AD/A-005 227

ANNUAL RESEARCH PROGRESS REPORT

Letterman Army Institute of Research

Prepared for:

Army Medical Research and Development
Command

30 June 1974

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE




S e — .
g BT INY v, RTINS ¢ o T R wvrasas R RS g
ot " A EAERS - < L S
A

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Vhen Dete Sntered)
REPORT DOCUMENTATION PAGE BER T g FORM
T. li:Ol? NUMBER 2. GOVT ACCESSION NO,| 3 llClPltnT’t CATALOG NUMBER
4. TITLE (end Subtitie) 8. TYPE OF REPORT & PERIOD COVERED
Annual Research Progress

U. S. Army Medical Research and Development

Technical Report Report, 1 Jul 73-30 Jun Ta

$. PERFORMING ORG. REPORT NUMBER

8. CONTRACT OR GRANT NUMBER(s)

7. AUTHOR(®)

o ————————

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

Lettermaa Army Institute of Research
Presidio of San Francisco, California 94129

12. REPORT DATE
30 June 1974
13. NUMBER OF PAGES

5

11. CONTROLLING OF FICE NAME AND ADDRESS
U. S. Army Medical Research and Development

Command, Washington, D.C. 20314
{73, MONITORING AG!NEY NAME & ADDRESS(if different from Controlling Oflice) 18. SECURITY CLASS. (of thie report)
Unclassified

Sa. DEGL ASSIFICATION/ DOWNGRADING
SCHEDULE

ey €T VT
6. DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, it different from Report)

P N R A BRSO AT &Wmﬁ‘;gﬁﬁ_;;\ S5 o

W

19. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse wide if necessary and identily by dlock number)

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Department of Commerce

PRICES SUBJECT TO CHANGE

20. ARSTRACT (Continue on reverse side If necessary and identify by dlock number)
Du.Ing Fiscal Year 1974 progress was obtained at the Letterman Army Institute
of Research in the following research areas: basic and applied research in
skin diseases of military importance; the effects of hemorrhagic shock on the
heart and brain; the development of techniques for the early management of
complex maxillofacial wounds and injuries; the identification cf diseases of th#
oral and maxillofacial tissues which are of special importance to the field
soldier; basic nutritional biochemistry; hasic biochemical processes of meta-
bolism; basic and applied nutrition; clinical nutrition; basic (see reverse)

DD Jf;'ﬁ, 1473  €OITION OF 1 NOV 65 1S OBSOLETE ‘ UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)




O TN — JEY,

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entored)

UNCLASSIFIED

Block No. 20 (Cont)

and applied aspects of the influence of environment on man; the
metabolism of normal man and as altered by disease; work perfor-
mance on man and military dogs; and research computer science.
The progress made in this fiscal year is described in the reports

of the work units presented.

ii

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS P AGE(When Data Entered)



R =R el e A e

REPRODUCTION OF THIS DOCUMENT IN WHOLE OR IN PART IS PROHIBITED
EXCEPT WITH THE PERMISSION OF LETTERMAN ARMY INSTITUTE OF RESEARCH,
PRESIDIO OF SAN FRANCISCO, CALIFORNIA 94129. HOWEVER, DDC IS
AUTHORIZED T(. REPRODUCE THE DOCUMENT FOR UNITED STATES GOVERNMENT
PURPOSES .

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE
ORIGINATOR.

THE OPINIONS OR ASSERTIONS CONTAINED HEREIM ARE THE PRIVATE VIEWS OF
THE AUTHORS AND ARE NOT TO BE CONSTRUED AS OFFICIAL OR AS REFLECTING
THE VIEWS OF THE DEPARTMENT OF THE ARMY OR THE DEPARTMENT OF DEFENSE.

CITATION OF TRADE NAMES IN THIS REPORT DOES NOT CONSTITUTE AN OFFICIAL
ENDORSEMENT OR APPROVAL OF THE USE OF SUCH ITEMS.

"o



¥

B

FOREWORD

The research conducted at the Letterman Army Institute of Research,
Presidio of San Francisco, California, was accomplished in Fiscal Year
1974 under the following projects and task areas:

3A161101A91C - In-House Laboratory Independent Research
3A161102B71P -~ Basic Research in Support of Military Medicine
01 - Biomedical Sciences
JA161102B71R ~ Research in Biomedical Sciences
02 - Internal Medicine

04 - Dentistry
05 - Environmental Medicine

3A162110A825 ~ Oral and Maxillofacial Sciences
3A162110A830 - Military Dog Improvement
3A762758A827 - Environuental Medicine
3A762759A831 - Other Tropical Medicine
3A762760A822 - Internal Medi:ine

Tasks are subdivided into work units, as appropriate, to accomplish
the objects of the task.

In conducting the research described in this report, the investi-
gators adhered to the "Guide for Laboratory Animal Facilities and Care,"
as oromulgated by the Committee on the Guide for Laboratory Animal
Facilities and Care, of the Institute of Laboratory Animal Resources,
National Academy of Sciences - National Research Council.

Note that the list of Publications, Appendix A, is not combined, but
will be combined in the next fiscal year.
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ABSTRACT

PPOIEAT NO, JA0AR1101A91C In-House Laboratorvy Independent
Resea:ch

WORY. "MIT !0, 040 The }Malecular Basis of Vitamin A
Activity

The followins investigations have been conducted under this vork unit:

STUDY NO. 1 Investisation of the Suhcellular
Nistribution of Vitamin A in the
Rat

STIMY NO, 2 Clycoprotein Synthesis in Cell

Culture Svstems

Studv Mo. 1. Cell fractionation by diffc¢rential centrifupation and electron
microscopic autoradiographvy have been developed as useful tools for

tracing radioactive label in the cell for further studies on mole-

cular function of vitamin A, Results show that in the rat, serum vitamin A
decreases as the liver depletes and kidnev vitamin A increases initially
followed bv a decrease to values below control values as depletion
propresses. Additonal data are being collected to confirm and ertablish

the statistical significance of there trends.

Studv No, 2, Preliminarv studies indicated that although HelLa cell
tissue cultures could be maintained for several senerations in the
presence of either vitamin A or citral, morpholopical changes were
induced in both systems which made interpretation inconclusive.
Similar screening procedures will bhe done on other cell strains

to determine the most responsive system in which to study vitamin A
metabolism,
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BODY OF REPORT

WORK. UNIT NO, 04n The Molecular Basis of Vitamin A
Activity

STUDY NO. 1l Investipation of the Sub,cellular
istribution of Vitamin A in the
Rat

PROBLI': To investipate the molecular function of vitamin A at the
cellular level by determining its location and its influence on
metatolism of other cellular components.

RESULYS AND DISCUSSION OF THE RESULTS: Cell fractionation by
differential centrifugation has been refined to yield, based on
electron microscony, the following fractions: nuclei (957 pure),

i{ntact mitochondria (60-707 pure) and nicrosomes (957 nure).

Definition of the progression of vitamin A depletion in the

Carvorth CFF strain of rat is still in propress. Pesults have indicated
that this strain depletes at a slower rate (12-14 weeks) than other
strains (i.e, Holtzman) of rats. The question of vhether dict or

strain difference is causing this slower rate is now beine investipated.
Chemical analysis of the diet has shown no vitamin A, bhut the
nossibility exists that a small amount of blologically active material
is present.

Tigsue levels of vitamin A have also heen followed during vitamin A
depletion. DPreliminary results show the liver to deplete in a
exponential manner. The serum vitamin A level decrcase as the liver
depletes, while the kidney vitamin A level increases initially and
then decreases to values below control values as depletior nrocresses.
In an effort to determine the significance of the trends in the data,
a repeat experiment was performed and the tissue are currently being
analvzed,

In l4ett of the role of zinc in the release and transport of retinol
binding protein and consequently of vitamin ,~ from the liver.

»inc determinations were performed on serum, urine an.' liver. lio
differences were noted in the zinc levels as vitamin A depletion rrogressed.

I'speriments on tissue nreparation for electron microsconic autoradiopraphv
indicate that watar-soluble embedding media,or standard erhedding media
emploved "ith techniques used for fatty acids retention, resulted in

hifl: retention of vitamin A in tbe processed tissue, rfarhon-14 lahelled
vitamin A caused tracking on the autoradiorraphic emulsion which indicates
that carbon=14 has too high an energyv level and that tritium would ke a
better isotopic label to use.
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The molecular Basis of Vitamin A Activity (Cont)

CONCLUSIONS: Electron microscopic autoradiography will be extremely
useful in localization of isotopically labelled vitamin A in the

cell, with cell fractionation by differential centrifugation procedures
being an adequate backup., Vitamin A depletion does not cause

a change in zinc metabolism based on excretion and tissue levels of
zine.

RECOMMENDATIONS: Studies should be continued that may shed light on the
mechanism of function of vitamin A. Specifically, studies should be
conducted in the whole animal and with cell culture systems with

labelled precursors of nucleic acids and proteins to demonstrate the
location of the label in the cell. The investigations should include

the quantitation and identification of the labelled material present

in the cell as well as the effect of metabolic inhibitors on these labelled
compounds,
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The Molecular Basis of Vitamin A Activity (Cont)

STUDY NO, 2 Glyvconrotein Synthesis in Cell
Culture Systems

&

i S T

PROBLEM: To develop relatively simple in vitro model systems at the
cellular level that will respond to various forms of vitamin A and its
& antagonist.

f RESULTS AND DISCU'SSION OF THE RESULTS: A preliminary study on vitamin A

% metabolism in HelLa cells was started with the nurpose of finding a

] cell line which was responsive to the absence or excess of vitamin A, The
& cells were cultured in Minimum Essential Medium (fagle) with Tarles

g Salts + 107 Fetal Calf Serum. Various concentrations of Vitamin A,

;; citral (a vitamin A blocking apent), and combinations of both were

B added to the media in a small amount ¢ carrier at the time of

i inoculation, Controls 1nc}uded untreated flasks and flasks with

E‘ carrier only added. The flasks were examined twice a day over a

period of a week or until cell death. The results showed that both
vitamin A and citral induced a morphological effect on the cells and
that it was hard to distinguished between the two treatments. All
three treatments inhihited cell crowth, but, the various comhinations
of citral and vitamin A showed a much lesser effect than either of the
other treatments. After an initial shock period the Fela cells would
tolerate and eventually grov in the presence of vitamin A at the levels
studied, TFluorescent microscopy of these cells was inconclusive.

A stock culture of HeLa cells tulerant to vitamin A at a level of

5 pur vitamin A/ml media was frown for several generations and frozen
and stored for future studv. Although a morphological effcct was noted, it was
relatively undefined and further study is needed in this area. Similar
screeninn procedures will he conducted on other cells to deternine

the most responsive syster in which to studv vitanin A retabolism,
Future studies in vitamin A research will include analysis of the

media and cell fractions for various forms and metaholites of vitamin A
and also some radioactive labeling studies to determine the role

of vitamin A in the cell. These studies will be extended to

other human cells in which vitamin A 1s *hourht to he an active
mataholite,

CONCLUSTONS:  Cell culture systens appear to have promise as a
model for replacement of the intact aniral in {nvestipations on the
molecular functions of vitamin A,
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23. (U) The development of microbiological standards for foods is a major concern of
numerous governmental regulatory agencies, and much effort is being directed toward
accomplishing this goal. DOD has a direct interest, from a public health standpoint,
in developing microbiological guidelines for its internal use, since microbiological
standards are not available. DOD has unique requirements and opportunities for re-
search in food microbiology, since it operates a variety of food handling establish-
ments (i.e., central messes, hospital messes, PX cafeterias, vending machines, in-
flight kitchens, and Central Food Preparation Facilities). Problems concerning micro-
biological guidelines, laboratory methodology, food safety, and public health will be
investigated under this work unit.

24. (U) The Centralized Microbiological Data Collection program previously reported
will continue, thus providing a basis for defining problem areas and in developing
microbiological guidelines. Analysis of data from in-house analyses of pre-cooked
frozen meals will be completed and reported along with suitable recommendations for
guidelines. Analyses of green salads for microbiological flora will continue, and when
statistically valid numbers are available, will be reported to OTSG as & basis for
establishing guidelines. The potential microbiological and chemical hazards from fresh
seafoods will be investigated.

25. (U) 73 07 - 74 06 Data from the microbiological data collection program for CY 72
have been analyzed and published; data for CY 73 are ready for analyses, and the CY 74
file begun. Problem areas in military sul sistence have been tentatively identified.
The delicat=ssen salad study has been pubiished, and data partially developed on which
to recommend microbiological guidelines. Tentative protocols for analyses of seafoods
pucchased by DOD for military consumption are being formulated.

* 4 vailable to contractiore originaler's &, val.
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ABSTRACT
PROJECT NO. 3A161101A91C In-House Laboratory Independent
Research
WORK UNIT NO. 041 Wholesomeness Aspects of Military
Subsistence

The following investigations have been conducted uncer this work unit:

STUDY NO. 1 Microflora of Meals, Precooked, Frozen and Non-
Specification "Convenience'" Foods Procured by DOD

Seventeen different kinds of precooked frozen dinners with 3 lots
x 5 samples per lot were stulied for microbial content. In total, 5520
analyses (8 analyses x 690 iadividual samples) were made.

Of the 690 samples, 26 (or 3.77%) exceeded a Standard Plate Count
of 100,000/g, 74 (or 10.41%) contained coliforms, and 14 (or 2%)
contained E. coli. In addition, yeasts and molds were found in 223
(cr 33.3%) of the samples, 270 (or 38.8%) contained fecal streptococci,
and 46 (or 6.62) yielded viable S. aureus. Clostridium perfringens was
found in only 2 samples, while Salmonella results were all negative.

Overall microbiological quality of the samples analyzcd was
considered to be quite good. Little difference was observed in test
results between commercial and specification meals.

STUDY NO. 2 Computerized Data Collection Program in Food
Microbiology

The Computerized Microbiological Data Collection Program, pre-
viously reported in 1973, has continued, with 1973 data being entered
into the file. 1972 data has Leen analyzed. This has indicated areas
of military food hygiene in which food microbioclogical research is neede4.
Products in which problems were encountered in 1972 were precooked
frozen meals, beef and pork, and seafoods.

This program is a continuing, accumulating effort in which the
microbiological data base is being expanded. Corputerized statistical
analysis methods for the data base are being investigated.

STUDY NO. 3 Microflora of Prepared Salads and Specialty Items

Twenty-three prepared salads were obtained from military installa-
tions in selected geographical areas of the United States. These werc
examined microbiologically on arrival at the Food Hygiene Division
and weekly thereafter for 5 weeks. Emphasis was placed on the detection
and enumeration of food-borne pathogens. The few pathogens initially
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Wholesomeness Aspects of Military Subsistence (Cont)

detected rapidly died off; however, yeasts and molds, as well as
other microorganisms, reflected by the Standard Plate Count, proli-
ferated to extremely high levels in shrimp, macaroni, carrot and
raisin, and egg salads. Sixty-four salads and specialty items were
surveyed for compliance with Army and Air Force Exchange Service
(AAFES) microbiological limits, Standard Plate Count violations
occurred in 15.6X of the samples, coliform violaticns 1in 21.8% of the
samples, and yeast and mold violations in 45.3% o1 the samples. On
a combined basis, 56.3% of the samples failed to meet AAFES micro-
biological limits. Suitable recommendations were made to adjust the
AAFES microbiological limits for these products.

Expe clment 2: Microflora of Fresh Salads Prepared by a Military
Food farvice Establishment

Microbiological guidelines for fresh green salads, prepared in a
DOD C ntral Food Preparation Tacility for serving in satellite dining
halls, are not available. In order to establish criteria for these
products, samples of green salad, cole slaw, and mixed green salads
were selected from two military food service establishments. Micro-
biological analyses, including analyses for selected pathogens, are
being performed. After analyses of 100 samples of each type are
completed, statistical analyses will be performed, and proper
recommendations for guidelines will be made to OTSG.
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WORK UNIT NO. 041 Wholesomeness Aspects of Military
Subsistence
STUDY NO. 1 Microflora of Meals, Precooked,

Frozen, and Non-Specification
Convenience Foods Procured by DOD

PROBLEM:

The purchase and use of "convenience" food by DOD has continued at a
high level during FY 74, with many problems in microbiological safety
occurring during the year., Although military specifications for

meals, precooked, frozen, have been used for many years by DOD, adverse
criticisms are often voiced by producers concerning the acceptable
microbiological limits. During the fiscal year, at least one court
dispute concerning rejection by the government of precooked frozen meals
was settled in favor of government; the decision was partially influenced
by data generated in this study. The microbiological quality of meals,
precooked, frozen, both specification and commercial, purchased by DOD
have been investigated under this work unit. Emphasis was placed on the
detection of food-bornme pathogens.

RESULTS AND DISCUSSIUN OF THE RESULTS:

Laboratory analyses have been completed on 690 samples of precooked
frozen meals, representing 17 different kinds of meals. These lots
with 5 samples per lot (15 total samples) were selected as being
representive of the meal. Thirteen kinds of commercial meals and
4 menus of specification meals were utilized, with 8 analyses per
sample (5520 analyses).

The general trend of these results shows two striking observations:

(a) the generally low microbial counts and (b) considerable variability
of meals within a lot and between lots. Of the 690 samples, 26 (or
3.77%) exceed the military specification limits (Standard Plate Count)
of not more than 100,000/g. Seventy-four (10.41%) contained coliform
organisms, with 0.92 exceeding the specification limits. Escherichia
coli was isolated from 14 (or 2%) of the samples; yeasts and molds were
found in 223 (or 33.3%) of the samples, fecal streptococci in 270 (or
38.8%), while Staphylococcus aureus was found in 46 (or 6.6%) of the
samples. Clostridium perfringens was isolated from only 2 samples, while
all samples gave negative Salmonella results.

In comoaring the microbiological quality of commercial versus specification
meals, little difference could be observed except for the geometric
mean of the Standard Plate Counts. The arithmetic average of the
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commercial meals was 19,000/g, while that of specification meals was
23,000/g. Geometric mean (Standard Plate Count) of the commercial
meals was 794/g, while that of the specification meals was 151/g.

The latter data indicates the wide :\ariability between lots and kinds of
commercial meals, while indicating comformity in specification meals.

CONCLUSIONS AND RECOMMENDATIONS:

The microbiological quality of meals analyzed was found to be quite
good, The present limits of Military Specification Mil-M-0013966D,
Meal, Precooked, Frozen, appear quite generous to the consumer and could
conceivably be lowered. Adoption of the geometric mean in lieu of
arithmetic mean for the Standard Plate Count might possibly remove the
reasons for criticism of the specification by producers; this, however,
will require more study. Meals analyzed appeared to offer little

hazard to the consumer from food-borne psathogens.

PUBLICATIONS:

None.

