counts, The results of this analysis are
shown in Part I, Table A. -It is apparent that there is no significant
difference between the plasma volume results obtained by the two
sampling techniques (P < .3). However, the mean correlaticn
coefficient for the regression lines obtained with the long sampling
interval was -.962 as contrasted to a value of ~.352 for the short
sgmpling interval. Because plaéma volumes were unchanged and the
correlation coefficients for the rvegression lines were much better
wiéh longer éampling.intervals, sample collection was changed to
hourly sampling for the initial six hours after injection. This
.nSt only allowed a better portrayal of the 125I--RISA disappearance
éurve, but also allowed a reduction in éampling frequency and
‘volume, All plasma samplés were held for 5-7 days before counting
to allow time for decay of'ngrn.

It has been observed.in this laboratory that
external factors such as tourniquet application alter 125I-RISA
count 1;vels. This appears to be due to a local concentration
change resulting from transudation of plasma wafer.and it correlates
closely with cﬁanges in hematocrit. This has necessitated the use
of a correcti;n factor.based on, @ematocrit. In any series of

samples the mean or predominant hematocrit is accepted as being

the true hemateccrit., Net CPM/ml plasma for each sémple are then
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- corrected by the formula:

Net CPM/ml x Mean Het,

..Corrected CfM =

Sample Het.
:Aftep quther correction ?f plasma counts by subtrgction of the
pre—gnjéction‘residuai count level tﬁe hourly counts are regressed
éemi~lcgarithmically to the time.of injection (To)° Plasma volume
.1s then calculated by the formula:
Total Dose CPﬁ

Plasma Volume =
. CPM/ml Plasma (o)

SIChromium Red Cell Mass (Volume) Determination

The dose utiiized on the first study was 8 pc.
This was increased to 31 pgc by the final study, Total dosage was
115 pe  for the éeven studies. 1In the preparafion of each dose,
9 ml, of the subject;s blood was drawn with a sterile heparinized
'syringe and {njécted into é sterile plastic tube capped with a
sleeved stopper. The £equired dose was injected into the tube and
the tube was rotated gently for 45 winutes at éoom temperature,
After cenﬁfifugation, tge plasma was removed and discarded, The
cells were then washed Fﬂree times with 5 ml. sterile saline to
remove all Slcr which was not bound“ﬁﬁ red cells, The cells were
thgn re~sﬁspended in géliﬁg aﬁdthithdrawn into a sterile syringe
for injection, Calculation of # Fivered dose and preparation of
standards was as noted above, TFollowing én early equilibration

1Cr count levels remginéd quite stable over the-six hours of study,

Therefore, only the pre-injection and first four hourly samples

were prépaped for 510: counting. Five ml. of whole blood from each
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sample were plpetted into glass countlng tubes callbrated at 3 ml, '
‘The tubes were centrlfuged and the plasma removed Cells we;e
,Washed three times with 5 ml. normal sallne to remove 82Brn Tﬁe_”
volume of the red cells was then adjusted to the 3 ml. calibrétion
mark, The red cells weré then iysed with saponin. ¥Following
counting, all resulfg are co?rected for decay to the time Af
injectioni'_The sample counts represent net CPM/ml of whole blood,
These are divided by the hematoérit (corrected for trapped.plasma)
to convert thém to net CPM/ml of red cellsol The ﬁed Cell Mass is
tﬁen calculated for each of the first four hourly samples by thé
formula:

fotal dose CPM

"Red Cell Mass =
© Net CPM/ml red cells sample - Wet CPM/ml ved cells residual

The four values were then averaged to determine Red Cell Mass,

de 82Bromine Extracellular Fluid Volume Determination

'Thé dose utilized for all studies was 20 uc. The

distribution of radioactive bromine is similar to that of chloride (31).
It is also known to be distributed to areas not considered part of the
extracellular compartment, such as red Fells and gastric fluid, in
.addition, it 1s ex;reéeq by the kidneys. Prior s£udies have differed
-iﬁ théif figdings regarding red cell uptake, Staffurth and Birchall
‘Found uptgke to be approximately.S% of-the 823r dose (32}, However,
.ﬁicholson and Zilva found an uptake of only 2% after 24 hours (33).
The question of red cell uptake was investigated in the course of
ouf stpdies in order tq insure valid data, Iﬁ our éxperience, red

cell uptake reached equilibrium soon after intravenous injection and
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remained relatively stab;e over the'sig hou; sampling period,
» However, as might be entieipated;‘the percentage of dose‘ﬁaken

up by the red cells varies with red cell mass. When méan red.cell
uptake, expressed as percentage of 82Br,‘ dose was related to meae
red.cell mass in ten subjectss the correlation ccefficient was

found to be 0,945. The mean red cell uptake of SZBr for 63
determlnatlons of extracellular fIUld volume on nine subjects was
4.47 of the total dose with a range of 3.2 - 5,77. S8ince red cell
mass consistently shows a decrease w1th the multiple phlebotomies
performed in this stu&y, it has been necessary in all studies to
count botth whole blood and plasme and correct the dose for the
amount of 82Br lost to red celle.

Many authors feel‘that corrections for red cell

‘uptake and urine iose of 823r compensate for changes in the observed
eeraeelIular space which are reflected by changes in plasma levels
of 82Br after equilibration of the dose (32-34), They use a single
determieation or the mean of several determinations as their value
for extraeellular Space; Hewever, it is our experlence that serial
determlnatlons of extracellular volume at 2, 4 and 6 hour intervals,
-with corrections for both red cell uptake and urine loss, show a
consistent increase in the observed space. This is shown in Part I,‘
"Teble B, These findings indicate a progressive loss of 82Br from
tﬁe.extracelluiar compartment which is not eccounted for by these
corrections. Since this loss is consistently seen in all cases,

it has been corrected for by semi-logarithmic regressiomn of the

observed values for extracellular fluid volume to Td. As urine
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xloss of 82Br“:;.s also a ccntlnulng process, it was reasoned that
-this loss should also be accounted for. by the regre551on curve
'of ser1a1 extracellular fluid volume determinations. A comparison
of yalues obtained with'and Withou§ correction for uriue loss was
‘ma&ee The results are shown in Part I, Table C: The balues shown
with correction were derived from three sampling times, the latesc
at six houré. The values without correction were deterpined on
gha hésis of five sampling times, the latest at six hours. It is
“apparent that ﬁo difference in the two methods exists., Therefore,
collection of urine W;s discontinued and samples were drawn hourly
ovef the six hour period tovgive é'ﬁore.complete description of.
plasma 823r disappearance, . |

ﬁbwe and Ekins have shown an 823r loss of 207
into the gastric fluid after 12 hours (35)n However, Nicholson
and Zilva found only 0.3% of the’dose to be lost in feces over
a three day period (33). %hus, most of the 82Br secreted with
gastric fluid must be reabsofbed into the genefallpbol. Since.
this represents a continuous pracess, it should also be accounted
for'by regression of the plasma disappearance curve.

Calculation of extracellular fluld volume was made
in the followxng manﬁer, The totgl dose of 82Br delivered was
calculated as prev1ously described, The effective dose was then

calculated by'cor;ectiné for RBC loss as follows:

'RBG Loss = Eed Cell Mass [CEM/ml Whole Blood - CPM/nl Plasma x (l-corrfct)’

%
) Corr. Het,

. * Correction for trapped plasma,
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Extracellular fluid volume for each sampling time was then
calculated by the formulag_

Effective ~~Br Dose (CPM) '%'
X L9

Extracellular Fluid Volume =
- Fet Plasma CPM/ml -

"% Factor to correct for Gibbs-Domman - equilibrium,

T .

The natural log of the volumg at each of the six sampling intervals
was obtainefl° Using linear regregsion, the log of the volume at
T, was determined, The extraceilular fluid volume at To is the
' antilog of this number. ‘ |

. e 3H Tota; Body Water Detefminatiﬁn

The dose of 3I-I utilized_op the first study

was 700 pc. The total dose was increased by 50 pe increments
with each study. It-had been noted previously that plasma 3H 0

2

concentration shows a progressive decline after injection and that

-

regression to To is neéessary to obtain accurate results (36), In

our laboratory the @ecrease in plasma concentration from the extrapolated
value at T, to the final sample at six hours varied from 1.1% to

9;9% with a mean decrease of 4,.7%. Therefore, the results from

the six houriy samples have been used to determine the concentration ’
Tat T0 in the present study., This type of anaiys%s correcis fér‘
continugd'distributioq and equilibratioﬁ as well as urine loss,

‘The results af studies using correction for urine loss and using

iinear regression without urine loss correctioﬂ are shown in

_Parf I, Table D. It is apparent that results atre virt;ally identical

and correlation coefficients are improved when linear regression is

utilized withouf urine correction, Therefore, urine loss correction
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was eliminated in the present study._'In'p:éparation of the samples
aﬁd staﬁdﬁrds for counting, the special‘lypphilizatién ménifold.
.‘descgibed by Moss was used (37). ’iyophilization is preferable to
prqtéinzprecipitants in the elimination of interfeiing plasma
_cpnstitqénts and other isotopes, Thi; is true because the protein
ﬁrecipitants are strong quenchers, Tﬁis mékes liquid scintillation
: count;né difficult and perhaps less accurate due to lower count
r;teg; In the present study all samples and standards were
lyophilized in duplicate. Precaution was taﬁen,to avoid contamination
of thé lyophilized samples with atmospheric moisture,

| During the course of study it was noted that repeat
analyses of stoéed sampies gave total-bgﬁy water resﬁlts which were
at great variance frqm initial results._.This problem was épproached
from several viewpoints. The reason for the change was relatéd ko
fﬁe method of plasma storage. It had been our practice to retain
the plasma used for gamma counting for any future need. This plasma
was frozen in the piastic tube in which it had been counted, The
“tube was capped with laboratory sealing film,_ To evaluate the
question of loss of radioactivity during storage, known amounts of
triéium were added to plasma and frozen in plastic tubes and compared
ﬁ;th matching samples frozen in glass tubes, After three weeks of
storagé the samples were_lyophilized.aﬁd counted. Recoveries from
the glass-stored samples ranged from 101,4% to 103,9i while those
from the plastic-stored samples ranged from 46.9% to 89.3%. The
mechanism of Ehis_loss of 3H is not kanown. Since 3H 0 is fully in

2

_equilibrium with HZO in the samples, any water loss would not change
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_Ehe'coneentration of 3H in plasﬁa watei:e The results suggest an
exchange of 3H with H from the walls of the plastlc tube. After
Jdiscovery of this problem, all reszdual plasma was frozen 1n
glass i:ubeso .

Follcwing-lyophi;ization, 0.1 ml. of each sample
and sfeqdard was pleced in a2 liquid scintillation coenting vial ‘
with 1 wl. Amersham-Searle NCS solubilizer. After approximatel}
ene hour iO el. of scintillation fleid (PPO;POPOP in toluene) was
added to the vial and tﬁe sample was counted, Total body water

was calculated by the formula:

T;B.W, - Total Dose Count

Net CPM/ml Plasma H.O at T0

2
2) Pre- and Post-Tilt 1251-RISA Plasma Volume

" Determination

- This study was perfermed in an attempt to define
‘the volume of fluid transudated from the plasma compartment during
the 70° tilt, Prior to the pre-bedrest tilt and fhe first post~
bedrest tllt,_%zsI RISA was injeeted and plasma samples were
obtained at ten minute intervals for a periee of thirty minutes.
ffe-tilt plasma volume was celculated as described zbove (G-Z;a-z)
%@'extrapolation of the three plasma results to Toe

: The patient was then placed in the 70; tilt.
Iemediately oe tilt eoen (fd) end at 5 and 10 minutes after'Td
additional plasma samples were obeained. Predicted post-tilt
‘plasma CPM/ml were calculated by extrapolating the pre-tilt plasma

1251-RISA disappearance curve to Th (Pre CPM Td). The post-tilt
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: blasma diséppeérance curve was also egtrapoléte& to Ty to obtain
the actual plasma CPM/ml at Ty (Post CPM d}o- Post tilt plasma
volume was then calculated as follows:

Post-Tilt Plasma Volume = Pre-Tilt Plasma-Volume x Pre CPM Td

Post CPM T,
ey - 70° Tilt Study

“On all study days the subjects were brought to the
laboratory in a fasting basal state, All measurements were made-
by non-invasive techniques and were reéorded on .an oscilloscopic
éecorder,* EKG was measured by a modified Tead I ﬁ?ilizing three
thoracic leads., Heart rate was measured beat-by-béat by a ‘tachometer
t}iggeréd by the R'Wave'of the dRS complex. Blood pressure was
measured by a stan@ard manual sphy-gmomanorheter° Lowef limh volume
was measureé by a si&gle strand mercury;inrrubber strain guage.
This guage.was calibrated at zero iﬁpedance with a 20 gram weight,
The device was then placed 10 cm. below the right tibiél tubercle
and tighﬁened to the zero point., Oxygen éonsuﬁption was measured
-in duplicate by previou%ly described techniques prior to tilting (1).
Basal heart rate and'blood pressufe Wére obtained on at least two
occasions prior to tili, Fcllﬁwing baseline meas;rements the subject
'was'placéd in a 70° foot dovm tilt using a tilt table equipped with
an Eﬁglish.saddle. The tilt was maintained for.ZO minutes or until
syﬁboﬁe or pre-syncope tsymptomatic hypotension) occurred. During
_the tilt changes in heart rate and limb volume were recorded

continuously. Blood pressure was measured every thirty seconds,

Following termination of the tilt, these measurements were continued

.% Electronics for Medicine
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: for ?iye minutes with an addiéional épot check at ten minutes.
{d}i_Exefgng étud}
:?his:wa; perfoémed following recovery from the tilt

gt&dy, -Insérumentation Wa; the same except for discontinuation of

limb volume measurements. Exercise was pérformed in the supine

' p;sitioﬁ utilizing a bicycle ergometer* at a pedaling rate of 50
REM, For Subjects 1-17 a sténdafd protocol was used. The subject
-ﬁedaigd f&r six minutes each at work levels of 50 watts, 75 watts
and’ 100 watts, R;st was allowed between each work load, Blood
pressure and heart rate were measured at three and six minutes of
each level. Oxygen consumption was meagured in tﬁe steady state
between the fourth and sixth minute of exerciée. On completion of
the 100 watt exercié? period, heart rate recovery was monitored
contiﬁuous}y fof five minutes with a spot check at ten minutes.
The‘oﬁly variation in Subjects 18-24 consisted of a modifieaﬁionv
iﬁ'woré loads., The subjects warmed up for two minutes at 50 watts

,énd then exercised for six minute periods without rest at work
loads starting ;t 100 watts, increasing by 25 watt increments an@
terminacing with exhaustion.

g)- Pulﬁonary Function étudy
This consisted of measurement of vital capacity (VC},

one second forced éxpiratory volume (FEV-1), residual volume (RV),
total Iung capacity (TIC) and carbon monoxide diffusion capacity
(DCO),: RV and TIC were &one by the helium dilution method, DCO

was performed by the single breath method. All techniques were

-gstandard (38).

*_ Lanooy Ergometer



4. Metabolic Dietetic Program
a) TFormula Balance Diet

Subjects 1-4 were fed a diet which consisted primarily
of a formula prepared in the Metabolic Kitchen. Two basic diets
were used, a 2000 calorie diet and a 2500 calorie giet, with the
ﬁgfe that each subject would.maiﬁtain-his weilght within a kilogram
fog the duration of the study. Both-diets were calculated according
to tﬁe féllowing prescription: 80 graﬁs protein,“40% of the_total
calories as fat, 3% of the total calories as linolgic acid, 1 gram
calciﬁm, 115 milliequivalents of so@ium, and a starch-sugar ratio
of 1::3, Each subject was interviewed upon admission by the Research
Dietitian who deci&ed which of the two caloric levels to use on the
basis of the individgal's height, weight; and body build. In addition
to the diet, all subjects received two hexavitamin pills daily,

Three of the subjects remained on the diet for 63 days,
*the firét 7 days of which served as an eéuilibration period, The
- fourth Subjecﬁ, volunteer number 3, remained oﬁ the diet for an
extra week. They were instructed to eat all food served to them,
to rinse containers afterward with distilled water, and to report
any spillage so that it could be replaced.