STUDY NO. 2 Computerized Data Collection
Program in Food Microbiology

PROBLEM:

An adequate data base in food microbiology is essential on which to
base microbial guidelines for food products. The DOD operates several
laboratories which perform food microbiological testing under rigidly
controlled conditions using official testing methods. Valuable food
microbiological data is generated on a continuing basis from these
laboratories which, 1if properly tabulated, could serve important
functions in military food hygiene. A Computerized Microbiological
Data Collection program was designed in 1971, tested, and expanded in
1972. This is intended as a continuing and expanding program, with
1973 data having been entered. Retrievals and analysis of the 1972 file
is completed and action is being taken to analyze 1973 data.

RESULTS AND DISCUSSION OF THE RESULTS:

Preliminary analysis of data was partially reported in the 1973 report.
Completed analysis has indicated several areas of food hygieme which
need intensive research in food microbiology; such areas identified by
this program are precooked frozen meals, beef and pork products, and
seafoods.

Twenty-one types of foods (195 samplcs) were tested by DOD official
testing laboratories as being suspected of having caused food poisoning;

10
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24 isolates of pathogenic organisms were found. Organisms isclated
were Vibrio garahemolxticus, Staphylococcus aureus, salmonella, fecal
streptococcl, Escherichia coli, Enterobacter, and Escherichia clcacae.
In addition, analyses of 1335 samples (14 food type. ) were reported;
these were submitted for testing for other reasons. In addition to
the organisms previously listed, Clostriiium perfringens was isolated
from 4 samples (2 from vegetable products and 2 from seafoods).
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Tabulation of data from procurement testing was tabulated; this data
has been utilized when comments on proposed or revised food specifica-
tions were necessary. In addition, sufficient data for a variety of
ground beef products, prepared sandwiches, and delicatessen salads

{s available from the 1972 file on which to base rscommendations.

RECOMMENDATIONS AND CONCLUSIONS:

The data accumulated in this file should be used as a basis for
estiblishing microbiological guidelines for DOD use. Problem areas
identified should be investigated through research projects. Additional
methods of analysis and presentation of data should be developed and

utilized.

PUBLICATIONS:

Fowler, J.L., P.B. Ruckh, T.G. Murnane and W.F. Ganz. Report of
Analyses of 1972 Microbiological Data Collection Program. USAMRNL

Laboratory Report 339, 1973.

STUDY NO. 3 Experiment 1. Microflora of Prepared
Salads and Specialty Items

PROBLEM:

The Army and Air Force Exchange Service (AAFES) officially requested
assistance in establishing realistic microbiological guidelines for
prep:sced delicatessen salads from the Food Hygiene Division, LAIR, in
1972. To accomplish this, a coliaboration effort between AAFES (to
arrange and deliver samples) and the Food Hygiene Division was developed
and executed; preliminary results were reported in the 1973 report.
Completed analysis of the data has been accomplished.

RESULTS AND DISCUSSiCN OF THE RESULTS :

Sixty-four salads and specialty items were surveyed for compliance with
AAFES microbiological limits (Standard Plat: Count not L exceed
100,000/g, coliform organisms not m>re than 10/g; yeast and mold not
more than 20/g, and E. coli negative:). Standard Plate Count violations

11
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occurred in 15.62 of the samples; coliform violations in 21.8% of the
samples; and yeast and mold vi.'lations in 45.3% of the samples. On
a combined basis, 56.3% of the samples failed to meet AAFES micro-
biological iimits,

In addition to in~house analyses, data from 1057 salads reported by

DOD Testing Laboratory (from Study No. 2 - Computerized Data Collection
Program) were utilized in developing the final report on this project.
Violations in Stardard Plate Count limits occurred in 17.72 of the
samples, coliform violations occurred in 10.0% of the samples, and yeast
and mold violations occurred in 37.32 of the samples. E. coli was
detected in 3.8Z2 of the samples.

RECOMMENDATIONS :

1, The presient microbiological limits should be investigated for
adequacy.
2. Consideration should be given to increasing the yeast and mold

limits.
3. On the basis of analyses of individual types of salads, storage

of shrimp, egg, carrot and raisin, and macaroni salads should be limited

to 2 weeks.
4, Investigation of these items should continue.

CONCLUSIONS :

On the basis of this report and comments from other sources, the AAFES
has increased the yeast and mold limits to not more than 100/g. With
this increase, statistics developed in this study should be re-calculated
to determine the percentage of samples which now comply with limits.
Consideration is being given by AAFES to include limits for Staphyloccus
aureus in the specification.

PUBLICATIONS:

Fowler, J.L., R.E. Thomas, J.J. Jorgensen and D. Stutzman. Microflora
of Prepared Salads and Specialty Items Procured for Use by DOD
Installations. USAMRNL Laboratory Report No. 338, 1973.

STUDY NO. 3 Experiment 2. Microflora of Fresh

Salads Prepared by a Military Food
Service Establishment

PROBLEM:

Department of Army is in the process of developing a Central Food
Preparation Facility for troop feeding at Fort Lee, VA. The concept

12
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of operation is to centrally prepare most food items, including fresh
salads, with subsequent delivery to satellite dining halls. Micro-
biological guidelines are not available for these prcducts; the Food
Hygiene Division was requested to make recommendations to OTSG
concerning acceptable microbial flora. 1Two military dining facilities
were selected as the sample source and frequent samplings of these
fresh salads were accomplished. It is anticipated that 100 samples of
each type will be analyzed and statistically analyzed. Recommendations
will bte formulated from the results.

RESULTS AND DISCUSSION OF THE RESULTS:

Preliminary analysis cf 30 samples of each type have yieided the
following results:

TYPE OF SALAD SPC*/g COLIFORMS/g COLIFORMS/g
(plate method) (MPN** mathod)
Mixed Green 13,000,000 9,717 40,282
Cole Slaw 13,000 1,410 36,042
Green 810,000 769 3,249

* Standard Plate Count
** Most Probable Number

CONCLUSIONS:

None reached since the selected number of samples have not yet been
analyzed.

PUBLICATIONS:

None.

13
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ABSTRACT
PROJECT NO. 3A061101A91C In-House Laboratory Independent
? Research
3 WORK UNIT NO. 054 Iltrastiucture of Normal and

Diseased Animal Tissue

St b7
ittt

& The following investigations have been conducted under this work

g unit:

i

&i\ STUDY NO. & Light and electron microscopic analysis of dietary
2 influence on the thyroid and parathyroid glands of
;3% bon~2 of the rat.

i

é To test the influeuce of dietary calcium (Ca) and phosphorus (P) on
f the cytological state of the parathyroid and thyroid parafollicular

g cells (C-cells), weanling rats were fed one of four diet combinations
’ai of 1.2% or 0.02% Ca and 0.3% or 0.02% P. One half of each diet group
i received oral supplements of Vitamin D. Despite widely varying levels

of serum P snd serum Ca/P ratios, parathyroid activity, as judged by
cellular ultrastructura, was most closely correlated with the level of
serum Ca. The C-cells showed depressed activity only in the group with
the highest serum Ca level, which vas fed a P-deficient diet. This
wvork unit is being terminated.
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WORK UNIT 054 Ultrastructure nf Normal and
Diseased Animal Tissue

STUDY NO. 4 Lijzht and electron microscopic
anialysis of dietary influence on
the thyroid and parathyroid glands
and bones of the rat.

PROBLEM:

The maintenence of calcium homeostatsis in the mammalian body is the
primary function of two endocrine glands: the parathyroid and the
parafollicular cells of the thyroid. Their secretory mechanisms
respond to serum levels of calcium. Parathyroid hormone synthesis
and secretion is stimulated by a drop in serum calcium levels,
while calcitonin is stimulated by high levels of serum calcium.

Since the initial description of the ultrastructural characteristics
of parathyroid chief cells, nur2rous studies have evaluated the
functional state of this cell type at various levels of serum calcium.
The degree of synthetic activity is inversely related to serum
calcium leve). Ultrastrucutual studies of thyroid C-cells (para-
follicular cells), in contrast, indicate a state of cellular activity
corresponding to the level of serum calcium. Relatively few studies
have focused on both glands from the same animal under experimental

conditions.

In the absence of pathological conditions in the parathyroid glands
and C-cells, dietary levels of calcium determine the concentration of
calcium in the blood. The intestinal absorption of the calcium is
increased by Vitamin D. While considerable work has been conducted
regarding the physiological and morphological responses to blood calcium
levels, some of it correlated with dietary caicium, little effort has
been directed toward the relationship of the ratios of this mineral
and phosphorus in the diet or the effect of the presence of Vitamin D.

This study examined the effect of dietary calcium and phosphorus, or

the ratio of these minerals in the diet, with or without Vitamin D, on
the chronic cytological changes in the parathyroid and thyroid C-cells.
The morphological changes were correlated with blood Ca and P levels,

as well as mineral content in bones.

16
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RESULTS AND DISCUSSION OF THE RESULTS:

The tentative results of this study are presented in Table 1.
Weanling rats were fed one of four diets for eighteen days:

1.2% Ca and 0.02 P (ratio 60 to 1); 0.02% Ca and .3Z P (ratio

0.06 to 1); .02% Ca and 0.02% P (ratio 1 to 1); 1.22 Ca and 0.3%

P (ratio 4 to 1). Ome half of each diet group received vitamin

D (31 IU) by oral supplement three times weekly. Only three

diet groups (low Ca, low P, + and - D; high Ca, low P, -D) had
morphological signs of rickets (i.e., elongated, poorly developed
epiphyseal plates in the radii). These were also the groups wvith
extremely low bone ash values. The groups which had morphologically
normal bones exhibited two degrees of calcification, one normal and
the other significantly less than normal, but intermediate between
the ricketic and normal animals.

On the bases of cytological criteria, three degrees of activity were
present in the parathyroid glands. Highly active glands, with the
majority of the cells characterized by tortuous plasmalemal inden-
tations, a very large golgi apparatus, dense cytoplasmic matrix and
prosecretory granules, were observed only in animals of one diet
group (low Ca, adequate P, no Vit. D) which was che only group with
subnormal serum Ca levels. Only two dietary groups (high Ca, low P,
+ and - D) had inactive parathyroids, characterized by cells with
few plasmalemal indentations, pale cytoplasm, a small golgi apparatus,
and no prosecretory granules. Serum Ca levels were highest in these
two groups,and one of them (high Ca, low P, -D) had severe rickets,
the other groups, despite a wide variation in bone development (two
had rickets), had moderately active essentially normal, parathyroids
and normal levels of serum Ca.

Two degrees of activity were present in the parafollicular C-cells of
the rat thyroid. All the cells in one diet group (high Ca, low P, -D)
had very pale cytoplasms, few secretroy granules, little granular endo-
plasmic reticulum (GER) and very small golgi appratus. These animals
also had the highest levels of serum Ca, but relatively normal bones.
Active C-cells, with a large dense cytoplasm, massive concentrations of
secretory granules, arrays of GER and very large golgi, were character-
istic of the thyroids of all other diet groups.

CONCLUSIONS:

Low levels of dietary and/or serum phosphorus are necessary for the
production of rickets in the growing rat. Vitamin D and calcium
appeared to have no influence on bone development and a moderate
influence on mineralization in the presence of adequate levels of
dietary and serum phosphorus. Adequate or high levels of both Vitamin
D and calcium must be present to counteract the influence of inadequate

phosphorus.

17
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Parathyroid gland activity is directly related to serum Ca level.
Phosphorus, either in the diet or serum, must have its influence,

if any, on the parathyroid indirectly through serum calcium by
influencing bone development and mineralization or via renal
excretion and resorption. Alternately, the ratio of serum calcium
and phosphorus may be a regulating factor; however, in this study
Ca/P is a direct reflection of serum calcium. Thyroid C-cell
activity appears not to be stimulated by high calcium levels in the
presence of Vitamin D and low phosphorus. Stimulated thyroid C-cells
are normal during growth, a time of high mineral flux. Their activity
as reflected morphologically did not correlate well with the dietary
supply of these minerals or Vitamin D available to the animal.

RECOMMENDATIONS :

The results of this work should be refined to publishable form.

PUBLICATIONS :

18
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23. (U) To describe the biochemical, physiological, and psychological factors that con-
tribute to effective military performance and those that are responsible for fatigue and
exhaustion. To study the interactions of fatigue, chemical agents, nutrition, and
military performance effectiveness and for ameliorating fatigue and exhaustion.

24. (U) The studies will fall into three general categories: 1) organismic studies will
focus upon the performance characteristics of the individual; 2) systemic studies will
be directed at the contributions of the various organs and organ systems to the perfor-
mance of different tasks; 3) cellular studies will concentrate on those aspects of cell
function which limit overall organ and hence body functions.

25. (U) Due to the departure of the principal investigator during the first quarter of
the fiscal year and the subsequent departure of the associate investigators in the 3rd
and 4th quarters minimal research on this work unit was accomplished.
par-tures, however, they have been reducing data and writing manuscripts from data
acquired during the preceding fiscal year.
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ABSTRACT

PROJECT NO. 3A061101A91C In-House Laboratory

Independent Research
WORK UNIT NO. 059 Performance, Fatigue, and
Exhaust ion

The principal investigator responsible for this work umit
resigned from the Army during the first quarter of the fiscal
year, hence he did not initiate any new studies. An associate
investigator who also resigned from the Army during the fiscal
year, completed some additional work on rehearsal and psycho-
motor performance. The results are currently being evaluated
statistically and vhen completed a report will be written.
This work unit is being terminated.
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WORK UNIT NO. 059 Performance, Fatigue, and
Exhaustion

STUDY NO. 6 Rehearsal and Psychomotor
Performance

Because of the transfer of function from the Medical Research and
Nutrition Laboratory, Denver, to Letterman Army Institute of Research,
Presidio of San Francisco, and the associated dissolution of the
Physiology Division this work unit is being terminated. Even though
the principal and associate investigators have resigned from the Army,
they have indicated a desire to publish work accomplished under this
vork unit, once they have completed data analysis and manuscript pre-
paration. Such reports as they are received will be processed through
normal review and clearance channels.

RESULTS AND DISCUSSION OF THE RESULTS:

Subsequent to the initial study described in the FY 73 annual progress
report, additional data were collecied from 23 subject volunteers to
assess the efficacy of rehearsal for maintaining performance of a
psychomotor skill under conditions of distributed practice. Again,
mental rebearsal interfered with the retention of a target-tracking
task.

CONCLUSIONS AND RECOMMENDAT.ONS: The data evaluation and manuscript
preparation should be completed.

PUBLICATIONS:

The following manuscripts were prepared and submitted for review and
clearance:

l. Sterner, R.T.: Interpretation of analysis of variance effects in
designs yielding significant subjects X treatment interactions.
(To be submitted to scientific journal)

2. Stermer, R.T.: An inexpensive periodic scanner for obtaining
multiple analog measurements with a single channel output device.
(Laboratory Report)

3. Sterner, R.T., J.T. Wheeler and L.F. Krabill.: Program post-hoc:
one-way analysis of variance with post-hoc Dunnett, Newman-Keuls
or Scheffe' mean comparisons. (Laboratory Report)

4. Weiger, P.C., Kinsmen, R.A., and Stamper, D.A.: Tesk Specific

symptomatology changes resulting f-om prolonged submaximal
bicycle riding. Med. Sci. Sports 5: 79, 1973.
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23. (U) It is hypothesized that Vitamin D 1s converted to 25-hydroxycholecalciferol
(25-HCC) in the liver, which is then coverted to 1, 25-dihydroxycholecalciferol (1,25-
DHCC) in the kidney prior to its metabolic effects on intestine, which include induc-
tion of calcium binding protein (CaBP) and increased calcium absorption. Volunteers

or inductees entering military service have a need for 8.5 tooth restorations per man.
At the current cost of dental procedures in military facilities and at an entrance rate
of 5,000 men/month cost of dental care equals $2,363,400 per year to treat inductees or
new enlistees. From January 1965 through September 1970, 2,347,464 man days were lost
due to hospitalization of 59,472 soldiers in Vietnam with bone and joint injuries. It
is anticipated that results of this research may improve these statistics through re-
duction of the prolonged convalescence following bone and joint injury and improvement
in peridontal and dental health.

24. (U) An assay for human calcium binding protein (CaBP) is being developed so that
studies can be more readily performed. These studies will include the evaluation of
the impact of dietary calcium and phosphorus, other nutritional factors and various
disease conditions on the intestinal absorption of calcium in man. The antibody to
CaBP (Anti-CaPB) used in the above assay will also be used to localized CaBP in tissues
and to study the influence of nutritional factors on such localization.

25. (U) 73 07 - 74 06 Rabbit anti-CaBP has been prepared and used to demonstrate

CaBP in the intercellular and basal region of human jejunum, in pancreatic islets of
cat, mouse and rat, and in a limited (approximately 20-20%) subpopulation of renal
tubular cells in several species. Within stained renal cells, some nuclei stain while
others do not, which is an observation that may be of critical importance to an under-
standing of the mechanism of regulating vitamin D and calcium metabolism.

vellable to contrectore originaters o val.
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ABSTRACT

PROJVCT N0, 3A1611Nn1A91C In~-liouse Laboratorv Dependent
Research

WORK UNIT NO, 060 Vitamin D, Calcium and Phosphorus
lfetabolism

The following studies have been conducted under this worl unit in the
current fiscal vear:

STIMY NO, 2 Assay for Human Calcium Bindir~ Protein (Calil)

Human Renal CaBP purified durigg FY 74 was used to prepare antibody
(Ab) to the nrotein, vrepare I labeled CaBP, and as standards to
set up a radioimmunoassay for human CaBP, Results of a preliminary
studv demonstrai;Q that human intestinal biopsy homogzunates competi-
tively inhibit ~“~1 labeled CaBP binding to the Ab and thus provides
a means of determining relative amounts of CaBP in such specimens,

Also, additicnal human renal CaBP’ has been purified in the current
fiscal year and a preliminary amino acid comnosition of the rurified

material) is renorted.

STUMY NO. 4 Electron Microscopic Localization of CaBP in luman
Intestinal Mucosa

Calcium-binding nrotein (CaBP) was localized with peroxidase-labeled
antibodv in human jejunum and kidney, and in kidney and pancreas of
several animal smecies. The protein vas associated with plasma mem-
brane and intercellular snmace of jejunal absorptive cells. It was
present in a specific population of renal tubule cells and in pan-
creatic islet cells. Immunohistochemical staining of intestinal
CaBP with antibody to renal CaBP indicates structural similiarity
between the two proteins despite their different molecular weight.
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BODY OF REPORT

WOPK ITT NO, 060 Vitamin b, Calcium and Phosphorus
Metaholisn

STuny No, 2 Assay for iluman Calcium Binding
Protein (CaBP)

PRODLEN:

According to a USDA study in 1965, the three commonest deficiencies
in the American diet are vitanin A and C and calcium, It is quite
likelv that dietarv calcium deficiency is at least partially respon-
sible for the fact that volunteers or inductees entering military
service have a need for 8.5 tooth restorations per man. Also,
militarv nutrition surveys conducted by this lahoratory reveal a
dietarv calcium: phosphorus ratio of less than 0.8 while the NRC
recommended ratio in the diets of most animal species ranges from
1.0 to 2.0 and commercially available primate diets have a calcium:
phosphorus ratio of approximately 1.7. Studies to evaluate the in-
pact of dietarv calcium and phosphorus levels, other nutritional
factors and various disease conditions on the intestinal absorption
of calcium in man are needed. Balance studies are extremely expen-
sive and time consuming. Large scale studies utilizing radloisotopic
tracer techniques are not possible because of objections to the
radiation exposure. llowever, a calcium binding protein (CaP) has
been reported in the intestine and kidney of man and varioux other
species. In the chick, the capacity of the intestine to absorb
calcium 18 related to the concentration of CaBP. The nrimary
objective of this study is to develop an assay for CalP which is
applicable to human duodenal and jejunal biopsv specimens, thus
providing a means of monitoring intestinal calcium absorptive
canacity in man. Such an assay 1is an important prerequisite to

the study of means of preventing decalcification and pronvoting
calcification in appropriate clinical situations.

REGYULTS AND DISCUSSION Or' THE RISULTS:

Additional human renal CaBP has been purified by the nethods deve-
loped in FY 74. Antibody (Ab) to CaBP was made in rahbits ani,ghe
Ip {1solated hy (NI,),S0, precipitation. A standard dose of I
CaRP was incukated wifth an Ab dilution so that the bound/free ratio
wvas approximatelv 1.0, Non-labelegqgaBP and human intestinal biospy
homopenates competitively inhibit ~"“1 labeled Ca3P binding to the
Ab, thus providing the basis for the radioimmunoassay in the range
of 0-20 ng CaBP/tube with 5 npg/tube readily detectable. Samples
were incubated in .01 ' tris, .12 M NaCl, .qgg 1 161 and 0,27 Nall
for 72 hrs; after which the bound and free T were senarated by
', ). S0, precipitation. In a wreliminarv study, a subject fed
20N 'mg calciun/day for 14 days had CaBP concentrations of 1.5, 0.7
and 0.6 np CaBP/ug nrotein in the heat treated duodenal mucosal
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filnegnate at 0, 7 and 14 days respectively, CiPr=activated Sepha-
rose’ 4 coupled Ab absorhed CaBP from a crude renal homosenate of
g post mortem tissuc, confirming the presence of CaBl specific Al In
‘ the Ab preparation,  Based on the abhove Ruccessful regults of the
CaBP assay, another collaborative study with :he "epartment of

Yedicine, LAIR, was initiated., The study was desipned to measure

the CaBP concentration in Jejunal Monsies of 5 obesge human subjects
tvho were fasting or receiving a 400 calorie diet. Samples have becen
collected and are being stored at -70°C until the as§g¥ can be re-

established suhsequent to the laboratory move, New ~-°1 labeled

CaBP will have to be prepared before the assay can be reestablighed,

A nortion of the purified CaBP has also heen used to determine its
amino acid composition. This was accomplished by collsboration with
Dr. David fohn and co-workers at the Veterans Administration hosnital
in Kansas City, Mo, The results are nresented in table 1 along with
the nublished composition of the vitamin D dependent CaBP from chick
intestine. A marked similiarity of the tvo proteins is apparent.
Composition studies of thig nature are considered to he of consider-
ahble importance to nprovide data relative to the possible vitamin D
dependency of faBP 1in humans, It is not ethically feasihle to in-
duce vitamin D deffcient rickets in man, which vould be the only
conclusive wav to demonstrate such a dependency,

T e AR e e :

.
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TABLE 1,

Amino Acid Composition of Human Pen=i CaRP and Chiclk Intestinal CaBP.

Residues/mole
Amino Acid Human Renal CaBP Chick Intestinal CaBP
Alanine 15 17
Arginine 6 5
Aspartate 30 34
Cvstine 3 3
Glutamate 37 44
Glycine 1, 13
Histidine 5 3
Isoleucine 9 11
Leucine 28 31
Lysine 17 24
Methionine 4 3
Phenylalanine 11 13
Proline 8 3
Serine 11 2
Threonine 12 n
Trvptonhan not determined 2
Tyrosine 5 8
Valine 7 5
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CONCLUSIONS:

A radioimmunoassay for determining relative concentrations of CaBP
in human intestinal biopsies is fcasible.

RECOMMENDATIOLS ¢

1. Continued application of the CaBP radioimmunoassay to the study
of the role of CaBP in nutritional and/or metabolic disease processes.

2, Continued efforts to prepare a more intestinal CaBP specific
antibodv which would improve the sensitivity and specificity of the
assay.

3. Initiate studies to determine the amino acid sequence and chemical
characteristics of CaBP as a means of gaining insipht into the basic
mechanism whereby CaBP alters the efficiency of calcium absorption.

PUBLICATIONS:

1. Morrissev, R. L, and D, F, Rath., Purification of Human Penal
Calcium Binding Protein from liecropsy Svecimens. Proc. Soc. Expt.
Biol. Med. 145: 699-703, 1974,

2. Morrissey, R. L., E. G, Lufkin, T. J. Bucci and R. H. Herman.
Radioimmunoassay for and Cellular Localization of Human Calcium
Binding Protein. Fed. Proc. 33(3): 714, 1974 (Abstract).
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STUDY 10, 4 Electron Microscopic l.ocalization of
of CaBP in Human Intestinal !Mucosa

PROBLEL':

It is anticinated that the problem outlined above (S"=2) can be

more readily dealt with if the mechanism and route of intestinal
calcium transport are knovm. Precise tissue localization of CaBP

is of critical importance to this objective. Taylor and Wasserman
have reported the localization of CaBP on the intestinal brush
border and PAS positive cells of the intestinal mucosa, using the
fluorescent antibody technique in chicks. Ilowever, the resolution
of the techniqu: was not adequate to demonstrate the presence of
CaBP in or between intestinal absorptive cells. !lore recently,
\lasserman has renorted that lanthanum comnlexes with CalP avidly.
Also, electron dense particles can be demonstrated in the inter-
cellular space of intestinal mucosa nredosed with lanthanum, It

was not known vhether CaBP was involved in this route of transport
or vhether calcium was transported via this route. When Ab to human
renal CaBP became available as a consequence of 5T-2 of this work
unit it became possihle to localize CaBP in human tissues hy the
peroxidase-labeled antibody technique and thus determine the possille
merit of the hypothesis that calcium is absorbed by nassing between
intestinal cells rather than through them,

PESULTS AND DISCUSSION OF RESULTS:

The laboratory methodology for conjugating horse radish neroxidase
to antibod.es has been mastered and neroxidase conjugates of sheep
anti-rabbit gamma ploblin and rabbit anti-CaBP pamma flobulin have
been prepared.

Biopsv specimens of normal human jejunum were obtained with a Crosby-
Kupeler capsule and fixed in paraformaldehyde, Upon staining, the
presence of CaBP was indicated by brown reaction nroduct in the inter—
cellular space around absorptive cells of the villus tips. It was
associated with the lateral and basal nlasma membranes, but there

was little in the microvillar repion of the epithelial cells., Re-
action nroduct was also present in the basement membrane region
beneath absorptive cells. There was no reaction product within the
cytonlasm of ahsorntive cells.

The same technique was employed to localize CaLlP in lidney and pan-
creas. The pattern of localization of CaBP in the kidney was strikingly
similar in man (autopsy), monkey, dog, cat, rat, mouse, and chick,

In the outer cortex, only certain regularly-spaced proxinal and

distal tubules contained CaBP, suggesting a non-random distribution,
CaBP was also present inconsistantly in cells of straipht segments,
collecting ducts, and in thin loops deep in the papilla. Sections
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of positive tubules contained cells with reaction product in cyto-
plasm or nucleus, or both. Cell membranes and brush horders were
consistently stained in nositive cells. Completelv unstained cells
vere present immediately adjacent to positive ones. No reaction
product was present in hlood vessel walls, in cells of the glome-
rulus, or in bhasement membrane of glomerulus or tubules. The
selective distribution of CaBP among segments of particular neph-
rons was consistent and present in the several species studied.
Whether the CaBP-positive regions are constant or shift with chanpinp
functional states remains tc he shown. Nevertheless, the distribu-
tion implies a degree of heteropeneitv among renal tubules vhich

has not been demonstrated previously. The variahle nuclear staining
in renal tuhule cells raises the possibility that CaBP might function
as a regulator of pene exnression in those cells,

CaRP was present in the nancreatic islets of the cat, dog, rat,
mouse and chick., Human pancreas was not examined, In the islets,
the reaction nroduct was distributed intracellularly in a majority
of the islet cells and the nuclel werc unstained., The distribution
of the labeled cells and the coarse granular pattern of the reaction
product vithin cells sugpests that the CalP is associated vith Beta
cclls. FExocrine tissue of the pancreas did not contain CaBP., A
relation hetween calcium homostasis and pancreatic function has
been sugacsted by earlier reports. Previously reported methods had
not demonstrated CaBP in nancreas, but a relatively hieh concentra-
tion of calcium in pancreatic islets has been reported.

CONCLUSIONS &

1. The presence of CaBP in intercellular spaces adds sunport to
liagserman's proposal of a "paracellular" component for Cat+ trans-
rort. The annarent contradiction hetween our results in human
intestine and the results of Taylor and Wasserman in chick intestine
could he due to either species differences or technianue differences.

2. Based on the above irmunologic evidence, CaBP is quite probahly
a comnonent of nancreatic tissue in spite cf earlier necative reports.

3. CalP is only presert in a limited subpopulation of renal tubules,
rather than in a portion of all tubules as was previouslv supnosed,

PECOMHENDATIONS

As 1investipator and technical support nersonnel became available,
studies with the following objectives should be initiated:

1. Chemical characterization of purified human renal CaBP; including
amino acid seauencing, determination of the calcium bindiry constant
and number of calcium binding sites per molecule, S-S bridege potential,
and possibhilities for subunit organization.
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2. The influence of nutritional and metabolic factors on the
nuclear staining pattern of renal cells should be determined in
order to assess the possibility that CaBP is involved in the regula-
tion of gene exnression in those cells, The factors should include
hiph strontium diet, low calcium diet, vitamin D deficient diet,
vitamin D toxicity, renal perfusion with varying concentrations

of TENTA, renal perfusion with varying concentration of calcium,
renal perfusion with strontium, parathyroid hormone injection,
parathyroidectomy, thyroidectomy, renal perfusion with varying
phosphate concentrations both pre and with fixation solution,
insulin injection, insulin antibody injection, streptozotocin
injection and alloxan injection.

3. CaBP should be isolated from pancreas and hone in order to
chemically demonstrate its pres:nce in these tissues.

4. Elzctron microscopic studies should be conducted to more
nrecisely localize CaBP within cells.

5. Studies should be initiated to determine the role and function
of CaPRP in pancreatic islets and find the connectian, if any, between
osteoporosis in diabhetics and CaBP function.

6. Studies should be initiated to determine where CaBP is formed
within the intestinal mucosa (i.e. in mucosal cells or goblet cells).

PUBLICATIONS:

1. Buccei, T. J., R, L, Morrissey, R, W. Lmpson, Jr., and C. G,
Plopper. Immunohistochemical Localization of Calcium=Binding
Protein in Jejunum, Pancreatic Islets and Kidney. Am, J. Path.
74: 83a, 1974 (Abstract).

2. Morrissey, R, L., T. J. Bucci, R, N. Cmpson, Jr,, and Fi. G,
Lufkin. Cellular localization of Calcium=~Binding Protein. Proceed-
ings of the 1974 Army Science Conference, In Press,
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23. (U) The objective is to evaluate the oxygen transport function of blood, partic-
ularily oxygen affinity, and define its role in modifying physiologic responses of

military personnel to trauma, environmental stress, and disease. Related objectives:
(1) develop and evaluate a simple and reliable means to measure blood oxygen affinity;
(2) discover practical agents for manipulating oxygen affinity during hemorrhagic shocﬁ
and physical performance.

24. (U) Because available techniques are generally slow, laborious and, in retrospect,
poorly designed to account for dynamic relationships between red cell nutritional
status, metabolic integrity and functional capability, this study necessarily involves
a major effort to develop improved methodology. Using human and experimental animal
blood, oxygen affinity data is compared with existing information, where available, or
analyzed in relation to present theory, clinical diagnosis (humans) , or experimental
manipulation (laboratory animal). Drugs and physical agents are tested iﬂ.!iEEQ to
assess potential in vivo modifiers of oxygen transport.

25. (U) 130 additional patients from LAMC have been tested with the oxygen affinity
technique previously devised. These results continue to show numerous patients with
elevated oxygen affinity, suggesting compromised oxygen transport to tissues, partic-
ularly the heart. Elevated oxygen affinity is statistically associated with change in
shape of the dissociation curve; these results (and those of others) suggest that
oxygen affinity is altered with changes in vivo mean cell age. High oxygen affinity
was prevalent in arteriosclerotic heart disease and patients with angina.
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ABSTRACT

PROJECT NO. 3A161101A91C In-House Laboratsry Independent
Research

WORK UNIT NO. 386 Development of a Rapid Clinical

Procedure for Assecaing Blood

Oxygen Affinity

A new technique has been developed to measure blood oxygen affinity
that has several advantages vompared to older techuiques. This
technique has been used to investigate oxygen affinlity in laboratory
animals and humans, including several hundred patients with various
pathological conditions. With normal laboratory animals and humans,
data similar to that previously reported has been obtained. Patients
show greater variability in both shape and position of the curve than
do normals, and prevalently display both high oxygen affinity and

a modified shape. Abnormal values are prominently associated with
arteriosclerotic heart disease and angina in the present sample
(approximately 275 patients). Further study is needed to assess

the clinical significance of altered oxygen affinity because of

the important role this factor can play in tissue oxygenation,

carbon dioxide removal and acid-base homeostasis.
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WORK UNIT NO. 386 Development of a Rapid Clinical
Procedure for Assessing Blood
Oxygen Affinity

STUDY NO. 1 Development of Blood Oxygen Affinity
Technique (Biotonometry)

PROBLEM:

Available techriques for measuring blood oxygen affinity often are
difficult to use, especially for routine screening of numerous

blood samples. Also, practically all techniques utilize equilibra-
tion procedures that are inconsistent with present knowledge of

the relation between erythrocyte metabolism and oxygen affinity.
Recognition of the dynamic role of such constitutents as 2, 3-di-
phosphoglycerate (DPG) and adenosine triphosphate (ATP) in modifying
erythrocyte functional attributes has stimulated widespread clinical
interest in this matter. This study seeks to develop improved

means of measuring blood oxygen affinity.

RESULTS AND DISCUSSION OF RESULTS:

Continued experience with the biotonometry technique developed during
this study supports previous impressions regarding the method's
advantages. It is simple, rapid and inexpensive. Repeat trials

show good reproducibility. Equilibration procedures required with
esrlier techniques are unnecessary. Because alterations of
erythrocyte DPG levels have been shown to occur rapidly under
conditions similar to those used for such equilibrations, results
with the biotonometry method may reflect more accurately the

in vivo status of blood oxygen affinity.

CONCLUSIONS:

The biotonometry method can be successfully applied to problems
requiring blood oxygen affinity information and will be used in
connection with related studies in this research.

RECOMMENDATIONS :

None.

PUBLICATIONS:

Neville, J. Ryan. Hemoglobin Oxygen Affinity Measurement Using
Biotonometry. J. Appl. Physiol., 1974 (Accepted for Publication)
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Development of a Rapid Clinical Procedure for Assessing Blood Oxygen
Affinity (Cont)

STUDY NO. 2 Oxygen Affinity Changes in Response
to Trauma, Stress and Disease

PROBLEM:

Until recently, scientific consideration of the manner in which
oxygen combines with hemoglobin was confined almost exclusively
to textbook accounts or specialized publications dealing with the
molecular aspects of the heme-proteins. When considered at all
from a practical standpoint, for instance in determining cardiac
out .ut using the Fick principle, it was widely assumed that blood
oxygen affinity for any species was an invariant relation that
could be normalized by simply correcting for pH and temperature.
Although other factors were known to affect this equilibrium,

such influence was felt to be negligible under most circumstances,
notable exceptions being carbon monoxide inhalation und the
possible presence of abnormal hemoglobin. This established dogma
has been put to rest only recently following intensive investi-
gation of the effect of high energy phosphates (ATP, DPG, etc.)

on the gas transport function of blood. The practical significance
of these important findings, however, has not been demonstrated,
despite the compelling theoretical arguments that have been
advanced. Using a new technical approach (see Study No. 1) this
effort is designed to evaluate the effect of oxygen affinity
change on overall oxygen transport and define its actual role
during trauma, stress and disease. For this purpose, use is made
of both experimental animals and blood samples from patients
confined at the Letterman Army Medical Center (LAMC). In view

of the obvious experimental as well as potential theraputic
advantages afforded by controlled manipulation of oxygen affinity,
the study includes a search for agents capable of modifying this
function.

RESULTS AND DISCUSSION OF RESULTS:

One of the more interesting observations on reviewing the accumulated
data now available (on about 275 LAMC patients) concerns the
prevalent association of high oxygen affinity with arteriosclerotic
heart disease (ASHD) and angina. This finding adds factual support
to what has heretofore been a speculative theory regarding the
etiology of these conditions. Previous attempts to correlate

oxygen affinity with ASHD and/or angina had either been incon-
clusive or ylelded lower than normal oxygen affinity. In the latter
instance, it was assumed that low oxygen affinity was a compensatory
response favoring tissue oxygen delivery rather than an etiologic
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factor. The implications of high oxygen affinity in these patients
are being pursued in collaboration with LAMC clinicians.

As previously reported, the shape of the curve is a significant
variable affecting oxygen affinity. As a group, patients have

Hill shape factors (n) ranging from 2.0 to 3.0, normals most
commonly having values close %o 2.5. Low values of the shape are
regularly associated with high oxygen affinity. As a consequence,
even minor increases on oxygen affinity will theoretically have

a significant effect on the efficiency of oxygen extraction from
blood by an organ such as the heart, since much of its oxygen 1is
delivered from the low end of the dissorlation curve. The pre-
viously reported effect of the tranquilizers Valium and Librium

on oyxgen affinity has not been confirmed by direct test in experi-
mental animals (rats}. In re-evaluating the original finding in
humans, it was established that in practically every case where
high oxygen affinity was associated with these drugs, the patients
had sustained a recent mycardial infarct or were being evaluated
for this condition. Thus the apparent relation between these

drugs and high oxygen affinoty may have been an artifact. When
previously analyzed, patient clinical information was not available
in all cases, and the possible overriding influence of the pathology
involved was not considered.

CONCLUSIONS :

— i - — ———— —

Definite proof of the tentative findings reported above may provide
useful insight into prevention and treatment of arterisoclerotic
heart disease. Such proof would also considerably strengthen the
case, now advocated mostly on theoretical grounds, for oxygen
affinity being an important variable in other diseases, in trauma,
and during environmental stress.