The details of the constituents of the formula, method
of preparation, sample menus, and calculated composition of these
diets has been described previously (1).

b) Solid Fool Balance Diet

The remaining volunteers who participated in this study

Were fed a balance diet consisting mainly of solid foocds, The
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-conversion from the formula diet to solid foods was made when a
‘new Metabolic Kitchen with complete cooking and dishwashing
facilities was opened,

The prinqipal,aspects of)this type of metabolic food_-

gervice were as follows:

~ 1, Subjects were on a balénce.diet for an average of
63 days, which included 7-day equilibration perlod
2. Each subject selected one menu of h1s own choice,
qonsi;ting of three meals and an evening snack, from the foods
available, (Part I, Table E)

3. The Research Dietitian then calculated the nutrient

x

-content of the chosen menu, adjusting the weights of foods so that

the diet was isocaloric and contained 162-163 milliequivalents of

»

.2 . . . ' . . .
sodium.” Those diets which were inadequate in Vitamin C were

l‘supplementéd with one 50 mg. tablet of Vitamin C per day, dispensed

by the nursing staff No hexavitamins were used.

4

&, A daily weighed amount of reagent grade sodium
chloride was given in labeled individual salt shakers. The subjects
“had éo use all of thei; salt by the end of the dinmner meal. _

5, A maximumﬁof three individual'éepper packéts per

hday were given and were not calculated into the diet.

1Durlncr the latter part of this study, subjects were allowed to make

minor changes in their menus on the second day of the equilibration
period after having tried the menu once, Thereafter, no changes in
the diet were made unless the subject was losing too much weight,

ZIt should be noted that there was a calculated difference of 47-48
mitliequivalents of sodium between the formula diets and the solid
food diets. The reason for this is that a solid fool balance diet
with only 115 milliequivalents of sodium would have been too unpala-
table, since it would have necessitated the use of low sodium foods.
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*.6, No frash foods were used. ?Egatabies'and fruits

wera camed, wmilk was camned or powdered, and eggs and meat frozen.

"7. TFoods for each subject's study were derived from
common ‘10tS to insuré as much constancy in ﬁineral content as yossibiec
" 8y Foods were weighed on Mettler top-loading balance -
éﬁales ﬁith an,accuraéy to 0.1 gram,’
Q. Di;tilled water waé u&eﬁ for cocking.
10. éhe subjects were expected to eat all food served
to them. Thé? were instructed to clean their dishes thoroughly
and &0 ringe glassware with distilled water., (Part I, Table F}
-11, Foods that %ere spilled or dropped on the floor
were replaced,
12, TFour,diet aliquots per-sﬁbjéct were senk to the
laboratory for mineral analysis,
A sample menu with the total calculated nutrient
composition follows., When it was necessary to increase the calories
because of weight loss, Kool~Aid was added to the diet which.did not

‘change the mineral content appreciably.



Gramg

150
25

" 80
161
25
io
21 .
540

420
150 .
20.
100
15
150
100
100

160 -

360
60

25

1.8

SAMPLE MENU FOR A SOLID FOOD BALANCE DIET

Food
Orange juice
Wheaties
Eggs
Broad, white
Butter, sslted
Jelly :
Sugar
Mi1k, whole
Coffee, instant

Rosé wine
Beof tenderloin

Tnstant potatoes {dry wt.)

Peas, canned

Joilo (dry wto)
Ground beef

New potatoes, camed
Green beans, canmed

Baked custard (home recips)

Coea Cola

Tuna, canned distetic
Mayonnaiss .

Sodium chloride

Broakfast

5
:

E ,vm‘ ine
Snack

Hony,

Orange Juice
Whesties
French Toast
Butter
dolly

Milk

Coffee

Sugar

Rosé wine . '
Boof tendsrloin ~ broiied
Mashed potatoes

Poas

Bread

Butter

Jello

Milk

Ground beef patly « broiled
Now potatoes
Green beans

Bread

Buttor .
Baked custsrd
Mizk

Tung Sandwich
Coca Cola

Sal% » 1.8 grams/day

-{iz-
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CALCULATED NUTRIENT COMPOSITION OF THE

Mutrient
Calories

Protein
Nitrogen
Fat,
Carbohydrate
Alecohol
Sodium

Potassium
Caleiun

Fhosphorus
Hagnesium

Iron

Vitamin 4
Thiamine
Riboflavin
Fiagin
Lgcorbic Aecid
Cholesterol

SAMPLE MENU

Upit

grams
gmSe
gnSe
gD1So
gmSo
mgso
g
mgSe
kg,
mEs,
m&]_e i
HgSe
ngSe
mE'(lo

mes,

ngse
mgse
nESe
EZSe
BESe

Amount:
2032

144,7
23,15
116.3
306,0
11.8
371, 0
162,78
5099, 0
105,10
1106,0
55.18
2005,0
342,0
28,12
23.4
470l
1043
2,63
33.4°
103.0
1147,0



DIET INFORMATTON ON NASA VOLUNTEERS STUDIED FROM AUGUST, 1967 TO JUNE, {970

Yoluntesr Diet

i 2000 cal., Formuls
2500 cal, Formula .

2 2000 eal, Formila
3; 2500 cal. Formula
L 2500 cal, Formula
5 2000 cal., constant
godium, SOLID FOGD
6 2000 cal., constant
sodium
7 2000 c¢al,s constant
sodiwn .
-8 2600 ecal., constant
sodium
9 2300 cal., const. Na

2100 cal., const, Na

Dates on Diet

8/15 thru 8/24/67
8/25 thru 10/i6/67

8/45 thru 10/16/67
9/26 thra 12/4[67
10/31/67 thrua
1./4/68

1/#1 thru 3/11/68
1/11 thru 3/11/68
3/27 thru 5/28/68

3/27 theu 5/28/68

6/6 thru 6/18/68
6/19 thru 8/6/68

% Stapt of solid food balance diets,

Waight Status

While on Dist

Gained 0.8 kgo

LOSt 005 }ﬁgo

Gained 2.1 kge
Lost 2,1 kge

Logt 0.2 kgo
Lost 1ol kgo
Gained 0.2 kgo
No change

Logt 269 kgo

Notes

Calories increased
because of wht. loss,
Suspect cheating on diet.

Very unccoperative.
Suspsct cheating on diete

Extra weok on balancoe diete

Diet error -2/27
Received Amphojel.

Diet errors- 1/26, 2/10,
2/20, 221,

Diot error ~ &/8,
Diet errors- 4/8, 5/5.

Galories incrsased
bescause of wt. loas,
Diot errore 6/21.

—93—



DIET INFORMATION ON NASA VOLUNTEERS STUDIED FROM AUGUST, 4967 TO JUNE, 1970 {cont, )

Volunteer Diot

10 2800 cale,

sodium

i1 2400 caley
sodium

12 éZOO éalog

2""65 C&log

13 2500 cals,
- godium

ik 2350 caley

2590 calag

is 2500 cale,
" sodium

16 2500 caloey
godiun

1?. 2100 C&log
sodium

18 2500.03109
sodium

19 2255 06.109

2365 0&109

2635 0&109

consiant
constant

eonst. Na
conste Na

constant
const, Na

const. Na

constant

constant
congtant
constant

conste Na
const. Na
conste Na

Dates on Diet

6/6 thru 8/6/68
. 8/14 thru 1o/i5/68

8/14 thru 8/19/68
8/20 thru 10/15/68

1/22 thru 3/25/69
1/22 ithru 2/3/69

2/4 thra 3/25/69
/167 thru 6/20/69

L1416 thru 6/24/69
7/16 thru 9/16/69
7/16 thru 9/16/69

- 1.0/8 thru 10/13/69
10/14 thru 19/28/69
10/29 thrm 12/10/69

Woight Status
Whils on Diet
Gained 1.6 kg
Lost 0,8 kgo

Lost 0s2 kgo

Lost 0,9 kge
Logt 2 kigo

No change

Lost 2.9 kg-
Gained 0.6 kg

Logt 1.5 kge

Lost 0,9 k&o

Notes

Calorles increased
becauso of wt. loss.
Dist errors- 9/i3, 10/ik,

Dist errors- 2/25, 2/26,

Calories increased
bacause of wt., 1098,

Dist errors- 6/1, 6/2,
6/3, 6/4. Suspect
cheating on diet. Did
not complete study.

Diot orrors- 5/13, 6/i,
6/2, 6/3, 6/, 6/8g 6/16n

- Lz-



Volunteer
20

21
22
23

2k

DIET INFORMATION ON NASA VOLUNTEERS STUDIED FROM AUGUST, 1967 TO JUNE, 1970 (econt.)

Diet

2535 C&lep
sodium

25?0 Calog
- sodium

2750 calas,
sodium

2600 ocaleg
sodium

2930 C&log
sedium

constant
congtant
constant
constant

econstant

Dates on Diet
10/8 thru 12/10/69
11/6/69 thru
1/6/70

11/6/69 thrua
1/6/70

1/15 thru 3/17/70

4f1 thru 8/19/70

Weight Status
While on Diet
No change
Gained 0,7 kge
Lost 304 kga

Leost 1 kgo

Gained 0.8 kg.