Further analysis of present data should be pursued, particularly
after review of patient records for more complete clinical infor-
mation. Accumulation of oxygen affinity profiles should be continued
on a more selective basis.

PUBLICATIONS:

Neville, J. Ryan and J.P. Hannon. Altitude Tolerance and Oxygen
Affinity. Science, }974 (Submitted).
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PROJECT NO. 3A161101A91C In-House Laboratory Indepen:lent
Research
WORK UNIT NO. 387 Pathogenesis of Coliform

Induced Colitis in Mice

Investigations of coliform-induced murine chronic colitis described
in FY 73 continued. To determine whether infectious cultures of
Citrobacter freundii (ANL) were contaminated with filterable agents
(viral), and these were the causative agent rather than the coliform,
cultures were disrupted by sonication and freeze~-thawing followed by
ultrafileration. The filtrate, which contained no viable bacteria,

wvas not infectious.

To explore the host range of the coliform, it was administered to
veanling rabbits and hamsters in doses highly infectious to mice.

No evidence of clinical or pathological changes were produced.

These studies indicate that intact Citrobacter freundii are necessary
to produce infection in mice, and that the organirm has a limited
host range. This system could be a useful model fo- study of
mechanisms involved in human bacterial colitis.

This work unit is being terminated, due to transfer of the principal
investigator.
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WORK UNIT NO. 387 Pathogenesis of Coliform
Induced in Colitis in Mice

PROBLEM:

The study of chronic colitis in mice using Citrobacter freundii
(ANL) as the initiating agent may represent a convenient tool to
study chronic colitis of man. Studies to date have included a
description of the sequential development and clearance of lesions
in mice. Additional parameters that require elucidation include
the host response in other laboratory animal species when exposed
to the organism, elimination of the possibility of viral contam-
ination of bacterial cells used in exposures, and completion of
the electron microscopic examination of material collected during
FY 73.

n
,
;
b
:
i

e e R SR A R

X

RESULTS AND DISCUSSION OF THE RESULTS:

Cultures of Citrobacter freundii (ANL) were washed in saline and
disrupted using sonication and freeze-thaw methods followed by
! filtration through a 0.45 micron HA millipore filter. Weanling
mice were exposed by gavage. No clinical, gross, or microscopic
g evidence of colitis were found in animals treated with disrupted
cells. These data militate against viral contamination of the
bacterial culture as the cause of the induced disease in mice.
Weanling rabbits and hamsters were exposed to large numbers of
saline washed Citrobacter freundii (ANL) organisms. No evidence
of clinical infection or pathological changes were found in
treated animals. Although preliminary, these data suggest a
limited host range for Citrobacter freundii (ANL).

CONCLUSIONS :

Cultures of Citrobacter freundii (ANL) cause severe hyperplastic
colitis of mice when the intact organisms are given by gavage.
Because of the Limited host range of the agent and the lengthy
delay in clearance of the lesions (see Annual Report, FY 73) this
system may be useful as a comparative model in the study of bac-
terial colitis c¢f man.
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Pathogenesis of Coliform Induced in Colitis in Mice (cont)

RECOMMENDATIONS :

Recommend this study be terminatad following critical examinrtion
of l-micron sections to evaluate light microscopic changes and to
determine requirement for electron microscopic study of tissues
already collected.

PUBLICATIONS:

Ediger, R.D., Kovatch, R.M. and Rabstein, M.M.: Colitis in mice
with a high incidence of rectal prolapse. LAB ANML. SCI. 24:488-
494, 1974.
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activity. lleating the serum at 56 degree Centigrade for 30 minutes prior to the
reaction with saliva causes a marked reduction in WBC chemotactic activaty. This
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ABSTRACT

PROJECT NO. 3A161101A91C In-House Laboratory Independent
" »gearch
WORK UILIT NO. 389 The Relationship of Polymorphonuclear

Neutrophil (PMN) Chemotactic Activity
to Inflammatory Periodontal Diseases
in Military Personnel

The purpose of this investigation was to evaluate in vitro neutrophil
(PMN) chemotactic activity resulting from interaction of parotid
fluid and fresh serum. If mediators of inflammation occur after this
interaction, they are of possible importance in wound healing in

the highly contaminated oral environment.

Human parotid fluid was reacted with fresh human serum. Following
incubation and heat inactivation of this mixture, it was placed

in Gey's medium, in the lower compartment of a modified Boyden
chamber. In the upper compartment of this chamber, separated from
the lower compartment by a millipore filter, was placed a quanti-
tated number of PMNs in Gey's medium. Following incubation, the
filters were removed and stained and PMN chemotactic activity was
determined microscopically (PMNs per high power field).

Test mixtures, with associated PMN chemotactic activity, were:

a) Parotid fluid (none)

b) Serum (minimal)

c) Parotid fluid plus sevum (marked)

d) Parotid fluid plus hrat inactivated serum (minimal)
e) Gey's medium (none)

Parotid fluid reacts with fresh serum, producing PMN chemotactic

activity. This phenomenon is of possible significance in the early
migration of PMNs in oral wounds exposed to various oral secretions.
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WORK UNIT NO. 389 The Relationship of Polymorphonuclear
Neutrophil (PMN) Chemotactic Activity
to Inflammatory Periodontal Diseases
in Military Personnel

PROBLEM:

The objective of this investigation was to evaluate in vitro neutrophil
(PMN) migration (chemotactic activity) resulting from the interaction of
parotid fluid and whole saliva with fresh serum. A great deal of know-
ledge is available on the physiologic function of parotid fluid,

saliva and serum, however, there is no information on biological
activity resulting from the interaction of these components. If
biological mediators of inflammation occur following the interaction

of serum and saliva, they are of possible significance to host defense
and, therefore, wound healing in the highly infected oral environment.
Our hypothecis is that PMN chemotactic activity in enhanced when whole
saliva reacts with fresh serum and that the biological activity is
dependent upon a heat labile constituent in fresh serum.

This hypothesis was tested by comparing the level of PMN chemotactic
activity of fresh serum, whole human saliva, parotid fluid and various
combinations thereof. Five healthy individuals served as experimental

subjects for this study. The experimental methods and controls are
outlined as follows:

1. Collection of parotid fluid and saliva.

Parotid fluid was collected with a Currey cup placed over
Stenson's duct. Whole saliva was collected in a 50 ml plastic tube.

2. PMN Chemotaxis.

a. Twenty (20) ml of blood was drawn from the antecubital
vein into a heparinized tube. Ten (10) additional ml of blood was
used to prepare fresh serum.

b. The heparinized blood was sedimented in a 2 percent
Dextran solution. The plasma was separated and PMNs diluted in
Gey's solution. Cells were washed twice and concentration adjusted
to 2.2 x 10° cells per ml. The final suspension of PMNs was placed
in the upper part of the Boyden chamber after the chemotactic sub-
stance was placed in the lower part.

¢. The serum was removed from the clotted blood and frozen
if not used immediately.

43



The Relationship of Polvmorphonuclear Neutrophil (PMN) Chemotactic
Activity to Inflammatory Periodontal Diseases in Military Personnel

(Cont)

d. Millipore filters were numbered and placed in the Boyden
chamber,

e, The chemotactic stimuli or control were placed in Gey's
solution in the lower part of the Boyden chamber; the PMN suspension
was placed in the upper part.

f. The following test substances were used to evaluate WHC
chemotactic activity of various reaction mixtures.

Chemotactic Test Substances

(1) Bacterial CTX (whole sterilized saliva)

(2) Endotoxin activated serum

(3) Heat inactivated serum plus endotoxin (control)

(4) Whole saliva plus serum

(5) Heat inactivated serum plus whole saliva (control)
(6) Parotid fluid plus serum

(7) Parotid fluid plus heat inactivated serum (control)
(8) Gey's medium control

g. The chambers were incubated for three hours at 37°C,
5 percent COZ’ in high humidity.

h. Filters were washed, stained with hematoxylin, cleared
and mounted on microscopic slides with a cover glass.

1. Cells were counted on the bottom of the filter discs
using 450X magnification and a grid. Ten random fields were averaged.
The average number of PMNs per high power field was the chemotactic
activity. The chemotactic activity minus the background cell migration
was the chemotaxis index. Reading of slides was done in a single
blind manner on coded s ides. When the chemotaxis values were established,
the values were decoded.

RESULTS AND DISCUSSION OF THE RESULTS:

Text mixtures with associated PMN chemotactic activity are as follows:
(Chemotactic activity is the mean PMNs per high power field + standard
error for five test subjects.)
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(Cont)

Test Substance PMN Chemotactic Activity
Serum 41 + 5
Parotid fluid 6+ 2
Serum + parotid fluid 142 + 30
Heated serum + parotid fluid 71 + 23
Saliva 239 + 54
Serum + saliva 359 + 51
Heated serum + saliva 311 + 52
Serum + endotoxin 341 + 43
Gey's medium 8+ 2

Previous studies have estabished that products from bacteria in salivea
are cnemotactic for PMNs and that parotid fluid ijoes not exhibit chemo-
tactic activity. Fresh serum activated by antigen antibody complex
(1gG and IgM), endotoxin, zymosan, casein or cobra venom is strongly
chemotaccic for PMNs. The chemotactic activity develops from heat
labile serum complement. In the present study, parotid fluid produced
a mild PMN chemotactic activity following resction with serum, while
whole saliva produced marked activity. The PMN chemotactic activity
of serum activated by whole saliva was equivalent to the chemotactic
activity produced by reaction of endotoxin with serum. Heat inactiva-
tion of serum resulted in a reduced PMN chemotactic activity following
reaction with either endotoxin or whole saliva. The minimal activity
nroduced by parotid fluid is not considered biologically significant
and is nerhaps due to coatamination. Wholz saliva reacts with serum
to produce marked PMN chemotactic activity. This reaction is of
possible significance in wound healing of oral tissues following
trauma or surgery in the highly infected oral environment. The

PMN chemotactic response would provide an important first line of
defense and allow wound healing to proceed without overt infection.

CONCLUSIONS :
Parotid fluid reacts with fresh serum producing PMN chemotactic activity,
This phenomenon 1s of possible significance in the early migration of

PMNs in oral wounds exposed to various oral secretions.

RECCMMENDATIONS :

This study is terminated because of the closure of this department.
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PUBLICATIONS:
Tempel, T. R., H. L. Lazarus, B. Cheney and J. L. Cutcher. Parotid

fluid-serum interaction: Generation of PMN chemotacti: activity.
J. Dent. Res. 53: 176, 1974 (Abstract).
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ABSTRACT
PROJECT NO, 3A061101A913 In~liouse l.ahoratorv Indenendent
Research
WORI. UNIT NO, 391 Some Lffects of ilypertonic lledium

on Cultured !Mammalian Cells

The following investipation was started under this work unit:

STUDY N0, 1 Changes in mitotic index of mammaliar cells effected
by hypertonic treatment

Studv No, 1: Shake exneriments designed to vield synchronous Chinese
hamster ovary cells with a mitotic index greater than 90" pave less than
optimum vields. Further exneriments to imnrove the vield vere precluded

by loss of the principal investisator and the work unit was terminated,

Use of the specialized cell culture eauinpment purchased for this worl: unit,
was provided to the Clinical Investigation Service, IAMC under terms of the
IATIR = LAMC Intraservice Sunrnort Agreement.
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WORK. UNIT, 301 Some LEffects of Hypertonic !Medium
On Cultured !ammalian Cells

STUDY NO, 1 Changes in *fitotic Index of lammalian
Cells LEffected by livpertonic Treatment

PROBLEN: The ahility to control cell proliferation is esnecially important
in wound healing. Wounds made in the skin of Rhesus monkeys respond by
shot'ing an increase in the numher of epidermal cells undergoing mitosis.
The mitotic rate is not uniform, but proceeds in waves as if the cells

vere nartiallv synchronized. This study was designed to first establish

a method of synchronization to yield larpe numbers of cells in one phase

of the cell cvcle, then to quantitate chanpges in cell size and mitotic
index effected hv hypertonic treatment.

RESULTS AND DISCUSSION OF THT PESULTS: * cell line, Chincse hamster ovarv,
vas established under labcratory conditions. Shake exnerirents pave vields
of onlv un to INY mitotic cells. Further experiments to improve cell vield
ended vith the loss of the nrincipal investigsator.

COMCINSINGS:  The study ended in the developmental stace, no conclusions

can he dravm and the worl. unit was terminated.

PIBLICATINMS ¢ iione
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ABSTRACT

PROJECT NO. 3A161101A91C In-House Laboratory Independent
Research
WORK UNIT NO. 392 Deferoxamine-Efficacy by Various

Routes of Administration
The following investigations have been conducted under this work unit:
STUDY NO. 1 Intra-ocular Iron Removal by Desferal

STUDY NO. 2 Comparison of BID IM Desferal, Single Injection
IM Desferal, and Retrobulbar Iesferal

Treatment of iron intra-ocular foreign bodies requires prevention
of siderosis and removal of the i:on. Desferal has been suggested
for both of these purposes.

Using a rabbit model, radioactive intra-ocular iron removal was
assessed by excreta collection and counting. Initial solid iron
foreign bodies showed less than one PPM removal and were below

the sensitivity of the method. Ionic ferrous and ferric iron showed
a 25 fold increase in uninary excretion under the influence of
Desferal. Retrobulbar injection was shown to be similar to single
dose IM administration, although slightly more effective. Maximum
removal rate was below 2 micrograms per day, indicating limited
usefulness of Desferal for iron removal. Therefore, IM adminis-
tration will be utilized in future work, and experiments in
protection of the eye from siderosis will replace iron removal
studies.
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WORK UNIT NO. 392 Deferoxamine-Efficacy by various
routes of administretion.

STUDY NO. 1 Intra-ocular iron removal by
Desferal

PROBLEM:

Iron intra-ocular foreign bodies are a tragic accompaniment of
warfare. Surgical removal is only partially effective and requires
major equipment and personnel considerations. Desferal has been
suggested as a removal method. A "Desferal test' has been described
showing a 0.5mg increase in urinaly iron in patients with iron
foreign bodics treated with Desferal. The origin of this iron is
uncertain, however.

RESULTS AND DISCUSSION OF RESULTS:

Radioactiva iron foreign bodies placed in the eyes of rabbits
showed no detectable radioactivity in the excreta, either with or
without Desferal treatment. The detection was good to one part per
million of the foreign body per day. Ionic iron did shcw a 25 fold
increase in urinary radioactivity in treated animals over controls,
but this total amount was less than 2 micrograms per day. Also,
fecal excretion was unaffected, and accounted for over 20% of the
total in the treated animals. Thus, a 1-3 mg foreign body would
take over three years to be excreted, even if it were totally
ionized.

CONCLUSIONS:

Desferal would be ineffective in removing significant amounts of
intraocular iron, especially in the metallic form.

RECOMMENDATTONS :

Desferal should not be considered as a removal mode for intra-
ocular iron. Its use as a preventive agent in siderosis should
he considered.

PUBLICATIONS:

None.
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Deferoxamine-Efficacy by Various Routes of Administration (Cont)

STUDY NO. 2 Comparison of BID IM Desferal,
Single Injection IM Desferal, and
Retrobulbar Desferal

PROBLEM:

Desferal has received use as an injection (BID IM), as a local
salve, and as a local injection (sub~conjunctivally or retrobulbar).
No one route has been shown more beneficial.

RESULTS AND DISCUSSION OF RESULTS:

BID IM injections, single dose IM injections, and retrobulbar routes
were compared in rabbits with intra-ocular ionic iron. Single dose
IM and retrobulbar routes both gave a transient effect, lasting no
more than 48 hours. Although a slightly higher peak excretion was
obtained with the retrobulbar route, BID IM injections can be
accomplished more readily and give a greater total response.

CONCLUSIONS:
The IM route 18 adequate, convenient, and reproducible. The
retrobulbar route is too hazardous to suggest its routine use,

despite a slight increase in effectivity.

RECOMMENDATIONS :

Due to its ease and reproducibility, the IM route should be utilized
as a standard when comparing other parameters. Since removal of
iron is minimal at best, the preventive aspect of Desferal on
siderosis should receive the major consideration.

This work unit should be expanded to look at the broader problem of
metallosis. A parallel study involving Penicillamine and its effect
on intra-ocular copper, another commonly used metal which causes
toxic effects by nature of its chemical reactivity, should be
undertaken.

PUBLICATIONS :

None.
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ABSTRACT
PROJECT NO. 3A161101A91C In-House Laboratory Independent
Research
WORK UNIT NO. 393 Lacrimal Gland Uptake and Discharge
of Gallium

The following investigations have been conducted under this work unit:

STUDY NO. 1 Differential lacrimal Gland Output Induccion
and Collectior.

A rabbit model for differential lacrimal output in the two eyes has
been established. Chemical irritation and collection o secretion
on modified filter paper strips allows analysis of lacrimal gland
function. Further developemtn awaits repair of the gamma camera.
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WORK UNIT NO. 393 Lacrimal Gland Uptake and Discharge
of Gallium
STUDY NO. 1 Differential Lacrimal Gland Output

Induction and Collection
PROBLEM:

Lacrimal gland secretion is normally symetrical in the two eyes.
this would require comparison of lacrimal gland function in two
separate animals to view gallium dynamics as a function of gland
secretion. In humans, unilateral ocular irritation may result in
unilateral increased lacrimal gland secretion. The production and
measurement of this phenomonon has not been recorded in -animals.

- e S —— e G— — — — — G———

Mechanical irritation of one eye of a rabbit produces only a very
slight and transient increase in tear production. Chemical irritants
produce a somewhat higher and more prolonged unilateral increase.
Tear collection with filter paper strips is both quantitative and
readily accomplished.

CONCLUSIONS:
Unequal lacrimal secretion from the two eyes of a single rabbit

may be produced and will allow assessment of gallium dynamics .as
a function of tear production in a single animal.

RECOMMENDATIONS :

With the gamma camera move completed, repair of the strip chart
recorder would allow pilot experiments to be completed. If the
computerized data system is also made operational, the original
protocol could be started.

PUBLICATIONS :

None.
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23. (U) Despite improvements in medical care and evacuation procedures, combat inju-
ries frequently lead to overwhelming cardiovascular collapse refractory to known thexr-
apy. This etfort is designed to investigate the phenomenon of red cell deformability
and to establish the role such deformability may play in modulating tissue perfusion
during shock. Agents modifying deformability will be studied to assess the potential
therapeutic value of such agents during experimental hemorrhagic shock.

24. (") Blood from experimental rats and human subjects is tested for deformability

by comparing the time required for a constant volume (at constant pressure and temper-
ature) to flow through polycarbonate filters of known porosity. With this technique
surveys are being conducted to determine base-line values in bluod from g:roups of rats
and human volunteers. Blood from LAMC patients has also been tested to assess possible
patho'ogic changes. In vitro and in vivo tests of the cffect of drugs on deformahility
have been carried out. Normal and spontaneously hypertensive rats have been tested for
changes in deformability during hemorrhage.

25. (U) Rat and human erythrocytes with a mean diameter of approximately 7 or 8
microns will rapidly pass through polycarbonate filters having porosities of 3 microns.
This unusual behavior is related to the plasticity of the normal erythrocyte and
little, if any, hemolysis occurs, bank blood (stored 3 weeks) appears unable to pass
through such small bore filters. Hypertensive rats display prolonged filtration times
compared to normotensive rats; in both groups deformability decreased in rnsponse to
hemorrhage. Further work is required to assess sources of variability in the deform-

ahility test.
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ABSTRACT

PROJECT NO. 3A161101A91C In-House Laboratory Independent
Research
WORK UNIT NO. 394 Metabolic and Microcirculatory

Factors in Hemorrhagic Shock
The following investigations have been conducted under this work unit:
STUDY NO. 1 Blood Deformability: its Measurement and Significance

This study was initiated only recently and preliminary efforts have
been devoted mainly to devising a suitable technique for observing

red cell deformability. Preliminary observations show that normal red
cells from both rats and humans can pass throvgh filters with porosities
3 microns in diameter. Three week old blood bank blood displays
altered deformability and is often unable to pass through such small
sized pores. Spontaneously hypertensive rats display decreased
deformability compared to normal rats. Further work is needed to
assess the physiologic significance of these changes.
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WORK UNIT NO. 394 Metabolic and Microcirculatory
Factors in Hemorrhagic Shock

STUDY NO. 1 Blood Deformability: its Measurement
and Significance

PROBLEM:

Cardiovastular collapse leading to irreversible shock remains a
prevalent hazard in the treatment of combat injuries and other trauma
despite many improvements in evacuation procedures, fluid and
electrolyte replacement, and surgical techniques. Of the numerous
ramifications of this condition, perhaps the most prominent feature
common to all forms of shock is the widely noted hypoperfusion of
tissues. If prolonged, such hypoperfusion inevitably results 1in a
pyramiding of, first, compromised and, secondly, permanently deranged
physiologic and biochemical functions. Consequently, measures aimed
at restoring perfusion, including fluid replacement, increased venous
return and cardiac output, as well as lowering peripheral resistance,
are widely used to treat this condition and maintenance of adequate
perfusion to tissues is a well-regarded factor in the management of
shock-prone medical emergencies. Present concepts of perfusion,
however, are neither well quantified nor understood in great detail,
and these deficiencies are handicaps in the treatment of shock., The
present effort is concerned with perfusion decrements during shock
and is specifically directed toward understanding the role that the
erythrocyte may play in altering perfusion. It is postulated that:
1) a metabolically determined deterioration of mechanical adaptiveness
(deformability) or perfusion effectivenesc; !} this deterioration
plays a part in events leading to irreversihle cshock; and 3) measures
designed to reverse or moderate this deterioration would favorably
influence recovery from and resistance to shock.

RESULTS AND DISCUSSION OF RESULTS:

This 1s a recently initiated study and efforts have been primarily
directed toward perfecting a suitable means to measure red cell
deformability. Polycarbonate filters (General Electric) of known
porosities have been used in the preliminary observations. With a
suitable pressure differential (about 15 mm Hg) fresh citrated blood
with buffy coat removed will flow at measurable rates through
filters having pores down to 3.0 microns in diameter. The order of
magnitude of the flow is about lec/min for filters of 13 mm diameter.
Larger porosity filters have been used to remove clots, this usually
leaving a "clean" blood that displays less variability in flow through
the small-pored filter than before such treatment.

With the above approach, it has been possible to gain some preliminary
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Metabolic and Microcirculatory Factors in Hemorrhagic Shock (Cont)

insight into sources of variability in this technique and recent

trials have yielded fairly uniform results. There are still sources

of variability not completely understood, however, and further wr-i

is needed to bring such variability under control. It is a rerarkable
fact that erythrocytes with a mean diameter of 7 or 8 microns can
rapidly pass through a 3 micron pore without hemolysis or permanent
change and, in view of similar dimensional relationchips in the
microcirculation, it is surprising that this plasticity has not
received wider attention. Under comparable conditions, it is found
that 3 week old bank blood is slowed compared to fresh blood and in
some cases is unable to pass through such filters, its deformability
apparently being greatly altered by the metabolic changes that occur
with storage. Preliminary observations of normal rats of approximately
200-300 grams compared to a special breed of spontaneously hypertensive
rats has shown a consistent difference in erythrocyte deformability

in the two groups, normal erythrocytes being more deformable than
those of the hypertensive rat.

Tests of red cell deformability ip human patients confined at LAMC
has shown great variability in deformability---much more than with
normal blood. However, the number of tests performed is too small
to allow conclusions at this time. Tbere is presently no valid way
of inferring the quantitative significance of the differences in
deformability that have been observed, much less the clinical
implicatione of such changes. This problem will be addressed in
future experiments.

CONCLUSIONS:

The method for measuring deformability appears capable of showing
differences in deformability but needs further work to ascertain

the quantitative and physiologic significance of these changes.
Preliminary results encourage the belief that changes in deformability
may play an important role in perfusion.

RECOMMENDATIONS:

None.

PUBLICATIONS:

None.
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ABSTRACT

PROJECT NO. 3A061102BT1P Basic Research in Support of
Military Medicine

TASK NO. 01 Biochemistry

WORK UNIT NO. 059 Basic Studies in Lipids

The following investigations have been conducted under this work
unit:

Because of the projected move of the Dept. of Medicine, Letterman
Army Institute of Research, Denver, Fitzsimons Army Medical Center,
Denver, Colorado (Formerly the Metabolic Division, U. S. Army
Medical Research and Nutrition Laboratory, Fitzsimons Army Medical
Center, Denver, Colorado) from Denver, Colorado to San Francisco,
California no new research was accomplished in this work unit.
However, a manuscript entitled "Suppression of activities of
carbohydrate-metabolizing enzymes in adipose tissue of obese humans
by clofibrate: by E. G. Lufkin, F. B, Stifel, H. L. Greene, R. H.
Herman and O. D. Taunton has been accepted for publication in the
Journal of Laboratory and Clinical Medicine.
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ABSTRACT
PROJECT NO. 3A061102B71P Basic Research in Support of
Military Medicine
TASK NO. 01 Biochemistry
WORK UNIT NO. 060 Basic Studies of Nutrition and

Metabolisn

This work unit has been inactive during the past year. With the
pending transfer of the laboratory to San Francisco, investigators
associated with these activities either accepted positions elsewhere
or retired. Upon the availability of qualified investigators, aspects
of this work unit will be considered for reactivation.
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4 BSTRACT
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PROJECT NO. 3A061102B71P Basic Research in Support of
Military Medicine
i TASK NO. 01 Biochemistry
WORK UNIT NO. 061 Mineral Metabolism - The Require-

ment of Trace Minerals in Man
Under Various Stresses

STUDY NO. 06 Selenium Metabolism

Experiment 8. Pathogenesis of
liver disease and anemia in
selenium toxicity.

STUDY NO. 07 The Effects of Selenium and
Mercury Upon Their Binding to
Plasma Proteins

STUDY NO. 08 The Effects of Dietary Methionine
Supplementetion Upon Serum
Selenoproteins and Whole-body
Retention of Radioactive Selenium

The following investigations have been conducted under this work
unit: ‘

Study No. 06. Diets containing 30 ppm selenium fed to rats for

6 days initiated liver damage and jaundice. The toxic effects

were only partially ameliorated by subsequent feeding of normal

or selenium deficient diets. Furthermore, serum bilirubin values,
serum glutamic oxalacetic transaminase activity and liver histology
indicated that the Se deficient diet was less effective than the
normal diet in ameliorating the toxic syndrome.

Study No. 07. A series of three experiments were conducted to
examine the effects of mercusg exposure on tissue and whole-body
retention and excretion of ¢ Hg in rats fed Sither selenium de-
ficient or adequate diets. Mercury levels (2 3HgCl) in all
measured organs tended to be increased by selenium in the diet.
Prior exposure to mercury (20 ppm; in drinking water generally
decreased the organ retention of °3Hg in rats fed both 0.5 ppm
selenium and seleniugogeficient diets. Prior exposure to mercury
caused an increased Hg output in urine. Based upon whole body

3Hg retention measurements, whole body loss of 20 He in the Hg
exposed rats was not entirely accounted for by urinary and fecal
losses, indicating an additional mode of Hg excretion.
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Mineral Metabolism - The Requirement of Trace Minerals in Man
Under Various Stresses (Cont)

Study No. 08. Fifty male weanling rats were assigned to each of
four groups: 1) Control - fed a vitamin E supplemented 25X torula
yeast basal selenium deficient diet; 2) selenium supplemented -
receiving the basal diet plus 0.2 ppm Se as sodium selenite;

3) methionine supplemented - consuming the basal diet plus 0.8%
methionine, and 4) methionine-selenium supplemented - fed the
basal plus the above levels of both supplements. After 4, 7, 10,
13 and 16 ’geks, two rats from each group were injected with

50 uci of /“Se. Twenty-four hours later, these animals were ex-
sanguinated and the plagsma used to determine protein Linding of
the selenium tracer. After the same feeding times, six rats were
injected with 1 uci of 75Se to measure urinary and fe:al excretion
of the tracer for 10 d’gs, vhole body retention for 35 days, and
organ distribution of ‘“Se at 35 days. The proteins and radioactive
tracer distribution in plasma were very similar in the four dietary
groups. Whole body retention was reduced to 15% of the injected
dose in the animals receiving selenium supplemented diets, and was
70X of the dose after 35 days in the selenium deficient rats.
Methionine did not affect excretion or whole body retention of the
tracer. The vlder animals that had been fed diets for a longer
period of time retained more 3se than the younger rats.
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WORK UNIT NO. 061 Mineral Metabolism
STUDY NO. 06 Liver Pathogenesis
PROBLEM:

Selenium toxicity causes irreversible liver damage, jaundice

and anemia. This study was designed to examine the time course
of the toxicity syndrome and the effects of different dietary
levels of selenium (Se) upon its' development, after the initial
induction of 6 days on a 30 ppm Se diet.

RESULTS AND DISCUSSION OF RESULTS:

The selenium induced liver damage was examined in a study of 131
male Holtzman rats. The control group of 30 rats were fed a 307
torula yeast diet supplemented with 0.5 ppm selenium (control
diet). Ninety rats received 30 ppm selenium in the yeast diet
(toxic diet) for 6 days. Two control and 3 toxic animals were
sacrificed daily for liver biopsy and examination during the
initial 6 days. The rats consuming toxic diets were then divided
into 3 groups: a) 19 rats continuing on the toxic diet; b) 31 rats
consuming control yeast diet (supplimented with 0.5 ppm Se). Two
control, 2 toxic, 3 toxic-deficient and 3 toxic-control rats were
killed every other day for liver examination until the study was
terminated on day 21. At time of necropsy, the rats were weighed,
anesthetized with ether, exsanguinated from the aortic bifurcation
and the liver removed and placed in formalin. Blood was pooled
for each group and the serum was collected for bilirubin and
glutamic oxalacetic transaminase (SGOT) activity determinations.

The control animals doubled their weights during the 25-day

period, while the animals fed the toxic diets lost over 30% of
their weight during the first week at the end of which the body
weight plateaued. Rats fed the selenium deficient or control

diet after 6 days of the toxic diet grew slowly with a 50% increase
in body waight.

SGOT activity remained at about 200 mili-units per mililiter

for 6 days in the toxic rats and throughout the study for the
controls. By day 8, the rats continuing on the toxic diet had

a 9-fold increase in enzyme activity, while the animals fed the
selenium deficient and control diets had 7- and 3-fold increases,
respectively. Enzyme activity in animals removed from the toxic
diets returned to control levels within 8 days, while animals
consuming toxic diets continued increasing thru 14 days and then
decreased to about 6 times normal.
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Serum Lilirubins of the control rats varied, while the rats con-
suming toxic diets had an increase on day 5. By day 8, rats con-
tinuing on the toxic diet and those switched to the control diet
had bilirubin levels between 3 and 4 mg/ml, while those switched
to the selenium deficient diet increased to 8 mg/ml. Further
increases were noted on day 10 for these 3 groups. Rats consuming
the toxic diet had a plateau in bilirubin levels, wvhile those
gwitched to non-toxic diets began decreasing.

The histopathological examination of the livers of the rats main-
tained on the toxic diet disclosed 100X with disseminated hepato-
cellular necrosis and 56% with mid-zonal toxic hepatosis. Rats
removed fror. the toxic diet to the deficient diet showed 857 with
disseminated individual hepatocellular necrosis and 447 with random
areas of hepatocel®’ular necrosis. Animals placed on the control
diet had 26% with disseminated individual hepatocellular necrosis
and 34% with random areas of hepatocellular necrosis. The livers
of the control group were normal.

STUDY NO. 07 The Effects of Selenium and Mercury
Upon Their Binding to Plasma
Proteins

PROBLEM:

Selenium and mercury have been shown to be antagonists in the devel-
opment of their respective toxicities. This study was designed to
investigate the interrelationships between Se and mercury on protein
binding, excretion and whole body retention.

RESULTS AND DISCUSSION OF RESULTS:

Forty-four male Holtzman weanling rats (80-100 gm) were placed on
either basal (0 ppm Se) or selenium (0.5 ppm Se) torula yeast diets
and housed individually in stainless steel hanging cages. Thirty
days later, half of each dietary group received 20 ppm HgCl; in

the drinking water for an additional 14 days. Six rats from each
treatment were injected subcutaneously with 1 uci 2oz"ﬂgCIZ in
saline for experiment A. Urine and feces collection with daily
whole body gamma counting was performed for 14 days. Tissue con-
centration of Hg was determined in experiment B. Five rats

from each 3f the 4 treatments were injected subcutaneously with
100 uci 20 HgCl; in saline. Rats were exsanguinated 14 days later
and tissues removed and counted. In experiment C, 8 rats ingesting
mercury (4 rats on basal and 4 rats on selenium diet) were injected
intraperitoneally with 60 uel of H2755e03 in saline and subcutan-
eousl7 with 10 uci of 2 3H3012 in saline. Urine and feces content
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of 758e and 203ﬂg were determined by dual channel ratio counting.
Hg ingestion in experiment A lowered whole body Hg retention to 10%
of the injected dose in basal rats and 36.5Z in selenium rats. Rats
on the other two treatments retained approximately 40 to 50% of the
dose. Basal rats ingesting Hg had large (20.2% of dose), rapidly
declining amounts of 203“5 excreted in the urine. Selenium ingest-
ing rats had increasing 2 3Hg excretion through day 9 (5.2% of dose
on day 8) and then excretion began declining slightly. Some Hg
excreted in the two Hg ingesting groups was not accounted for by
the urinary and fscal losses. Selenium treated rats in experiment
B had a greater 2 3}!3 content in the tissues than basal rats. Hg
ingestion tended to lower tissue retention of 2031g as compared
to rats not receiving Hg. In experiment C, basal rats excreted
20.2%2 of the injected 2 3Hg in the first collection of urine which
declined each collection while selenium rats excreted 2 Hg and
5ge at near constant rates (5.07% of dose) after a small decline
between days 3 and 7. Fecal concentration of 2°3Hg in both groups
were similar but /5Se concentration was greater in the selenium
group. Possibly, Hg ingestion stimulated existing or established
new elimination routes for Hg. Se-Hg binding may have caused
tissues to retain the Hg with resultant decreased excretion rates.

STUDY NU. 08 The effects of Dietary Methionine
Supplementation Upon Serum Seleno-
proteins and Whole-body Retention
of Radiocactive Selenium

PROBLEM:

An earlier study in this laboratory showed that increased dietary
methionine increased blood Se levels. This study was designed to
examine the effects of dietary methionine upon plasma protein binding
of selenium, organ distribution of 75ge an¢ whole body retention of
the tracer.

RESULTS AND DISCUSSION OF THE RESULTS:

One study was conducted on the effects of dietary methionine levels
upon whole body and tissue retention of selenium. Two hundred male
weanling rats were randomly assigned to four dietary groups: 1) Group
1, basal diet consisting of 25% torula yeast, 5% stripped lard, 66.27%
cerelose, plus minerals and vitamins (adequate in vitamin E); 2)
Group II, basal plus 0.2 ppm Se as sodium selenite; 3) Group III,
basal plus 0.8% methionine, and 4) Group IV, basal plus selenium

and methionine. After four weeks on these diets, 2 animals from

each group were in;ected intraperitoneally with 50 uci of high
gpecific activity 5ge and 6 animals fed each of the diets received
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1 vel 75Se intraperitoneally. The eight 0 vci rats were sacrificed
at 24 hours by exsanguinating via the abdominal aorta. Plasma
proteins were partitioned on a sephadex column and the column
eluates, collected in one milititer aliquots were counted for radio-
activity. Radioisotope retention of the 1 peil rats was counted
daily for 10 days, and then 3 times per week for an additional

25 days in a small animal whole body counter. Urine and feces were
collected separately for 10 days and the radinactivity was evaluated
to determine excretory routes. Thirty-five days after injection,
the rats vere sacrificed and various organs were excised, weighed
and the radioactivity counted.

Both methionine supplemented diets resulted in higher body weights
of the animals from 4 thru 16 weeks of feediug. By 6 weeks the
methionine-Se diets, increased growth by at least 7% over the other
diets for the remainder of the study. The basal diet with selenium
increased the body weights of rats by 102 or more at 13 and 16 weeks
when compared to basal diet fed rats.

Whole body selenium retention ghowed significant effects of diet
(dietary selenium supplementation reduced retention at 35 days
from 707 to 15% of the injected dose); of time (the older and
larger rats that had been fed the diets for longer times retained
about 5-107 more selenium than the younger animals); and a signifi-
cant diet time interactiun. During the 10 days post-injection of
radioactive selenium, most of the tracer excreticn was urinary
with less than 1.5% of the injected dose appearing in the feces.
Most of the tissue data has been prepared for statistical analyses.

CONCLUSIONS:

(All studies under this work unit.) Liver damage induced by selenium
toxic diets at 6 days was not reversible by feeding selenium de-
ficient or normal diets. Dietary selenium increased the initial
retention and organ contents of mercury but one week after injecting
mercury, selenium also increased mercury excretion. Dietary mercury
via the drinking water prior to injecting 203yg increased its ex-
cretion. Whole body retention of a single dose of 755e was: reduced
by selenium supplementation of the torula yeast diet; not affected
by dietary methionine levels; and increased as the animals become

older and larger.

RECOMMENDATIONS :

(All studies on this work unit.)

1. Institute new work unit on mineral metabolism to encompass
other minerals.
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2. Continue to study the losses of trace elements via sweat and
the impact of such losses on trace mineral requirements. Minimal
work was initisted in this area during the past year due to limited
manpover (loss of one principle investigator).