Notes

Suspect cheating
on diet,

_83_



CALCULATED TOTALS OF PERTINENT NUTRIENTS IN BALANCE DIETS OF VOLUNTEERS

Yolunteer Cal,

V=S« RS Y - I\

10
11

8/15.8/24
1996

8/25-10/16

2497
19396
. 2500
21497
12024
1999
2029
2604

CRL6-6118
2290

6/19-8/6
2501
2806

2386

f Ale = Ajcohol

STUDIED FROM AUGUST, 4967 TQ JUNE, 1970

Grang

|

CHO

! %

ALC

PRO FAT

78,9 88.8
79,4 110.9
78,9 88,8
7.4 110.9
79:4 1109
82,7 67.8
100.5 5202
102,0 54,7
1044,8 10449

. 109.0 90,2
"109.,0 90,5
104,2 108,8

i15.5 69.9

220,2
295.2
220,2
296,0
295.2
270,7
281,7

282.1-

31001
26045
2877
352,5
323.8

*%  Start of solid Lfocd balance diets.

Na,
B BXe g
2640 114,78 2598
2646 115,04 2811
2642 114.86 2680
2642, |, 114,86 2693
2646 115,04 2811
3726 162,00 3280,
3752 163,13 3559
373 162,34 3336
3750« 163,08 371
3728 162,08 3006
3737 162,48 3007
3745 162,82 3584
Il 162,78 3735

.

g

"-E@ﬁa e,

66,61
72407
68,71
69,05
72,07
Ble10
91.51
85.53
89.00
77.07
77610
91,89
95.77

1039
1052 -
1043
1043
1052
955

933
1012

1067
908
gib

1027

1077

2P

51,80
52,49
52,04
52,04
52,49
47,65
46,56
50,49
53420
45031
55,61
51,25

537

s
242

261
254
238
261
331
270
218
287
241
]
290

329

-63-



Yolupteer  Cala
12 8/14.8/19
2225
20
2465
13 2556
1/22.2/3
14 2349
2/4-3/25 .
2589
15 2493
16 2544
17 2138
18 2510
19 2634
20 2637
21 2574

CALCULATED TOTALS OF PERTINENT NUTRIENTS IN BALANCE DIETS OF VOLUNTEERS

¥ ALC. = Alcohol

STUDIED FROM AUGUST, 1967 TO JUNE, 1970

Tk

Grams
PRO:  FAT CHO AJCQ
Ol 81,0  279.7
Mot 81,0  339.6
88,0 69.1  395.2
86.1 92,7 292.6
86,1 92,7 352.6
81,8 1044 306.6
126.1 103.6 276,7
14,0 67,8 268,0 .
18,8  99.4  285,1
109,2 89,1  348,9
124,9 116,0  273.4

1043 9204

N,

mga  mEqe
3722 161,83
3725. 161.95
3738 162,52
3746 162,856
3746 162,86
3748 162,95
3734 162,34
3725 161,95
3728 162,08
U8 162,95
3726 162,00

163,00

309.8 11.8 3749

]

2892
2896
3336

277

2779
2493
3641
3827
3532
3358
3201
3313

s

nig.,  mRg.  miga

Thol5
74e25
85.53

7,12

71025

163,92

9258
98,12
90,56
85.97
82,07
8,94

1165
1166

639

1064
1064

696

878
1067
781
95
989
869

58,13

58,18

31,88 °

53,09
53.09

38,73

43,81
53424
38,97
b7.45
b9.35
43,36

247

247

266

ulZ<FY

20031
20,31

21,87

22,36
22,36
18,17

21,29

25,74
21,87

. 22,03
20,88
T 20,47

WGS_



CALCULATED TOTALS OF PERTINENT NUTRIENTS IN BALANCE DIETS OF VOLUNTEERS

STUDIED FROM AUGUST., 1967 TO JUNE. 1970

Grams
Volunteer  Cal., PRO  FAT CHO ALC.* . Na 4 Ca Mg
nge nfa. mg. ule mge 0f0. mga  nfo.
22 2757 - 1032 85.3 ' 373.5  11.8 3736 162.43 2719 69.71 863 43,06 227  18.66
23 2614 117.0 108.3  271.9. 1i.8 3740 162,60 3291 84,38 963 48.05 292 24,09
2l 2932 4bb,7 116.3 306,60  11.8 3784 162,78 4099 105,10 1106  55.i8 3u2  28.12

* ALCs = A}lachol

.
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SOURCES FOR DIET CALCULATIONS

Composition of Foods, Raw, Procsssad, Prepared. Agsricultural
Bandbook No, 8, U, S, Department of Agriculturs, Wash., D.C., 1963,

Davidson, C,S,, P,4, Clifcorn, G.J, Cabuzda, and C. Robinson,
®Sodium-Restricted Diets, The Rationale, Complications, and
Practical Aspects of Their Use"; Publ, 325, National Academy of
Seiences - National Besearch Council, Washs., D.C., 1954

Hardinge, M.G. and E, Crooks, "lasser Known Vitamins in Foods",
Jo Aﬁh Dieteto Aog 1&:2&'09 19610

MeCance, ReAe and E.Me Widdowson, The Composition of Foods,
Medical Research Council Special Report Ssries No. 297,
London: Hor Majesty's Stationery Office, 1960,

"Nutritive Composition of Products®™, Campbell Soup Co., 1969.

. "Nutritive Values and Ingredients of Besch-Nut Baby Foods",
Bsech-Nut Baby Foods, Beaech-Nut Life Savers, Inec., New York, 196%.

Information on the nutritive value of products from a numbsr of
food companies.
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C. Data Analysis
1. General

Variation of the conditions to which a single subject and
his responses are exposed represents an ideal experimental situation
as it allows evaluation of the efféct of the change in condition
in the same persom, This evaluation is not so suégect to individual
variation as would be the case if one population were to be studied
under one set of conditigns and a second under another,

In the present study a single subject was evaluated in
three states: control, bedrest; and recovery, Thus, in the analysis
of data, comparison could be made by comparing each subject's data
u;der one circumstance with his data under-a different circumstance,
In all calculations of significance, a paired "t" test was utilized
(39). Significant change had occurred if P <0,05 by two-tailed
distribution, If paired data was not present, then neither point
in a subject's data was used in that particular comparison. In

4

mosSt cases group means have been calculated using only that data
which was complete for Fhe entire study. Where a standard error
is expressed, this is universally true. All standard errors
represent 95% confidence limits whether so stated or not. The
use of data from only those subjecté with no wissing data points
in the calculation of mean results does not preélude including
specific portions of their data in signigicance calculations.
For'example, if Control Day 1 and Bedrest Day 1 data were present

and Bedrest Day 7 data was missing, then none of the data was used

in calculation of the mean. However, in calculation of the P
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value, that ;ubject's data was inéluded in the Control Day
vs, +Bedrest Day 1 comparisonm.

o In.éome sitpations it'was important to show a group

trend with relation to time and withou£ Qega¥d for totality of
data, An example is thé tilt heart rate data. We have previously
shown the significance of the change in paired data (1). However,
this excludes the subject who has syncope before 20 minutes, the
very subject of interest in this study. Therefore, in the present

study, all data was included in heart rate mean change. However,

no standard error or P value is expressed, Other results were go

obviously erratic (e.g., limb volume change) or unchanged as to
preclude detailed statistical analysis.
2. Specific Data Analysis
) ai Regponse to 70% Tilt