3. The interrelationships between selenium and mercury metabolism
should receive further investigation.
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ABSTRACT

PROJECT NO. 3A061102B71P ci~ Research in Support of
Military Medicine

TASK NO. 01 Biochemistry

WORK UNIT NO. 063 Haemopoietic Metabolism as Related

to Nutrition, Genetics and
Metabolic Disease

The following investigations have been conducted under this work
unit:

See Annual Research Progress Report USAMRNL, FY73. Because of the
projected move of the Dept. of Medicine, Letterman Army Instituce
of Research, Denver, Fitzsimons Army Medical Center, Denver,
Colorado (formerly Metabolic Division, U. S. Army Medical Resear:n
and Nutrition laboratory, Fitzsimons Ammy Medical Center, Denver,
Colorado) from Denver, Colorado to San Francisco, California it
was not possible to implement studies in FYTL,
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23, (U) To study adaptive changes in energy metabolism occurring in response to exer-
cise and to identify potential rate-limiting step. In energy generation during exercise.
To determine the interaction of environment and nutrii‘on of these adaptations. Obtain
basic irformation on aspects of biochemistry, physiology, and nutrition as related to
exercise that will ultimately allow the recormendation of zn improved program of physi-~
cal training and nutrition in order to improve the ability of the soldier to cope with
various environmental and military situations.
24, (U) Rats physically conditioned by a standardized 12-week program of treadmill
running were utilized to study the effect of physical training on: 1) the absorption
of nutrients rrom the gut, 2) mineral metabolism, 3) adipose tissue turnover rate and
4) cellular response to hypoxia.
25, (U) 73 07 - 74 06 Studies concerning the effect of exercise on muscle mineral me-
tabolism and absorption of nutrients from the jut have been -~ompleted and the results
are currently being analyzed. Twelve weeks of treadmill running increased the turnover
rate of rat adipose tissue from a tds of 27 days (untrained) to t)s of 16 days (trained).
Supplementing the diet of trained rats with carnitine did not significantly alter the
turnover rate of adipose tissue indicating that tissue carnitine levels do not limit
fat utilization by the exercising animal. Treating hypoxic or exhausted rats with
supplemental cortisol prior to altitude exposure or exhaustive exercise did not alter
nitochondrial oxidative processes thus providing no support for the hypothesis that
iupplemental cortisol can influence hypoxia-induced aerobic metabolic alterations.
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ABSTRACT

PROJECT NO. 3A061102B71R Research in Biomedical Sciences
TASK NO. 02 Internal Medicine
WORK UNIT NO. 058 Nutritional and Metabolic

Adaptations and Inte.relationships
The following investigations have been conducted under this work unit:
STUDY NO. 5 Biochemical Adaptation to Exercise
STUDY NO. 6 Dietary Control of Lipid Metabolism
STUDY NO. 8 Studies on Mineral Metabolism and Interactions
STUDY NO. 9 Effect of Stress on Nutrient Absorbtion and Metabolism

STUDY NO. 5: Rats were treated with the hormone cortisol prior to
exposure to two experimental conditions designed to result in muscle
hypoxia (altitude exposure and exhaustive exercise) in an attempt to
prevent a predicted decrease in oxidative capacity due to hypoxia. No
deleterious effects on muscle mitochondrial oxidative capability due to
hypoxia were noted, thus precluding any conclusions relating to the role
of cortisol in ameliorating such effects.

STUDY NO. 6: The technique of odd carbon medium chain fatty acid
labelling of adipose tissue was employed to estimate the effect of
exercise and dietary carnitine on adipose tissue turnover rate in the
rat. Twelve weeks of treadmill running approximately doubled the rate
at which fatty acids fluxed through adipose tissue. Supplementing the
diet of trained rats with 0.5% L-carnitine did not significantly in-
crease adipose tissue fatty acid turnover rate, indicating that carni-
tine does not limit fatty acid utilization by the exercising rat.

STUDY NO. 8: A study concerning the effect of exercise on mineral
metabolism and tissue distribution in the rat has been completed. The
data are currently being prepared for statistical analysis.

STUDY NO. 9: An investigation on the «'fect of physical training on
carbohydrate and lipid absorption has been completed. The data from the
initial experiment are currently in the final ¢tages of statistical
analysis.,
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WORK UNIT NO. 058 Nutritional and Metabolic

Adaptations and Interrelationships
STUDY NO. 5 Biochemical Adaptation to Exercise
PROBLEM:

Previous investigations conducted under this study have indicated that
exhaustive exercise and acute altitude exposure both exert similiar
deleterious effects on mitochondrial respiration, perhaps through the
common mechanism of hypoxia. Res nt reports in the literature suggest
that glucocorticoids play a cruci. . role in increasing the ability of
rats to survive in a low oxygen tension atmosphere, perhaps through a
facilitation of aerobic metabolism. To test this hypothesis, both corti-
sol injected and control rats were exposed to a simulated altitude of
25,000 ft (ASL) for 12 hours and sacrificed immediately upon return to
5,280 ft (Denver altitude). Skeletal muscle mitochondria were 1solated
and tested for their ability to oxidize pyruvate and palmitate.

RESULTS AND DISCUSSION OF THE RESULTS:

Neither altitude exposure .lor exhaustive exercise was effective in this
experiment in causing any significant decrease in pyruvate or palmitate
oxidation, ADP/0O ratio or respiratory quotient. Cortisol injections (5
mg/rat 6 days prior to sacrifice and 5 mg/rat 1 day prior to sacrifice)
did not significantly change any of the above measurements of aerobic
metabolism. Since hypoxia was apparently not accompanied by decreased
mitcchondrial function in this study, the question of whether cortisol
would be effective in preventing such a decrease remains a moot point.
The experiment should be repeated, but present facilities do not provide
an adequate hypo-baric chamber for conducting studies of this nature.

CONCLUSIONS:

No conclusions can be drawn relating to the efficacy of cortisol in
preventing hypoxia-induced depression of mitochondrial function. The
dose level and duration of the cortisol treatment used in this study did
not appear to influence muscle pyruvate oxidation, fatty acid oxidation,
ADP/O ratios, respiratory control, or blood lactate concentrations under
conditions of unaltered mitochondrial function. Recommend repeating the
study 1if access can be attained to an adequate environmental chamber.

PUBLICATIONS :

None
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Nutritional and Metabolic Adaptations and Interrelationships (cont)

STUDY NO. 6 Dietary Control of Lipid Metabolism

PROBLEM:

Glycogen and fat are both important energy sources durlng exerclise,
however glycogen stores are rapidly depleted whereas an abundance of fat
is still available at the point of exhaustion. If a greater portiou of
the energy expended during exercise could be derived from fat, crucial
glycogen stores could be prolonged, perhaps forestalling exhaustion.
Carnitine is a transporting agent for long chain fatty acids across the
mitochondrial membrane to the enzymes of fatty acid oxidation. If
tissue carnitine levels limit fatty acid oxidation during exercise
supplying supplemental dietaiy carnitine would be a convenient method of
increasing fat utilization during exercise.

RESULTS AND DISCUSSION OF THE RESULTS:

Rats were trained by 12 weeks of treadmill running and fed either a
control or a 0.5% L-carnitine supplemented diet. Untrained rats served
as a sedentary control group. The turnover rate (tl/z) of adipose
tissue was found to be 26.7 days for the sedentary controls, 15.8 days
for the trained controls and 14.0 days for the trained group fed carni-
tine.

CONCLUSIONS:

The results of this study confirm previous reports indicating that the
smaller adipose cells of trained rats are metabolically more active than
those of untrained rats. Feeding 0.5% dietary carnitine did not signi-
ficantly increase utilization of adipose tissue fatty acids indicating
that tissue levels of carnitine are adequate and probably do not limit
fatty acid oxidation in the rat. Further studies are planned to in-
vestigate carnitine deficient diets in relation tb'fatty acid oxidation.

PUBLICATIONS:

1. Vacca, J. B., P. P. Waring, M. Nugent, R. M. Nims, and E. W. Askew.
Disappearance of tri-, di-, and monoglycerides from the circulation of
dogs. USAMRNL Report No. 340, Sept. 1973.

2. Askew, E. W., A. L. Hecker, W. R. Wise, Jr., and G. L. Kuhl. Adi-
pose tissue metabolism and turnover rate: Response to exercise and
dietary carnitine, Fed. Proc. 33: 677, 1974 (Abstract)

3. Askew, E. W., G. L. Dohm, W. H. Doub, Jr., R. L. Huston, and P. A.

Van Natta. Lipogenesis and glyceride synthesis in the rat: Response to
diet and exercise. Submitted to J. Nutrition, 1974.
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Nutritional and Metabolic Adaptations and Interrelationships (cont)

4. Askew, E. W., H. Barakat, G, L. Kuhl, and G. L. Dohm. Response of
lipogenesis and fatty acid synthetase to physical training and exhaus-
tive exercise in rats. Submitted to publication review committee, 1974.

STUDY NO. 8 Studies on Mineral Metabolism and
Interactions
PROBLEM :

Information on the role of minerals in exercise is rather limited when
compared to the wealth of material available on fuel sources such as
carbohydrates, fats and proteins, Although the literature is somewhat
inconsistent in its description of the effect of exercise on mineral
metabolism, it offers evidence that minerals play a more important role
than is generally recognized. Several elements (Ca, P, K, Na, Fe, Cl,
Mg, Mn, Zn, Cu and Cr) have been shown to alter muscle metabolism by
their involvement in certain key enzyme reactions. It may be possible
that the onset of fatigue and exhaustion may not be entirely controlled
by energy-producing nutrients, but may also experience some control via
insidious mineral deficiencies or excesses in body tissues. Information
of this type will be utilized to design further studies to determine if
alterations in tissue minerals has any influence on the dietary require-
ment for these elements.

RESULTS AND DISCUSSION OF THE RESULTS:

A study of the effect of exercise on mineral metabolism and tissue
distribution in the rat has been completed. The basic protocol called
for an assessment of the Ca, P, K, Na, Mg and Zn content of red and
white muscle fibers of trained and untrained animals. The individual
mineral assays have been completed and the data are currently being
prepared for statistical analysis.

CONCLUSIONS:
None

PUBLICATIONS:

None

STUDY NO. 9 Effect of Stress on Nutrient Absorp-
tion and Metabolism

PROBLEM:

The effect of exercise upon the absorptive functions of the small and
large intestine is essentially unknown. It has been shown that severe
exercise causes a reduction in the abosrptive capacity of the gastro-
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Nutritional and Metabolic Adaptations and Interrelationships (cont)

intestinal tract (GIT), especially in reference to carbohydrates. From
the limited literature available, it appears that the effect of exercise
on absorption depends not only on the severity of the exercise, but also
on the extent of prior physical training. The mechanism involved is not
understood, but can tentatively be assumed to include such factors as
blood supply to the GIT, alterations in delivery of food from the
stomach to the intestine, rate of peripheral utilization of substances
and increased nutrient uptake by intestinal cells. These factors may
have an indirect regulatory effect on the ultimate performance of an
individual by controlling the supply of energy. The possibility exists
that dietary requirements for certain nutrients may be altered.

RESULTS AND DISCUSSION OF RESULTS:

A study concerning the effect of physical training on carbohydrate and
1ipid absorption has been completed. Individual intestinal cells,
obtained via an everted vibration technique, were employed to monitor
overall glucose uptake while homogenates of these cells were used to
measure the activity of pyruvate kinase, lactase, maltase, sucrase, and
monoglyceride acyltransferase enzyme systems. For purposes of data
expression total cell number, viability, total protein, intestinal
length and weight were determined. Conclusions and final results are
pending complete statistical analysis.

CONCLUSIONS:
None

PUBLICATIONS:

None
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e.g. carbohydrate and lipid as energy sources, and vitamins. In order to design
musculotropic agents one must study the metabolic processes of muscle and the mechanism
of muscle contraction and relaxation.

24, (U) Muscle tissue will be obtained from animals and patients with a variety of
muscle diseases. Metmyoglobin reductase will be assayed.in the muscle tissue and
compared with values obtained from muscle of patients undergoing surgery. The various
components of this enzyme system will be examined and compared.

25. (U) 73-0T - T4-06 A specific metmyoglobin reductase (analagous to the methemoglobin
reductase of red blood cells) has been discovered in cardiac muscle. Analytical
techniques have been established which enable us to characterize this enzyme in various
tissues and species. Myoglobin is an important constituent of cardiac and red muscle and
exceptionally prone to oxidation to the metmyoglobin form. In the oxidized form it is
incapable of binding oxygen. Function of muscle may be limited by the capacity of the
metmyoglobin reductase system which reduces metmyglobin to its oxygen binding state. It
is postulated that certain muscular disorders may be related to deficiencies in the
wetmyoglobin reductase system. Preliminary evidence has suggested that the metmyoglobin
reductase system is quite complex and is composed of a number of different components.

(U) Muscle;
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ABSTRACT

PROJECT NO. 3A061102BT1R Research in Bio-Medical Sciences
TASK NO. 02 Internal Medicine
WORK UNIT NO. 062 Muscle Metabolism as Related to

Exercise, Serum Electrolytes,
Diet and Steroids in Normal Man
and Disease

The followving investigations have been conducted under this work
unit:

STUDY §O. 1. otudies Concerning the Mechanism which
Control the Redox State of Myoglobin.

Studies have been carried out vhich for the first time clearly
demonstrate the presence of metmyoglobin (MetMb) reducing activity
in the soluble supernatant fraction of beef heart homogenate. Some
of the optimum conditions for enzyme assay, and certain character-
istics of the assay system have been evaluated. The two critical
aspects of the assay sys'em are proper preparation of myoglobin
substrate, and ferrocyaride ion activation.



BODY O¥ REPORT

WORK UKIT NO. 062 Muscle Metabolism as Related to
Exercise, Serum Electrolytes, Diet
and Steroids in Normal Man and
Disease

STUDY NO. 1. Studies Concerning the Mechanism
vhich Control the Redox State of

Myoglobin.
PROBLEM:

Hemoglobin (Hb) and myoglobin (Mb) share a number of properties
which include reversible oxygenstion to form HbOp or MbOy; or
jrreversible oxidstion to methemoglobin (MetHb) or metmyoglobin
(MetMb) respectively. Whether these heme proteins undergo oxygens-
tion or oxidation depends on & number of factors which are complex
and incompletely understood. Under physiologicel conditions in
vivo, only 2 to 3% of hemoglobin in red blood cells is in the met-
form. Several efficient enzymatic systems have been described
vhich continually reduce MetHb thereby preventing its accumulation
to any appreciable extent. The enzymes responsible for this re-
duction utilize NADH or NADPH, and in some cases require an electron
carrier such as methylene blue for in vitro study. By far the most
active system which requires ferrocyanide ion rctivation has been
described by Hegesh and Avron.

Much less attention has been given to the possible existence of
gimilar systems vhich reduce MetMb. MetMb norually is not thought
to be present in muscle in any appreciable quantity despite the
greater susceptibility of Mb to oxidation than Hb. It is reasonable
to assune that muscle must contain a highly active mechanism for
MetMb reduction, otherwise the continued formation of MetMb would

go unopposed. The presence of diaphorases in muscle is wvell known.
However, the existence of a specific MetMb reductase, analogous to
MetHb reductase activity in red blood cells has not been convincingly
demonstrated heretofore.

Enzymatic reduction of MetMb by NAPH and NADPH dependent mechanisms
has been shown by Rossi-Fanelli et al, however, a specific MetMb
reductase activity wvas not found. Presimably enzymatic reducing
activity has also been demonstrated in both intact and ground meat ,
but without clarification of the mechanism. MPurthermore, Brown and
Synder have shown efficient non-enzymatic MetMb reduction under
suitable circumstances in vitro.

Despite the failure of past investigators to convincingly demon-

strate specific enzymatic MetMb reduction, it is logical to conclude
that if MetHb reductase exists in red blood cells, an analogous
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Muscle Metabolism as Related to Exercise, Serum Electrolytes, Diet
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enzyme for MetMb reduction should exist in muscle. In tuis study
ve attempted to determine whether metmyoglobin reductase activity
could be detected, and if so, to es ablish the optimm conditions
for its assay and some of its properties.

RESULTS AND DISCUSSION OF THE RESULTS:

Using MetHb as a substrate in the ferrocyanide-activated assay
system described by Hegesh and Avron (J. Lab. Clin. Med. T72: 339,
1968) high levels of reducing activity were found in the superna-
tant solution from heart muscle homogenate. Subsequently, initial
attempts to demonstrate simjlar activity against MetMb substrate
were hampered by low activity levels and marked turbidity. A
number of methods of myoglobin preparation were attempted, until
it vas found that the method of Van den Oord et al. (Eur. J.
Biochem. 10: 10, 1969) yielded chrumatographically and electro-
phoretically pure myoglobin substrate. Using this myoglobin
substrate the assay gave reproducibly high levels of activity
without turbidity. Substrate preparation thus proved to be one of
the key factors in elucidating the presence of enzymatic MetMd
reductase activity.

Once substrate myoglobin had been puiified, the enzymatic nature
of the system and some of its characteristics were examined. The
effect of enzyme concentration was determined, no activity being
detected with enzyme boiled or omitted; and increased activity in
proportion to the amount of enzyme added. The effect of varying
substrate concentrations was determined, and all subsequent studies
utilized non-limiting amounts of substrate. The enzymatic reaction
occurred only in the presence of NADH, other pyridine nucleotides
being without effect. Hegesh and Avron showed that the MetHb
reductase assay required ferrocyanide ion activation and ferro-
cyanide ion was found to similarly activate the MetMB reductase
system. The pH optimum of the reaction was determined, and the
course of these studies, the effects of buffer type and ionmie
strength were evaluated. Under certain conditions spontaneous,
rapid reoxidation of the myoglobin was encountered, providing an
interesting phenomenon worthy of further investigation. At this
point the studies were interrupted for the movement of the
laboratory to the Presidio of San Francisco.

CONCLUSIQNS:
These studies have conclusively demonstrated for the first time
the presence of a specific, NADH-dependent, met yoglobin reductase

in the soluble supermatate fraction of homogen. :ed beef heart. The
enzymatic nature of the reaction has been clearly shown, and some
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Muscle Metabolism as Related to Exercise, Serum Electrolytes, Diet
and Steroids in Normal Man and Disease (Cont)

of the conditions required for optimum activity rates have been
ascertained. The two key factors in demonstrating enzyme activity
are substrate preparation and ferrocyanide ion activation.

RECOMMENDATIONS :

These studies represent a continuation of previous investigations
of muscle function, the biochemistry of myoglobin, and of the
Primary and secondary myoglobinurias. Since xyoglobin provides
the only oxygen reservoir in muscle, defective oxygen uptake and
diminished availability would result if MetMb v re present in
increased amounts. The unavailadbility of sufficient oxygeam could
lead to both functional and structural defects. Furthermore, there
are analogous defects vhich wvhen present in the red cell lead to
biochemical abnormalities and presumably may do so in muscle.

These studies are potentially of great importance and should be
continued.

PUBLICATIONS: Kone.
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23, (U) Attainment and maintenance of physical fitness is of prime import to the
Armed Forces and requires a constant search for new methods for improving and evaluat-
ing physical performance. Performance reflects nutriture, body hydration and traininp
and may be affected by age, state of health, dietary constituents, vitamins, hormones,
therapeutic agents, and varied environmental stresses all of which should be reflected
in body composition changes and related physiological parameters.

24. (U) Treadmill work and physical activity will be studied with respect to the
following physiological functions: respiratory, cardiovascular, hormonal, temperature
regulation and body composition changes. The effects of environment (heat and cold)
and dietary components (fat, protein and CRO will be evaluated singly or combined).
25. (U) 73 07-74 06 Anthropometric measurements were made on 223 males and 36 fe-
males. Data for males indicated that waist and buttocks circumferences, and body
weight were highly correlated with fat estimates by densitometry (r=0.70 to 0.85). The
female data showed skinfolds to be highly correlated with body fat (r=0.66 to 0.87).
In this study, 3 techniques (densitometry, potassium  and D,0 dilution) involving in-
dependent body compartments were utilized to estimate bedy fat, protein and water. All
estimates of body fat were significantly different. Choice of technique depends upon
cost and mobility. Two groups of men consumed 2 protein levels (1.4 and 2.8g/kg body
wt) for 40 days. Daily urinary nitrogen excretions remained essentially unchanged for
the lower protein proup during training. Nitrogen balances were positive for both
groups. Blood Hb, Het and serum proteins were unchanged during the entire period.
Although both groups increased muscle mass, work performance was not enhanced by high
protein diet. In this study, 100g of protein/day was adequate for men performing
fairly heavy work.
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ABSTRACT

PROJECT NO. 3A061102B71R Regearch in Biomedical Sciences
TASK NO, 02 Internal Medicine
WORK UNIT NO. 065 The Effects of Nutrition and

Environmental Stress Upon Work
Capacity and Nutritional Status

The following investigations have been conducted under this work
unit:

STUDY NO. 1 Body Composition Studies

a. A comparison of methods for estimating human
body composition.

b. The relationship of anthropometric measure-
ments to body fat.

c. To determine the efficacy of dieldren as a
method of determining total body fat.

STUDY NO., 2 Vork Performance

a. The effects of ingesting electrolyte and
sugar upon physical training and performance
in young adults under conditions of profuse
sweating.

b. The effects of two levels of dietary protein
on physical conditioning.

STUDY NO. 4 Effects of Time of Sampliné Upon Extracellular
Water Volumes Determined With Thiocyanate

Study No. 1-a. Three methods were utilazed to estimate body

fat in humans, densitometry, potassium“ counting and deuterium
oxide dilution. Although each method was significantly different
irom the other, any method would provide estimates of body fat in
a population. The cholce of procedure would be decided on the
basis of cost, convenience and cooperation of the subjects but none
possess the desired accuracy.

Study No. 1-b. A variety of anthropometric measurements were made
on 2°3 male and 36 female military personnel. Total body fat was
estimated by density, 40g counting and D50 dilution. Simple corre-
lations with body fat estimutes indicate that for the male popula-
tion, waist, weight and buttocks circumference were most highly
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correlated with fat estimates (r=.70 to .85). In the female popu-
lation skinfold thickness was most highly correlated with body

fat (r=.66 to .87). Stepwise multiple regression analysis showed
that five of the variables could account for 60-707 of the variation
in fat in males and up to 90% in females. Correlations of measure-
ments were higher with fat estimated by density than w'th estimates
derived from 40-potassium counting or D,0 dilution.

Study No. 1l-c. An animal investigation using tracer wevels of lbc
dieldrin as an organic diluent to estimate body fat has been
completed. The data are currently being prepared for statistical
analysis.

Study No. 2-a. The effects of oral electrolyte, sugar and vitamin
E supplements on work performance were evaluated in 6 highly
trained, heat acclimatized subjects in a 35°C environment. The
supplements were ingested during the 4-hour exercise period and
each supplement was tested for 5 consecutive days.

The standard diet fed the subjects fuifilled the daily NRC allow-
ances of kcalories, protein, vitamins and minerals. Work perform-
ance of subjects was measured daily at two levels of submaximal
work after 3 and 1/2 hours of exercise. Maximal treadmill testing
was performed weekly. Physiological body functions were monitored
during ingestion of the supplement and compared to those obtained
using water as the control. Electrolyte and glucose supplementation
had no demonstrable beneficial effects upon the work performance
parameters measured. Oxygen consumption, heart and ventilation
rates wvere essentially unchanged as a result of supplementation.
Time of maximal performance and body temperatures were also unaffected.
Vitamin E did not alter any of the same measured physiological
functions. Results again indicate that heat acclimated men working
in hot environments need only replace water to maintain optimum
performance.

Study No. 2-b. Three levels of physiologic work performance were
evaluated in eight subjects (two groups of 4) who consumed either
197.3 or 100.7 gm of protein/day for a 45-day peracd. All subjects
undervent maximal, submaximal and stamina work periormance tests
while participating in a heavy physical training regimen. A number
of biochemical and physiologic body functions were monitored during
exercise throughout the study. Pulmonary ventilation and oxygen uptakes
were not significantly different from pre-treatment values in eithex
protein intake group during the entire study. The higher protein
intake did not produce a significant inc-ease in performance or
physical fitness during maximsl or stamina exercise.
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Study No. 4. The influence of sampling time on thiocyanate space
estimation of extracellular fluid volume was studied. Large vari-
ations in values calculated from sample-to-sample (taken 30-300 min.
post infusion) suggested that 3 to 5 timed samples should be drawn
for calculation of this vulume. Pven with these conditions, half

of the values deviated by 10-16% for two determinations, on the same
man, made one week apart. These large variations would suggest that
any interpretations of changes in this space must be made very

cautiously.
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WORK UNIT NO. 065 The Fffects of Nutrition and En-—
virommental Stress Upon Work
Capacity and Nutritional Stress

STUDY NO. l-a. A Comparison of Methods for Esti-
mating Human Body Composition

PROBLEM:

There are a variety of m~thods for estimating the body composition
of humans, however they irvolve uncertainties since only indirect
analytical methods may be utilized. This means that the results of
any method of study can only be compared with those of another or
with tables of body composition for particular populations. A com-
parison of three independent techniques to estimate body fat and
water was made in a total population of 223 male soldiers and 36
WAC's. Body density (D) and fat was estimated from body volume by
water displacement, whole body burden of potassium (40x) was measured
by a sodium iodide crystal shadow shield counter, and total body
water vas obtained by analysis from the dilution of orally ingested
deuterium oxide (D70) in body fluids.

RESULTS AND DISCUSSION OF RESULTS:

The average fat content of the 223 male subjects determined by the
three techniques showed all estimates of body fat, D (17.8 kg),

(21.6 kg), D20 (15.6 kg) to differ significantly from each other.
Densitometric estimates of body fat were virtually similar for the
males as well as the females, however on a percent body weight basis,
the female population differed. Correlation between group estimates
of body fat ranged between 0.47 to 0.72.

CONCLUS1ONS:

Three procedures were compared for estimating bogs fat in humans.
Estimates of body fat by densitometry, potassium counting and by
deuterium oxide dilution differed significantly. The choice of
techniques to be utilized are dependent on cost and mobility.

STUDY NO. 1-b, The Relationship of Anthropometric
Meas:rements to Body Fat

PROBLEM:
The principle objective was to identify anthropometric measurements

that could be used routinely to estimate body fat by personnel con-
ducting field nutrition studies.
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| RESULTS AND DISCUSSION OF RESULTS:

A variety of anthropometric measurements were made on 223 male and
36 female military personnel for whom total body fat was estimated
by density, 40k counting and D50 dilution. The male population
data indicate that weight, and the circumferences of waist and
buttocks were most highly correlated with fat estimate (r= .70 to
.85). In the female population skinfold thickness was most highly
cn related with weight of body fat (r= .66 to .87).

Stepwise multiple regression analysis showed that five of the vari-
ables could account for 60-707 of the variation in fat in males,
and 90% in females. Correlations of measurements were hipgher with
fat as estimated by density than with estimates derived from
40-potassium counting or Dp0 dilution.

CONCLUSIONS:

It can be concluded from the differences in simple and multiple
correlation coefficients that certain mecasurements are superior

to others.

STUDY NO. 1l-c. To Determine the Efficacy of Dieldrin
as a Method of Determining Total Body
Fat

PROBLFM:

The efficlency of military units depends to a degree upon the nutri-
tional status of the soldier and is related to the body composition
of individual soldiers. If accurate methods to estimate body fat
and lean body mass were available the relationship between worl

; performance and body composition could be better defined. At the
present time, no such methods exist. Since the principle variant
in body composition is fat, the ability to measure it accurately
and simply would be a great asset in the study of body composition.
0f the nuny methods employed in attempts to determine total body
fat perhaps one of the most promising is that of tracer dilution.
As it is currently used, this technique fails to provide the
necessary accuracy and/or repeatability for widespread application.
However, the precision of this approach might be improved simply
by using a different type of tracer. Several reports in the
literature indicate that the chlorinated hydrocarbons and their
analogs possess the necessary characteristics to make them compatible
with a technique of this type. These are: 1) fat scluble: 2) evenly
distributed in body fat; 3) rapidly equilibrated throughout the
body fat depots, and 4) slowly metanolized. The objective of this
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experiment was to investigate the efiicacy of dieldrin as a model
of possible organic diluents that could be used for determining
total body fat.

RESULTS AND DISCUSSION OF RESULTS:

Tracer levels of 1"C dieldrin were administered either intravenously
or intraperitoneally to rats and sheep. The animals were sacrificed
and the tissue distribution on the label was datermined. The data
are currertly being prepared for statistical analysis.

ADDITIONAL COMMENT:

At a recent child health symposium, a review was presented and 1is
now being published by NIHCD on the "performance of the Adolescent."
In surmary, the data suggests that prior to puberty both boys and
girls showed no significant differences in performance. During the
adolescent years the boys become more efficient and this is probably
due to the increased muscle mass of boys and the increase in body
fat in the girls. During the adolescent period, the maximal oxygen
vptakes in 1/min are increased with age for both girls and boys,
however wher related to ml/kg/min, maximal oxygen uptakes are
essentially unchanged for boys after age 9, After age 9, girls

show a continued decrease during the adolescent years.

CONCLUSIONS:

Complete data analysis.

STUDY NO. 2-a. The Effects of Ingesting Electro-
lyte and Sugar Upon Physical Train-
ing and Performance in Young Adults
Under Cunditions of Profuse Sweating

PROBLEM:

In recent years the soft drink industry has introduced a group of
non-carbonated beverages designed for consumption in hot environments.
These supplements are intended to replace body fluids and electrolytes
lost through excessive perspiration during heavy physical activity.
These products are basically composed of minerals and sugars in
various concentrations and some contain vitamin C. Claims by manu-
facturers and athletes have been subjective and have nct been sub-
stantiated under carefully controlled scientific conditions. Any
supplement which may increase endurance and retard fatigue would be
of great benefit to the soldier required to perform heavy work

and merits investigationr.
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The primary objective was to evaluate oral electrolyte and sugar
supplements for maintenance of work performance and water and
mineral balances under conditions of profuse sweating and to
compare their effects with water ingestion alone.

RESULTS AND DISCUSSION OF RESULTS:

Six healthy male subjects, between 21 and 25 years of age, were
physically condiiioned and heat acclimated for 10 days prior to
the beginning of the study. Work assignments and energy expendi-
tures were kept coustant throughout the study and included sub-
maxinmal, maximal and stamina tests of physical performance.

The supplements were ingested during the daily 4-hour work period

in a 35°C environment and compared to water ingestion alone. Vitamin
F, electrolyte and sugar supplements did not produce sipnificant
changes in heart rate, respiration rate, or oxygen uptake in
liter/min or ml/kg/min (Tables 1 & 2). Electrolyte supplements

did not significantly improve maximal performance walking times.

In addition, there were no demonstrable beneficial effects upon

the recovery parameters of physical fitness index or sum of recovery

heart rates.

An adequate water and electrolyte supply are important to the
maintenance of optimal physical performance and it is essential
that fluid replacement rate be at the same level as water losses
for maintenance of fluid balances. Ad 1lib water intakes resulted
in slightly negative water balances during the work periods.

This could be due in part to thirst not being a good indicator

of fluld requirements.

CONCLUSIONS:

In a hot euvironment neither the commercial "anti fatigue drirks"

nor mineral supplementation produced improvements in performance.
Other experiments have also shown no immediate deleterious effects

of mineral depletion under severe conditions in hot climates when
heat acclimated subjects are provided adequate quantities of minerals
in their normal diet.

RECOMMENDATIONS:

The commercial energy liquid supplements are not needed for main-
taining electrolyte balances during periods of heavy physical
activity. Normal dietary replacement of the electrolyte is suffi~
cient. Howaver, fluid replacement during periods of heavy physical
activity and heat stress is essential and water should be consumed
at a rate required for maintaining fluid balances.
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Table 1. Mean heart rates/min at 3 levels of work.

o R S

i Treatment Sub Max  Sub Max Max Work
& No.t 4% Grade 107 Crade Variable Grade
% Mean* Mean* Mean*#
i
1 - Water 111.5 139.8 186.1
2 - Corm #1 114.3 136.7 174.2
3 - NaCl + sugar 110.3 141.0 183.1
4 - NaCl 109.6 136.6 189.3
5 - NaCl, K-gluconate 112.3 142.0 186.1
6 - High K-gluconate 113.3 143.2 186.1
7 - Comm #2 113.9 141.1 187.6
8 - Water 114.4 143.3 180.3
9 - Low K-gluconate 115.7 146.0 187.3
10 - Comn #3 110.7 139.3 191.9
11 - K-gluconate + sugar 112.6 138.3 182.1
12 - Water + Vit F 114.3 143.9 184 .4

* Mean of & repetitions from 6 subjects.
*% Mean values obtained once per week from 6 subjects.
+ Six treatments used per week.
Commercial #1 (Gatorade), #2 (Sportade), and #3 (Olympade)

Table 2. Mean oxygen uptakes, ml/kg/min at 3 levels of work.

Treatment Sub Max Sub Max Max Work
No. 47 Grade 10% Grade Variable Grade

Mean¥* Mean* Mean**

1 17.97 25.59 40.04

2 17.89 26.20 41.65

3 17.66 25.84 43.76

4 17.80 25.75 44,99

5 17.96 26.44 4).46

6 18.12 26.00 44,70

7 17.40 25.13 45,59

8 18.66 26.05 41.27

9 18.35 26.69 42,24
10 17.58 25.59 45,01
11 18.26 26.12 42,71
12 18.00 25.85 45.39

* Values of 4 repetitions from 6 subjects.
%% Mean values obtained once per week from 6 subjects.
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STUDY NO. 2-b. The Effects of Two Levels of
Dietary Protein on Physical
Conditioning

PROBLEM:

Increasing physical activity, whether in military basic training,
sports training or exercising to improve physical fitness, results
in increased muscle protein in the body and an increase in normal
blosynthesis of proteins from dietary protein. Increased dietary
intskss of protein during sports training has been advocated, al-
though only a limited number of reports of controlled, scientifically
designed studies on the effect of protein levels during training or
heavv physical activity hsve appeared in the literature. Some in-~
vestigators have recommended that protein allowances be increased
from 0.9 to 2.5 gm/kg body weight during strenuous physical condi-
tioning since this would prevent protein catabolism at the expense
of hemoglobin and serum proteins.

The physical performance of the individual soldier is of primary
concern to the military. A considerable part of the basic training
program is devoted to increasing physical fitness. An increase in
either the rate of physical fitness attainment of the individual
would be most beneficial to the military. Since protein is an
expensive calorie source, it would not be economical to increase
the protein intake if it did not have any beneficial effects.

The objective of the study was to gather more information on this
subject because of the disagreement as to whether or not protein
requirements are increased under these conditions.

RESULTS AND DISCUSSION OF RESULTS:

Two groups of young adults consumed either 100.7 (I) or 197.3 (II)
grams of protein/day during 10 days of intensive physical training
and 30 additional days of continued heavy physical activity. Con-
trary to reports of other studies, the weekly hemoglobin, hematocrit
and serum protein levels were essentially unchanged during the entire
study for Group I. Daily urinary nitrogen excretions also remained
fairly constant for Group I and both nitrogen and potassium balances
were positive, inclusive or exclusive of the daily sweat losses.

Three levels of physiologic work performance were evaluated on the
eight subjects (maximal, submaximal and stamina work performance
tests). Pulmonary ventilation and oxygen uptakes in ml/kg/min were
not significantly different from pre-treatment values in either
protein intake group during the entire study.
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CONCLUSIONS:

Although the men did increase body protein stores and muscle mass
(positive nitrogen balances) with the high protein diets in this

etudy, the additional body protein did not enhance physiological

work performance. In this study, 100 g of protein/day was found

to be adequate for men performing fairly heavy work.

RECOMMENDATIONS :

Studies should be continued to evaluate the NRC daily protein
allowances (0.8 g/kg body wt) during strenuous physical condition-
ing.

STUDY NO. 4. Effects of Time of Sampling Upon
Extracellular Water Volumes Deter-
mined With Thiocyanate

PROBLEM:

Body compositional changes that occur during periods of stress
(environmental, heavy physical activity, etc.) continue to be of
major interest in the evaluation of the physiological status of
troops. The importance of obtaining accurate determinations are
apparent since any errors in methodology will reflect changes in
body compartments. Thiocyanate is one technique tlat has been used
extensively to estimate extracellular fluid (ECF) volume. The pur-
pose of this study was to determine the optimal times for blood
sampling following a test dose of thiocyanate.

RESULTS AND DISCUSSION OF RESULTS:

The determination of the thiocyanate space from samples drawn be-
tween 30 and 300 minutes post infusion indicated that blood samples
could be obtained at anytime during this interval. However, the
variability in the results would strongly suggest that between 3
and 5 samples should be drawn for each determina:ion of thiocyanate
space. In applying these methods and obtaining means from 2 to 7
values for each determination, volures obtained one week apart on
the same man differed from each other by as much as 15.47 or almost
% 1iters. The large variability suggests that any results using
thiocyanate space as an estimate of the extracellular fluid space
must be interpreted cautiously.

CONCLUSIONS :

The data suggests that either the extracellular space is quite
variable or the precision of the method of measurement is poor.
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Interpretation of extracellular space data from the thiocyanate
procedure must be treated cautiously.

RECOMMENDATIONS:

This is a poor technique and alternate procedures should be
investigated.