Results prior to tilting and at 5, 10, 15 and 20
" minutes éor terminal, if tilt-down occurred earlier) and at 1, 5
and 10 minutes of recovery were cpnsiéered as representative of
the entire tilt period. In the case of heart rate the mean of all
results was determined without further statistical analysis., Pulse
bressure was determined by subtraction of diastolic from systolic
pressure and the mean for the group &etermined for éach time interval
No further statistical analysis was attempted, Review of each
iﬁdiéidual's limb volume data for all tilts yielded the impression
_that the methodology used is totally unreliablé as a means of
comparing day to day change. The change from day to day was totally

random. Therefore, no attempt was made to perform statistical

analysis on this data.
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b) Response to Exercise
Complete statistical analysis was made on ﬁeart rate
response o and recovery from exercisg,“oxygen consumption and
minute_ventilation. Ventilatory equi%alent results were calculated
as preﬁiously described él) and analyzed statisti;ally. ngimal
oxygen uptake was determined from submaximal work data. The reault
" was based on extrapolation to a heart rate of 180/minute. This
technique probably underestimates the true maximal oxygen uptake
(40). However, since an individual's own data is used for comparison,
it undoubtedly represents a tru; index of change. Maximal oxygen
u?téke values were corrected further for weight, Both the.
uncorrected and corrected data were analyzed statistically,
¢) Pulmonary Function
. All paired results were analyzed statisticéllyg
ﬁ) Urine Excretion and Balance
In the analysis of data, each subject's daily results
during a given week for sodium, potassium, -chloride, calcium and
nitrogen were used to determine each subject's mean daily excretion
for the week of study under consideration. Statistical comparisons
were made between the Control Weeks and the Bedrest and Recovery
Weeks, Bedrest Week 4 and the Recovery Weeks, Bedrest Dgy 1 and
Day 2 with Control Week 2 and Bedrest Week 1, and Recovery Day 1
and Day 2 with Bedrest W?ek 4 and Recovery Week 1,
. Calcium balance was calculated using the mean regult
of dietary anafyses as the daily calcium intake, Mean daily

Y

—urinary and fecal excretion were utilized as daily calcium output,
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Results were analyzed statistically.,

Mean daily aldosterone éxcretion was determined on
the basis_of results available during égch weeﬁ of study,. 1In
the analysis of resultsf the Control ﬁeeks were compared with
the Bedrest and Recovery Weeks and with Control Da% 14 and
Bedregt Day 1. Recovery Day 1 was compared with ﬁgdrest Week &,
Recovery Week 1 and Control Day 14, .Bedrest Day 1 was compared
with Bedrest Week 1.

Fluid balance was calculated from intake-o;tput data,
Analysis was based on the mean daily balance for each week of
study and was similar to that for sedium balance.

Osmotic and free water clearance were caleulated by
standard techniques (41).

e) Isotopic.Body Fluid Compartment Data

The data of several subjects was excluded from the
statistical analysis for a variety of reasons. These included the
absence of some data point{s) as stated previously. Also, the
frequency of studies early in the investiéation iéd to questionable
qounting statistics in some cases, Further, modifications in
éechnique also precluded use of certain of the early studies,

In the statistical analysis those subjects not used

for the following determinations were:

Plasma Volume - Subjects 1-6, 15, 23, 24

Red Cell Mass - Subjects 1-4, 7, 8, 15, 23, 24
Extracellular Fluid Volume - Subjects 1-6, 13-15, 23, 24
Total Body Water - Subjects 1-4, 8, 15, 23, 24
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In the amnalysis, the éonfrol mean result was compared
| with Bedrest Day 2, 14 and 28 and with Recovery Day 7 an§ 14,
Recovery Day 7 and 14-were also combared with Bedrest Day 2, 14 and 28.
£) Tilt Plasma Volume and_Pfoﬁein Alterations

The mean pre- and post—%ilt plasma voluﬁe was determined
faf the pre- and post-bedrest tilt. The change d;ring tilt and
the differe;me in change between pre--bedrest and post-bedrest results
was analyzed statistically. Although_mean and standard error were

calculated for pre- and post-tilt proteins on the two study days,

P values were not calculated as results were virtually ‘identical,
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D, Results
1. General

The‘tables and figures referred to in this section are all
contained in Part ITI of ;his rebort.

Table 1 contains the vital sfatistics and smoking habits of
the study population. In spite of their ipcarcera%ed state, most of
the subjects were in relatively good physical trim. This was true
because of the physical recreation program available to them at
Lompec. However, none were trained athletes and no attempt was
méde to train them prior to the study. The great méjority were
smokers and no attempt was made to aliter this during the course of
the study. The subjects were generally cooperative, = However, one
subject (Subject 15) deserted prior to completing the Recovery Phase,
No major health probléms arcose during the course of the investigation.

2. Response to 70° Tilt ‘

Five of the twenty—foﬁr sub jects experienced syncope or
pre-syncope during the first post-recumbency tilt. Subject 5 had a
severe and sudden syncopal episode with a short period of.sinus arrest
without ventricular activity. This resulted in mild convulsive
activity. This subject experienced a milder pre—sync&pal episode
on Day R15 after successfully tolerating the study on Day R 3 and R 8,

Table 2 shows the individual tilt tolerance time (Terminal
Time)., If not otherwise indicated, this was 20 minutes, This table
gives the heart rate response to tilt and recovery for the individual

subjects on each study day, The terminal heart rate was that existent

at 20 minutes or at the time of tilt termination, The average heart
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rates at the selected times in-each tilé_are showé in Table 3.

Hearf rate was higher at all tilt and recovery tides during the

first post-recumbency tilt., The respﬁnsg_had returned to pre-gedrest
levels by 48 hours after_re—ambulatioﬁ (Day R 3),

‘ Individual blood pressure daLa is dépicted ?n Table 4, 1t
should be noted that a number of éubjgcts developeékasymptomatic-
.hffotension during tilt, The pulse pressures derived from this data
are shown in Table 5 and the group means in Table 6. There was no
distinct difference in pulse pressure response after bedrest nor was
syncope predictable by pulse pressure alteration., In many cases
pulge pressure fell to lower 1eveis in non-syncope subjects than
was the case in subjects with syncope.

Changes in limb volume are illustratg@ in Table 7. This was
a very disappointing ésPect of the study. Results followed no pattern
that was discernible, and the differencés seen in an individual's tilt
%egponse appeared to be due either to the basic methodology or to
random Qolume changés unrelated to experimental conditions. No attempt
was made to approach this data statiétically because of its great
variability.

3. Response To Exercise

"Table 8 contains the individual heart rate response to
exercise.and recovery,:‘The group meang f£or heart rate response to
exércise are presented in Table 9. As is apparent in Table 10, heart
rate was significantly higher on the first day of recovery at all
levels of exercise. This remained true-at the 75-Watt and 100 watt

. levels even 48 hours after resumption of ambulations Heart rate
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response to 100 wat£ exercise did not:retufn to pre-bedrest levels
untif some time betweén seven and féurtegn days of recovery. Group
means for heart rate recovery from 100 watt exercise are compiled
in Table 11. Heart rate %as signific;htly higher at all time intervals
immediately following bedrest. Recovery appeared to have returned
to normal by 48 hours of re-ambulétion.
Individual values'for'oxygen consumpéion at rest and during
exercise are shown in Table 13 and group means are presented in
Table 14, Corresponding minute ventilation data are contained in
Tables 15 and 16. Although there was no significant difference in
oxygen consumpiion during post-recumbency exercise; minute ventilation
wa; significantly increased during the first post-recumbency study.
The results of this comparison are compiled in Table 17. In an
éttempt to show this‘éifference HOT & exacgig, ventilatory equivaient
was calculated for each exércise level, The individual values are
shown ig Table 18 and the group means in Table 19, Con?rary to
expectation this calculation tended to mask the!increase in minufe
ventilation. Although mean values for ventilatory equivalent were
higher immediately gfter bedgeét, the differences were not significant,
Maximal oxygen uptake values derived from submaximal exercise
responsés.are shown for each subject in Table 20, Results obtained
by correctio# of this data for body weight are shown in Table 21, Iu
both analyses maximal oxygen uptake was significantly less even

after one week of re-ambulation. The change was no longer significant

after two weeks of re-ambulation,
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by Pulmonary Function

Table 22 shows results of pre- and immediate post-bedrest
evaluation of pulmonary function., Vital capacity (VC) was significant1§
' increased by approximately 200 ml after bedrest, Only three of
seventeen subjects failed to follow the trend. One second forced
expiratory volume (FEV-1) was also significantly increased with
eleven of seventeen subjects following the trend. Total lung
capacity (TIC) was also increased significantly by-approximately
200 ml. Six of nine subjects showed this pattern., Residual volume
(RV) was unaltered as was diffusion capacity (DCO). .

.5, Urine Excretion Studies

The result; of indiviéual daily analyses for'ﬁreatinine,
sodiug, potassium, chloride and calcium in urine are tabulated in
Table 23. TIndividual data on daily nitgogen excretion are presented
_in Table 24. Tables 25-29 contain the average daily excretion of
sodium, potassium, éhloride, calcium and nitrogen by week of study
for each S;bject. Mean‘valﬁes for each week of study are also
depicted. As shown by Table 30 excretion of all of the aforementioned
was increased throughout bedrest. In the case of sodium and chloride
the increased excretion was mazimal during the first week of bedrest,
Excré?ion of calcium, potassium and nitrogén increaséd later during
bedrest, However, all except potassium were increased significantly
above pre-bedrest levels on the firs£ day of bedrest. Potassium

excretion still had not increased significantly by the second day

of bedrest. Excretion of sodium and chloride were particularly

striking during the first dav of bedrest. The excretion of
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186.5 * 17.6 meq of sodium and 176.6 * i7¢7 meq of chloride were‘
significantly higher éhan the daily averages for the first week
of - bedrest.

Following resumpéion of ambulation sodium and chloride
excretion fell significantly below even pre-recumbency levels for
the initial week, This was partécularly true duri;g the initiai
48 hours. The excretion of sodium during the initial 24 hours
averaged 75,9 * 13,8 meq, That of chloride averaged 83,1 £ 14.4 medq.
Potassium excretion during the recovery weeks was insignificantly
decreased from pre-bedrest levels. Calcium excretion remained
slightly, but significantly, above pre-bedrest levels for the
iﬁitial week of re-ambulation; but fell significantly below these
levels during the second week, Nitrogen excretion returned to
pre-bedrest levels on the first day of recovery and this remained
true during the initial week. However, nitrogen excretion fell to
levels which were significantly less than pre-bedrest levels during
the second week of recovery,

Individual results for aldosterone excretion are depicted
in Table 34, Average daily excretion by week of study for each
subject and group means are shown in Table 35. The significant
changes in aldosterone excretion occurred on Day 1 of bedrest-wﬁen
'1evels fell significaﬁtly to 10,1 * 1,6 pgm/24 hours and on Day 1
of recovery when levels rose significantly to 17.8 * 1,6 ugm/24 hrs,
Interestingiy, Day 1 of iecovery was a tilt study day and levels
significantly exceeded those on Day 14 of the Control Phase, also

a tflt'sfudy day. On the other hand, the mean level of 11.9 £ 1,7
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pegm/24 hrs on Day 14C was not signifibantl& different froﬁ Control
Week, 2, Excretion remained at sighificantly higher levels- throughout
thé first week of recovery. Statistical results are sﬂown in

Table 36.

Table 37 shows the day to day fluid balance for each
subject and Table 38 contains thé average daily fluid balance by
week of study for each subject as well as the group means., Fluid
balance became distinctly less positive on Day 1 of Bedrest and
remained so throughout bedrest., During recovery there was a
significant retention of water above pre-bedrest levels for the
initial week. This was quite prominent on the first two days of
récovery, the levels significantly exceeding the mean daily balance
for the first week, - Statistical analysis is shown in Table 39,

The overall r;sults for fluid balances znd sodium and
aldosterone excretion are depicted in Figure 1.

6. Calcium Balance

As noted above, average daily calcium excretion by week of
study is contained in Table 28. The results of analysis of diets
for electrolytes including calcium are contained in Table 31. The
average calcium content of the diets anal&zed was used in the
calculation of calcium balance, The average daily fecal excretion
of calcium by week of-study is compiled in Table 32. There was no
significant increase in fecal excretion until the fourth week of
bedrest, This change was still evident during the second week of
rec9ver§ although the trend was tovard pre-bedrest levels. Individual

and mean calcium balance data was calculated from utinary and fecal
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excrstion and dietary imtake for each week of study. These results
are shown in Table 33, -Calciqm balasce became significantiy negative
during the first week of bedrest and remained so through the first
Week.of re-ambulation, The post-recumbency negative balance was
largely due to the continued high fecal outpét of calcium,.
?a. Body Fluld Compartments

Each subject’s results for plasma volume, red cell mass
(volume), extracellular fluid volume, total body water and weight
are tabulated in Table 40. The group means for those complete
studies considered valid are contained in Table 41, ‘Statisﬁical
analyses are shown in Table 42, In the determination of mean weight,
the weight of all subjects used for calculation of any mean volume
were includéd, Plasma volume decreased Siggificaﬂﬁly by approximately
200 - 250 ml, during g;adrest, while extracellular fluid volume
diminished éignificantly by approximately 500 ml, Whereas the
decrease in plasma and extracellular fluid volume appeared to
occur.quite.early, Eha decrease in total body water appeared to be
a slower process, averaging approximately 1500 wl, at the end of
bedrest, the only mean change of significance. Red cell mags decreased
pfogressively'and significantly during bedrest, tending to level off
after bedrest, but remaining approximately 150 ml. lower than pre-
bedrest. levels, Following bedrest, plasma volume rose to a level
approximafely 150 ml, above pre-bedrest levels by seven days, and
-this change remained significant even after two weeks of recovery,
Results from study of Subjects 23 and 24 shown in Table 40 sugge&t

, that plasma volume is partially restored to pre-bedrest levels by
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2& hours after re-ambulation. Extracellular flui% volume and total
éody water returned to ére—bé@rest lqbels. 'Weight remained relatively
constant thréughout bedrest, the only significant decrease occurring
én the last day of bedfesta -

The above results are presented graphically]in Figure 2,
An additional feature of this figure is the correc;ion of red cell
mass by the volume of red cells removed by phlebotomy to each point
in the study, The corrected curve-appears to rise prior to bedrest,
level off during bedrest and again rise after bedrest, suggesting
diminished red cell production in response to phlebéﬁomy during
bedrest.

8. Pre- and Poét-Tilt Plasma Volume

Individu£y data for pre- and post-tilt plasma volume and
Foor S

change (mlj in plasma-ﬁblume during these tilts before and after
bedrest is shown in Table 43, Group means and results of statistical
-analysis are shown in Table 44, Although there was a 500 ml, loss

of plasma water during the tilt, the change was no greater after
bedrest, The possibilit§ of leakage of protein from the vascular
compartment was considered. It was feared. that the leakage of
p;otein, some carrying 1251 might be greater after bedrest. However,
as shown in Table 45, the increase in total protein concentration
following tilt was the same before and after bedrest, whereas, if

a difference existed, albumin became concentrated to a greater extent
after bedrest, The data suggest that protein leakage is not greater

-after bedrest,
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9, Serum Chemistries
Table 46 contains results from analysis for each subject
at prescribed points throughout the study for serum creatinine,
sodium, potassium, chioéide, caleium ;nd osmdlality. All results
were within normal limits and showed no trend relateé to the study
phase.
10, Osmotic and Free Water Clearance
Table 47 compiles urine osmolalities for the wvarious subjects
performed on the same day as éhe serum osmolalities, Table 48
shows the urine output in ml/min on these days along with the
calculated osmotic and free water clearénce.l From the results
séown-it is apparant that urine output was primarily obligatory.
11. Hematologic q§ta
Ta@le 49 is a compilation of hematologic data inclu@ing
_reé blood cell count (RBC), hemoglobin (Hgb), hematocrit (Hect),
white blood count (WBC), mean corpuscular volume (MCV), mean
corpuscular hemoglobin_(MCH), mean corpuscular hemoglobin concentrétiop

(MCHC) and reticulocyte count (RC).on the initial twelve subjects,

The data show no change which cannot be related to phlebotomy.

E. Discussion

- As sfated in the introduction to this report, the premise on
which the study was based was that extravascular dehydration occurred
during bedrest with resultant loss of plasma water to the extravascular
tissues of the lower extremities during the post-recumbency tilt.

This would cause the abnormal orthostatic responses seen following
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bedrest and weightlessness, The likelihood of this hypothesis
be%ng correct seemed strengthened by the appearance of a report
regarding changes in 12SI—RISA plasma volume, 51Cr red cell maéé,
358 extracellolar fluid volume and 3thotal body water during teﬁ
days of bedrest (28), These authors‘studied eleven subjects during
three separate ten day bedrest périods, two of Whi;h involved
intervention procedures, leg cuffs and exercise, respectively.

ﬁo difference occurred with therapy and results of all three
periods were analyzed in composite., The authors observed decreases
in plasma volume of 400 ml., in ;xtracellular fluid volume of

2200 ml,, and in total body water a loss of 700 ml. A decrease of
200 ml. was noted in red cell mass. The total body water change
was not statistically significant énd the authors commented that:

“The sensitivity of the method to determine total body water may
not be gre;t enough to detect the changes which could be expected
under experimental conditions.”

Although the details of Vogt's study are not clearly
delineated, several differences from the current study are apparent.
In the present stﬁ@j, subjects wefe on exacting metaboiic diets
with a fixed sodium intake. The present investigation provides
two control points as well as two recovery points for comparison
w?th bedrest results,-ﬁhereas Vogt's control point was taken 12
hodfs after onset of bedrest. Further differences exist such as
28 days of bedrest wvs 10 days, and the use of SzBr rathgr than
35

S. Because of these differences, direct comparison in results

is_not possible. However, at 14 days of bedrest in the present
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study the foilowing changes had occurred: plasma volume had
decreased 200 to 250 ml, from ambulant values; extracellular
£luid volume had diminished by 300 - ase'm‘}.,; total body water
‘had decreased 600 - 750 ml.; and red cell mass had declined
approximately 100 ml, In general, the changes tended to be less

in the ﬁresent study where the same isotopes were hsed (1251, 51

Cx),
e%cept in the case (3H} total body water where resulis were

similar. The changes im extracellular fluid volume seen in this
study £all far short of those veported by Vogt. This is true

even after 28 days., BEven though different isotopes with somewhat
different distributions were used, one would hardly expect results
to be at such extreme variance, In the present siudy 823r was
chosen because of its ease of handling and virtual constancy of
distribution after aqﬁiiibration‘ Both 358 and 823r tend to
overestimate the "true" extracellular space. The complegity of
di§tributicn of sulfate and its involvement in metabolic processes
complicéte interpretétion of its plasma disappearance (42), Further,
although not reported here, each 823r volume determination was
paired with a simultaneous 358 extracellular £luid volume determi-
nation by thg meth;& of Jeffay in our initial fourteen subjects (43).
The study was discontinued because of the extreme complexitry of
sample preparation which appeared to contribute leagely to the
efraﬁic results that were obtaimed. In Vogt's weport, the decrease
of 2200 ml. in extracellular fluid volume also seems inconsistent
with a decrease in total body watef of only 700 glo Such a change

] would mean movement of 1500 ml. into body cells, an. unlikely event.
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Stated in the simplest of terms, the present study does

not confirm the hypothesis of‘extravéscular dehydration as.a cause
" for post-recumbency orthostatism (15)%: én the other hand, it
daiine%tes quite clearly.the sequence:of events reéating to body
f}uid alterations during bedrest (and by inference; during
weightlessness).

Tha loss of hydrostatic effedfs in the gupine posture
rvesults in a shift of blood from the peripheral venous beds into
the thoracic compariment., The increased f£illing of this compartment
appears to exert its effect on the central low pressure baxoreceptofé,
presumably causing inhibition of A.D.H, and aldosterope with
resultant sodium and water diuvesis (44-47), The alteration in
aldosterone has never been confirmed prior to the present study.

Tt is apparent from the data presented that the adjustments
‘to changes in gravitational stress are gquite rapid., On the first

-day of bedrest, aldosterone egcretion drops significantly. This is
associated with a large saluresis with obligatory water loss during
the initial 48 hours of bedrest., After 48 hours of bedrest plasma
volume is virtuvally as low as after 28 days. This is also true for
extracellmla% fluid volume, Although no remar%able change occurs
in these measurements after two days, the average subject continues
to have an excess excretion of approximately 10 meq of sodium and
100 ml, of water throughout bedrest. This may be accounted for by
either or both of two mecﬁéuismsg Firstly, the supine resting
subject is less likely to loose as much‘sodium and water’insensibiy

B

-as he did while ambulant, The difference being accounted for by
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renal excretion, Secon§1y, total body water showed a continging
slow decrease during bedrest. - Some ;é,the excess sodium and
water may be accounted for by this mechénism. However, mean
weight decreased by only G.43 kilagra&s during bedrest, This is
rvoughly equivaient to 430 mi. of water which is leés than the
cﬁmbined decrease in extracellular fluid volume and red cell mass
alone and far less than the 1500 ml, decrease in total body water.
Although we agree with Vogt that the 3H method for total body water
is less than ideal (28), this discrepancy is probab}y more apparent
than faal. For years it has been known that bedrest and inactivity '
result in a loss of muscle mass and an increase in adipose tissue.
Tge increase in urinary nitrogen seem in the presenttstuéy is
confirmatory of this fact. "the replacement of muscle by fat, a
tissue with a lesser water content woul& presgent exactly the pilcture
seen here, a decrease in total body water without a corresponding
decrease in weight.« Many refinements were made in the total body
water technique in the course of £his study, an& the decrease
observed is a consistent one. The loss of potassium during bedrest
is probably another reflection of muscle breakdown.

Thus, the results of the study do show a large alteration in
bﬁdy_fluid compariments as a consaguence of bedrest.“ However,
the decrease in £luid available for vascular filling, ieé-, the
net Ehange in red cell mass and extracellular fluid volume, amounted
to only 500 - 700 ml. When this loss is coupled with the 500 ml.
loss of plasma water during both the pre-recumbency and post~

recumbency tilt, & situation exists which could veadily producs
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the hemodynamic responses to 70° tilt seen in the present study

éqd in greater depth in our previous investigation (1). The
.ébéénce of a éontrib;tory-factof produced by extravascular
dehydration is rec0nfirmed by the faiiure of plasma volﬁme to
decrease by-a larger magnitude during the post—recumgency tilt,

The current study was also designed to evaiuate the que;ﬁion
of éhange injlimb volume during tilt gefore and after bedrest,
That an increase in limb volume does occur during tilting is
unquestionable even when our impedance plethysmography results
are ?nterpreted in thg most conservative manner,- However, our
-data does not allow a comparison of_posf;recumbency results with
prg-bedrest data for reasons stated previously. Nevertheless, a
recent report by Menninger and an unpublished study gy MeCally
showed that the post—;ecumbency incfease in limb volume response
to-hydrostatic stress was no greater than the pre-recumbency
increase (27). Thus, it would éppear ghat not only.is there no
more extravasatigg of fluid after bedrest, theré is also no
increase in venous pooling.

The elegtrolyte, aldosterone, water balance and fluid
compariment data relating to the recovery period represent another
manifestation of the rapidity of response of the volume regulating
mechanisms, The increase in aldosterone cutput with resultant
profgund sodium and water retention produce a full restoration of
-body fluid volumes during the interval between two days and seven

days_of re~ambulation., It should be noted that heart rate respounse

to tilt also returned to normal between two and seven. days after
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re-ambulation, The significant rise of plasma vol?me above pre-
recumbency levels undouBtedly ;eprésegts a feplace;ent of the
depleted red cell mass. The volume of red cell decrease (150 ml.)
is identical to the amount of plasma volume excess.

The results of the red cell mass déterminatﬁons and their
. 1

3

correcgion for red cells withdrawn to each point in the study

are most interesting., The leveling off of the corrected results
strongly suggests that bone marrow production of red cells is
diminished during bedrest and that the Eone marrow is incapable

of responding to the stimulus of phlebotomy. An as'yet unpublished .
study by Lancaster yielded similar and more detailed results (48).

) In our prior study we had found an inability of the subjects
to augment stroié volume during supine bicycle exercise following
fourteen days of bedrest (1). Cardiac output was maintained at

near pre-bedrest levels by cardioacceleration. The duration of

this efiect was not studied in the prior investigation. In the
present study, exercise responses were observed for fourteen days
after the termination ofibedrest. In the most gross analysis, the
subjects who exercised to exhaustion were able to do less exercise
after bedrest (Subjects 18 and 21-24). Perhaps the increase in
minute_vgntilation after bedrest played a role in the more rapid
onset of exhaustion, as this would increase the work performed in
oxygen celivery to the lungs. The decreaée in muscle mass suggested
above may have weakened the subjects as well., However, it is most

likely. that the prineipal factor in the changes seen in exercise

tolerance in this study and in our prior study was a decrease in
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myocardial function., This is suggested by the decrease in maximal
6xyg?n uptake and its return to mormal between seven and fourteen
days, the same time intewxval in which heart rate response to 100
watt exercise returned to nofmal. Maéimal oxygen uptake is
dependent on delivery of oxyge£ to the blood by the,iungs, delivery
of blood to the tissues by the heart, and on the éfility of the
tissues to extract oxygen (49), In the presence of normal pulmonary
function, it is generally considered to be a measurement of cardiac
capacity. -In our subjects pulmonary function remained normal

after bedrest, In fact, there was an increase in.total lung

" yvolume, vital capacity and in one-second forced expiratory volume,
Né alteration in residual volume or diffusion capacity was noted.
The increases in total lung capaci&y and vital capacity were

probably related to the decrease in circulating blood volume,

and, therefore, in pulmonary blood volume in the supine position,
This is the reverse of the situation ;een in states associated with
pulmonary congestion where-total lung volume anﬁ vital c;pacity
are reduced (38), In the present‘study, A-V oxygen difference was
not measured, However, this meas;rement was made in a recently
reported study of five subjects placed at bedrest for 20 days (50).
AV oxygen difference was found to be increased at all exercise
levels after bedrest énd it was concluded that the fall in maximum
oxygen uptake seen in that study was probably due to a decrease:

in myocardial function (50).

In the present study, the loss of calcium during bedrest

was quite significant. These results correlzte very well with
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those obtained in other studies designed specifically to evaluate
. . -

the pr;blem of disuse osteopenia and its preventign (29,51).
Conclusions
The present study and its collation_with our prior studies
as well as with other recently published observations on the
effects of bedrest (27,29,48,50,51) leads to the following conclusions:
1. The decrease in orthostatic tolerance seen following bedrest
is not caused by autonomic insufficiency, extravascular dehydration,
or increased venous pooling. Nor is it caused by an increase in
plasma water transudatioﬁ after bedrest,
, 2. At least two factors play a role in the occurrence of
post-recumbency orthostatism; and one of these is unrelated to
_ bedrest, The first factor is the decrease in extracellular (qnd
plgswa) volume during bedrest which when coupled with the second
- factor, an unchanged ﬁlasma water transudation during post-recumbency
tilting, results in vascular £illing which is inadequate.
3. The initial large éaluiesis and diuresis seen on assum}ng
the recumbent posture and the rapid restitution of plasma volume
and extracellular fluid volume to normal after bedrest have been
clearly shown to be related to alterations in aldosterone production,
4. A decrease in myocardial function very like;y does occur
during extended periods of bedrest, Whether this plays a role in
the diminished orthostagic tolerance or not is debatable., The
return of -orthostatic tolerance to normal in conjunction with the

return of plasma and extracellular fluid volume to.normal suggests

-~
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that diminished myocardial function ié not a contributing facto%
-in post—recumbenp§ oréﬁostatic intolerance. On the other hand,
the ;ore prolonged period for return of exercise tolerance to .
pre-bedrest levels suggesés that dimiﬁished myocardial function
rather than diminished effective vascﬁlar volume is the predominant
factor in the alterations seen in exercise r35pons;s following |
bedrest,

5. Red cell ﬁroduction by bone marrow is depressed during
bedrest,

6. Calcium loss during bedrest is significant and presents

a potential source of difficulty for astronauts involved in

spaceflights of long duration.
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TABIE A

COMPARISON OF SHORT® AND LONG™" INTERVAL
SAMPLING FOR PIASMA VOLUME DETERMINATION

Plasma Volume

Number Plasma Volume Correlation Coefficient
Short . Long : Short Long
Interval Interval Interval Interval

1 3036 3057 - 0345 923

2 3415 3402 -.501 ©-.989

3 3118 3123 -.198 -.967

& 3523 3230 +,843 ~.977

5 3089 3097 -.853 ~.998

6 3022 2987 -.429 -.976

7 2659 . 2649 -.235 ~.958

8 2972 3028 -.570 -.983

) 2794 2768 -.893 -.999

10 2936 . 2954 -.399 -,938

11 2805 2814 -.565 ~-.989

12 3205 3147 o112 ~.963

13 2975 3012 -.812 -.968

14 3143 - 3090 +o 146 T =e751

15 ‘2849 . 2508 -.352 -.993

Mean 3043 3018 -.352 ~-.962

SE (95%, 124 +103 +,240 *,034
P <.3

%
10, 20, 30 and 60 minute samples used,

1, 2, & and 6 hour samples used,



TABLE B

OBSERVED EXTRACELLULAR FLUID VOLUME
WITH RED CELL AND URINE L0SS GCORRECTIOWS

Study 2 Hours 4 Hours _GIﬁours
1 17.17 17.77 17.98
2 18,98 19.69 19.93.
3 17.12 17.88 18.35
4 19.77 20,19 20. 66
5 17.50 17.87 © 18.46
6 19.07 19.37 20,50
7 16,97 17.47 18.32
8 18,75 19.62 20.34
9 16,61 16,89 17.71
10 18,78 19.79 20,27
11 17,22 17.68 17.97
12 18,13 18.92 19,34~
Mean 18.01- 18,60 19,15

SE (95%) *,.66 .71 *.72



Bl

TABLE

COMPARISON OF EXTRACELLULAR FLULD VOLUME DETERMINATION
WITH AND WITHOUT CORRECTION FOR URINARY 82Br LOSS

ECFV With ECFV Without

Study Urine Correction Urine . f;orrec tion B
1 15.16 971 14,85 .983
2 16.74 965 16.70 - 972
3 14,92 992 14,92 .983
4 17.40 1,005 17.84 1.005
5 15.31 .996 15.31 984
6 16.44 953 16.61 962
7 14,65 .992 14,53 .979
g - 16.23 1,000 16.14 570
9 14 .40 967 14.31 955
10 16,34 980 16.41 .983
11 15.19 994 15.13 .996

Mean 15,71 .983 15.67 979

SE (95%) %,65 +£,011 *.69 +_009
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TABLE D

TOTAL BODY WATER DETERMINATTON

Corrected For
Urine loss

39.83
36.01
3%.64
34,68
41.25
37.84
37.15

28,24 -

719
-.065
.228
792
1.049
479
- 494

-.611

Linear
Regression

39.51
32.96
37.42
34.47
40.98
37.51
37.75

28.10

766
.999
.603
.923
.992
. 844
714

971
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TABLE E

'FOODS AVAILABIE FOR METABOLIC STUDIES

CEREALS: MEAT & SURBSTITUTES:
Cornflakes Boef tenderloin (steak)
Rice Krispies Ground beef
Wheaties Chicken breast {boned and skinned)
Oatmeal Amorican chaese

Tunafish
EGGS:
STARCHES ¢
Serambled
Omelet Mashed potatoes (instant)
French To New potatoes (canned)
Rice
BAC.OoBits (Imitation bacon) Macaroni

WHITE BREAD (Plain or Toasted)”

BUITER
JELLY
FEANUT BUTTER

CANNED VEGETABLES:

Baats

Carrots

Corn, whole kernel
Green bsans

Poas

Stewed tomatoes

FRUIT JUICES:

Apple juice
Cranbsrry juice
Grape Juice
Grapefruit julce
"Opange juics
Pineapple jui
Tomato juice

TOMATO SOUP

CRACXERS, ETC.:

Graham crackers

Premium crackers (unsalted tops)
Vanilla wafers .
Shortbread cookies (homemade)

CANNED FRUITS:

Applesauce BAXED CUSTARD
Apricot halves JELLO

Royal Anne Cherries SPONGE CAKE
Grapefruit sections

Pgach slices BEVERAGES $

Pear halves
Pineappls slices

Milk (whole or nonfat}
Coffes, instant

MISCELLANEQUSS Tea, instant Lamonade
Coca Cola Root Beanr. .
Salt Gingerale Seven UP
' Pepper packets (3/day maximum) Orange soda .Wine= red or wh

Sugar
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INSTRUCTIONS FOR SUBJECTS ON METABOLIC BATANCE DIRTS

You must eat all food and drink that is served to you.

Do not eat or drink anything other than what is served to you by
2 menber of the Mstabelic Staff,

Do not chew gum,
Drink only distilled water from your water pitcher,

Clean dishes well and rinse glassware with distilled water from
your water pitcher, Prink the rinsings,

The salt shaker which you will receive at the breakfast msal is
your supply for ths day; therefors, you should use it accordingly.
£171 salt should bs used by the erd of the dinner meal,

Ono psppsr packet will be given at each meals The pepper may be
ussd or not as you so choose.

If you should drop or spill any foed, report it immediately to a
membar of the Metabolic Staff. Do not wipe up any liquid which
may be spilled. The amount must be estimated and replaceds

Msaltiuss are as follows$ Breakfast 8200 AM
: . Luneh 123200 NOOY

Dinnsr 5:00 P

Snack 9300 P

Breakfast may'bs delayed when blood work or tilts are being done.

Eat your meals when thay ars served to you. You may not save
food for "later" unless you ars ill; in which case the kitchen
should be notified. Do not remove food from your iray and
place it elsewhers. ’ :

Visitors are not permltted in the room when either you or they
are eating.

Please inform your visitors that you are on a carvefully controlled
diet, and that they should not bring you anything edible until
you have completed the study.
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