1.
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ABSTRACT
PROJECT NO. 3A161102B71R Research in Biomedical Sciences
TASK NO. 02 Internal Medicine
] WORK UNIT NO. 166 Design of Military Biomedical Research

Information Systems
The following investigations have been ccnducted under this work unit:

STUDY NO. 1 Data Processing Sunport to Biomedical Research
(Gerieral Support)

STUDY NO. 2 Direct Computer Support to LAIR Departments

File management systems are being adapted and/or developed for the stan-
dardization of loading, editing and reformating biomedical research

data files. The file management systems are being designed to utilize
mass storage devices which were not formally available on the Institute's
previous computer. Included in this report as a second study 1is a

resume of the substantive ADP support provided the various depart-

} ments.
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WORK UNIT NO. 166 Design of Military Biomedical
Research Information Systems

STUDY NO. 1 Data Processing Support to
Biomedical Research (General
Support)

PROBLEM:

To maintain an ongoing ADP support facility for LAIR by making
available the necessary computer hardware systems and supply
general usage programs (software) to permit data file manage-
ment 2nd analysis.

RESULTS AND DISCUSSION OF THE RESULTS:

a. Computer conversion. A major computer change has required
a massive effort to convert existing programs and data files to
run on the new computer configuration. During FY 74 this has been
particularly true because of the release of the outmoded USAMRNL
RCA 301 computer and the relocation to LAIR where the batch oriented
computer support would be supplied via a remote job entry terminal
interfaced to the Lawrence Berkeley Laboratory (LBL) CDC 6600/7600
computer complex. The conversion is now technically completed in
that all previously existing data fil-s can now be loaded and analyzed.
The new facility offers so many more options that the problem of
optimization of operations will continue for a number of years.

b. File management systems. The most profound impact on
the ADP of research data resulting from operations on the late
generation LBL equipment is the ability to store and retrieve data
from large extended core memories and randomly accessible storage
mediums (i.e., disc and data cells). Now it is no longer required
to sequentially process an entire data file to locate and/or modify
selected elements of information. Theoretically now it is possible
to manipulate any information fragment of a data file in what would
appear to a human almost “"Y{nstantaneous.'" To the computer, though,
there is considerable overhead to perform such a task. Simply stated,
sequential files are desired when entire files are processed, and
totally "inverted'" random access files are desired when single im-
bedded data elements are to be processed. In general no file fits
an extreme. As a result one must compromise by designing a file
management system that is not so highly inverted on a random access
medium so that during processing groups of data are manipulated.
Prototypes of new file definitions have been developed here and are
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being used to isolate problems inherent in further development of
optimal file management at LAIR. Through its computer service con-
tract with LBL, LAIR has available to it two file manapement systems.
One is Remote File Management System (RFMS) which supports a highly
inverted-tree structured data base. RFMS is desinned to load complex
data files for subsequent selective data retrievals and to format

the selected output for printing and/or input requirements to analysis
routines. The other file management system, Statistical Package for
the Social Sciences (SPSS), is specifically designed to support data
to be analyzed by its own statistical analysis routines and is restricted
to fixed length records.

CONCLUSIONS :

The programming staff i+ studying various algorithms of storing

and retrieving data that would be suitable for the rather extensive
library file of data at LAIR. It appears that two standards are in
order. New and live files can be more sequential in character because
large amounts of new data are commonly being added or updated.

Whereas old, archived files are best in an inverted structure.

RECOMMENDATIONS :

Studies be continued to decide on an optimal file format mix so that

all file management and analysis routines can be standardized. Extreme
care should be rendered in standardization procedures which do not
unduly restrict operations to particular machine hardware configurations.
While immediate requirements must be met in timely responsiveness

and are subject to close cost scrutiny, the long range costs of
inevitable future in-hous: machine conversions are equally as signi-
ficant. Indeed software which is capable of being exportable to

other government agencies would be a manpower and fund savings.
Therefore it is recommended that general support programs be generalized
and nonmachine specific. The Department of Information Sciences

should take every possible avenue to share, give and take, with other
government facilities.

STUDY NO. 2 Direct Computer Support to LAIR
Departments
PROBLEM:

Included in the mission of the Department of Information Sciences 1is
the requirement to provide all departments of LAIR with substantive
support in ADP. As such, this is an ongoing study area and varies in
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the degree and depth of support from department to department according
to their current needs and gtaff capabilities. Support is given in
systems analysis, methods of experiment design, data acquisition,
program coding and execution to analyze experimental results.

RESULTS AND DISCUSSION OF THE RESULTS:

~owput.r -upport to the departments during FY 74 was principally

in converting existing code and data bases to be compatible on the

LBL computer complex. Additional support to the various elements

of LAIR is described below. Support given to nutritional studies

is a collaborative effort in which the Dept. of Information Sciences

is one of the participating departments. As such, the support provided
{s described under Work Unit 086, Nutrition Studies in Support of

DOD Food Program.

a. Program and Budget Office. The Decentralized Accounting
System (DAO), finance and accounting system for LAIR, was implemented
on the LBL CDC 7600 machine beginning 1 July 1973. These programs,
written in COBOL, initiate, load, update, and process the daily F&A
transactions.

Work has begun on a collection of programs which will distribute the
Carrier Account (overhead) costs to the various dircct, or productive,
work units (FICs). Reports will be generated and transaction output
fi{les to be used as input to the DAO processing programs.

b. Department of Nutrition.

(1) Food Hygiene Division. Computer programs have bcen
expanded to enhance the presentation of the analysis of food micro-
biology data. A large backlog of accumulated data is being key punched
and processed.

(2) Bioenergetics Division. Specifications are being pre-
pared for the procurement of a field portable mini-computer to automate
ergometric experiment control functions and data acquisition. Addi-
tionally, an cxperiment is being designed to study rat feeding data by
Newman-Keuls multiple comparison analysis techniques.

c. Department of Medicine. Statistical analyses were serformed
for the following studies: (1) aplastic anemia followirg viral
hepatitis, (2) a preliminary study of the effects of in vitro incubation
of cholera toxin on rabbit intestinal glycolytic and FDPasc activities,

102



Design of ifilitary Biomedical Research Information Systems (Cunt)

(3) effects of diet and triiodothyronine on jejunal enzyme adaption
in four normal subjects, and (4) effect of intravenous ethanol on

hepatic enzymatic activities.

d. DNepartment of Dermatology. The Dernmatology OQutpatient Data
System, which was previously processed under an ADP service contract,
is being implemented on the LBL machines. This involves tianscribing
o]/ data to be compatible with new programs. Once operational, clinic
data will be processed on a month by month basis to produce the required

report. tables.

e. Department of Comparative Medicine. Programs were written
+, facilitate the analysis of data from acute mountain sickness data.
The analyses produced statistics on (1) the effects of altitude on
body composition in mice, (2) nutxient intake and excretion patterns
in humans exposed to high altitudes and, (3) acid-base regulation
in humans during chronic altitude exposure.

f. Department of Logistics. Programs are supported and regular
data file maintenaiice runs are made for the automated Property Book.
Periodically selective retrievals are required resulting in the
creation of special nonstandard programs.

g. Extramural Support:

(1) Statistical analyses were performed for T'r. selson,
Fitzsimons Army Medical Center, on data from a study of the effects
of ephedrine and epinephrine on glucose, free fatty acids, and
eosinophil levels.

(2) Statistical assistance is being provided to tiae USA
Medical Laboratory, Ft. Baker, in the analysis of certain viral
infections in pregnant women and of the effects of these infections

on the offspring.

CONCLUSIONS :

with the availability of computer services from Lawrence Berkeley
Laboratory many data analysis routines are now readily accessible

to LAIR researchers. In addition to standard program packages, special
purpose programs are being developed to process data gathered from
on-going research projects. As the number of rersonnel and projects

at LAIR increases, so does the requirement increase to process
different kinds of data. A significant proportion of the resources

of the Department of Information Sciences is dedicated to supporting
the ADP requirements cf the various departments of LAIR.
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RECOMMENDATIONS:

Direct ADP support to the Institute m'st be continued in order to
consolidate and coordinate the needed talent and facilities required
to meet the sophisticatad data processing demands of the modern
researcher.

1'
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Powler, J. L., R. E. Thomas, J. J. Jorgensen and D. Stutzman.
Microflsra of prepared salads and specialty items procured for
use by DOD installations. USAMRNL Report 338, September 1973.

Powler, J. L., P. R. Ruckh, T. G. Murnane and W. F. Ganz. Report
of analyses of 1972 microbiological data collection program.
USAMRNL Report 339, September 1973.

Teplick, R. S. Problems with a compartment model for accessing
human vitamin A kinetics. Proc. 19th Conf. on the Design of
Experiments in Army R&D, 1973. (In press)

Lufkin, E. G., F. B. Stifel, R. S. Teplick and R. H. Herman.
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e () Fever; (U) temperature regulation; (U) adrenergic
\@sms; (U) adrenergic blocking agents; (U) hormones; (U) circadian rhythm

FLEMU) "Hhe “sofater fs 'su e ed to strens particulerly trdombat - 5ome  individuals

§ develop tachycardia, palpitations, dyspnea, chest pain, malaise, weakness, anxiety,

Y irritability and inability to work. This condition (hyperdynamic beta-adrenergic cir-

{ culatory stete (HBACS) appears to be related to abnormal function of beta-adrenergic

§ receptors. Heat stress causes ineffectiveness, disability or death during military

{ training, combat operations or febrile illness. Prevention of the HBACS or heatstroke

| would minimize the incidence of prolonged disability and death. Changes in day-night

f work sequences disrupts physiologically important circadian rhythms. Inability to adapt
| to acute changes in day~night shift work may be related to the disrupted circadian

‘| rhythms. Environmental stress (e.g., heat, time-phase changes) may be mediated in part
1through increased sensitivity to catecholamine excretion.

2. (U) Selected patients with thermoregulatory defects will be investigated with regard
to the generation of heat during exercise and certain therapeutic agents will be tested
for their ability to corcrol heat production. The pyrogenic steroid, etiocholanolone,
will be studied with regard to its action on muscle membranes. Patients with abnormal
beta-adrenergic function will be studied with provocative agents and edrenergic blocking
substances. Changes of circadian rhythm will be studied and correlations with degree

of adaptibility will he measured.

25, (U) 73--07 - Th-06 Several patients with HBACS have been studied and propranclol has
been found useful in controlling symptoms. A few patients whose symptoms mimic those of]
the HBATS appear to respond to propranolol but have symptoms which cannot be provoked by

isuprel, epinephrine or the monoamine oxidase inhivitor, parnate. A preliminary study
has been completed where abrupt changes in day-night work were instituted and correla-

tions measured between various parameters of circadian rhythm and adaptibility to the
amf;, changes. ,,,El;g}&ﬁ' ppry data has been obtained but analysis is not complete.
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ABSTRACT
PROJECT NO. 3A061102BT1R Research in Biomedical Science
TASK NO. 02 Internal Medicine
WORK UNIT NO. 167 Biochemical Factors Influencing

Physiological Functioning

The following investigations have been conducted under this work
wit:

STUDY No. 6. Study of normal subjects on day-night shift
rotation to evaluate the adaptative rate of
selected cyclic physiological variables.

The study was conducted to determine: (1) the effects of day-night
shift rotation on normal subjects and; (2) the feasibility of
intensive measurements of a number of rhysiologicel parameters on
the metabolic ward. The design utilized three consecutive five
to six day periods; Period I - control work schedule; Period II -
experimental work schedule; and Period III - post control work
schedule. The work scheAule during periods I and III were
jdentical with regard to clocktime, while period II reversed the
contral sleep - work - leisure cycle. Performance measurements,
symptomatic inventories and a number of cyclic physiological
variables wvere obtained during each period. Variables were
gselected because they were known to be cyclic and were readily
evailable. Control measurements, which were stationary in time
vill be compared to post contrcl measurements which were non-
stationary in time resulting from the phase shift during Period
II. In addition, the measurements were correlated with the

rate at vhich the variables became stationary in time duriug
period III.

Measurements for all variables were teken at four hour intervals.
An indvelling heparinized venous flush system was utilized fcr
collection of the serum specimens. Performance measurements wvere
obtained 3 times daily until baseline values were established
following vhich daily measurements at midpoint of work period were
obtained. A symptomatic inventory check sheet was prepared at
the beginning and end of each work period. During all study
periods a Read Universal Exposure meter reading and room tempera-
ture vere recorded every four hours.

Preliminary observations demonstrated variable chauges in each
subject. The available data chows dis»uption in the occurrence
of the maximm and minimum values of bod,/ temperature, serum
osmolality, urine osmolality and body weight. These changes are
in the process of being analyzed statistically by appropriate

106



N RN AR AR Lo % o .
ik R e S e s e p Rl

BB,

e e AT
b

Biochemical Factors Influencing Physiological Functioning (Cont)
methods. Since laboratory and statistical analysis of the

remainder of the data is not yet campleteed, the significance of
the changes remains uncertain.
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WORK UNIT NO. 167 Biochemical Fact.rs Influencing
rhysiological Functioning

STUDY NO. 6. Study of normal subjects on
day-night shift rotation to
evaluate the adaptive rate of
selected cyclic physiological
variables.

PROBLEM:

There is evidence that there is a significant correlation between
the efficiency of working and disruptions of specific cyclic
physiological variables including urinary sodium, potassium and
body temperature. However, it is not clear why some individuals
develop subjective symptoms and show decreased work performance
while others do not; and, why some individuals adapt with ease
and others adapt with much difficulty, to disruption of specific
cyclic physiological variables uy day-night shift-rotation.

In order to determine the physiological effects of day-night
shift-rotation volunteer subjects were stabilized on a day shift
30 days before the onset of the present study. During the study
three periods of time were utilized: Period I - Study days 1-5
consisting of work (0800-1600), leisure (1600-2400), sleep (2L0O-
0800); Period II - Study days 6-10 consisting of leisure (0800-
1600), sleep (1600-2400), work (2400-0800); Period III - Study
days 11-16 consisting of work (0800-1600), leisure (1600-2400),
sleep (2400-0800). During each period physical activities and
diet were specified. All subjects were maintained on a constant
xanthine-free isocaloric diet which contained 15% protein, 45%
carbohydrate, 40%Z fat and a constant mineral and vitamin supple-
ment. Meal hours were consistent with the work-shift during ail
study periods and allowed for 4 equal feedings for each study day.
A 24 hour oral intake of 2000 ml of fluids was equally distributed
throughout the day. The following variables were considered:
body weight; sali/ary pH; body temperature; heart rate; serum
cortisol, inorgan.c phosphorus, calcium, osmolality and growth
hormone; and urinary excretion of sodium, potassium, inorganic
phosphorus, calcium, creatinine, 17-hydroxycorticosteroids, 17-
ketosteroids and osmolality. Performance measurements were
obtained by a research psychologist and included the Crawford
fmall Parts Dexterity Test and the Digit-Symbol substitution test.
During the baseline period prior to the onset of the study twelve
sessions were conducted to establish a level of practice. Per-
formance test and symptomatic inventories were administered in
the same order and under constant and controlled conditioas.
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Measurements for all variables were taken at four hour intervals.
An indwelling heparinized venous flush system was utilized for
collection of the serum specimens. Performance measurements were
obtained 3 times daily until baseline values were established
following which daily measurements at midpoint of work period
were obtained. A symptomatic inventory check sheet was prepared
at the beginning and end of each work period. During all study
periods a Read Universal Exposure meter reading anu room tempera-
ture were recorded every four hours.

RESULTS AND DISCUSSION OF THE RESULTS:

Seven normal subjects participated in the study. Despite the
numerous inherent problems, under controlled conditions and with
highly motivated personnel it is possible to execute a study of
this complexity.

The first problem encountered concerned the use of an indwelling
heparinized flush system. During the study, systems were changed
approximately every Lkth day. No inflammatory reactions occurred
and few or no ecchymoses were encountered at the venipuncture
sites. It wes concluded that the indwelling flush systems were
practical and free of deleterious effects. Indeed, some of the
systems were effective and functional for longer than L days.

Although there was sufficient data in the scientific literature

Lo serve as a precedent for the selection of the variables studied,
there were no reported studies with the complexity of this study
with regard to the oumber of variables. It was found that large
volumes of data could be collected from a number of subjects in a
relatively short period of time with the proper organizational
system and high degree of motivation of the subjects. Differences
between individual subjects did occur but whether or not these
changes were statistically significant awaits further data
analysis.

It was found that because of the time required for the collection
and processing of samples the subjects did not receive precisely
four hour sleep and leisure periods as set forth in the protocol.

It wvas concluded that the administration of performance tests
required more coordination and control than was originally

anticipated.

It was suggested that an appropriate dress should be designed for
female subjects in order to reduce time spent in dressing,
eliminate clothing over the indwelling flush system and for the
esthetic appearance of the subject.
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This pilot study demonstrated that it is necessary to use semi-
micro-techniques for the analysis of blood serum parameters since
anemia developed in the subjects because of the volume of blood
drawn despite the use of adequate iron supplements.

It was found that the total invalvement of the nursing staff
resulted in the accurate and complete collection of multiple
measurements on a recurring basis over a long period of time.

Preliminary observations demonstrated changes only in some
subjects. The available data shows disruption in the occurrence
of the maximum and minimum velues of body temperature, serum
osmolality, urine osmolality and body weight. These changes are
in the process of being analyzed statistically by appropriate
methods. Laboratory and statisticel analysis of the remainder of
the data is not completed.

CONCLUSIONS:
This has been a necessary pilot study from the standpoint of the
mechanics of performance as well as from the results that may

accrue from =nalysis of the data.

RECOMMENDATIONS :

It is recommended that a smaller number of subjects be studied in
the future. If the results support given hypotheses then
additional subjects should be studied over a longer period of time
with the extended study time being in the third period, so that
adjustment rates can be better analyzed.

PUBLICATIONS: None.
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ABSTRACT
PROJECT NO. 3A061102B71R Research in Biomedical Sciences
] TASK NO. 02 Internal Medicine
* WORK UNIT NO. 168 The Efyects of Diet Upon Respira-

é tory Matabolism

The following investigations have been conducted under this work
unit:

STUDY NO. 1 The Effects of & Glucose Meal

STUDY NO. 2 The Effects of a High Fat Meal
These two studies are being reported in detail under Work Unit 070.

Study No. 1 and No. 2. The data indicates that a glucose meal
is beneficial during acute altitude exposure. was improved
following glucose ingestion, while a high fat meal appeared to
decrease diffusing capacity.
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ABSTRACT
& PROJECT NO. 3A061102B71R Research in Biomedical Science
% TASK NO. Internal Medicine
: WORK UNIT NO. 169 Comparative Pathology of Animals

! Maintained and Utilized in
Biomedical Research

STUDY NO. 2 Avian histologic atlas

STUDY NO. 3 Substrate specificity and selective inhibition of
alkaline phosphatase and adensine triphosphatase.

The ..jective of this work unit is to maintain an animal colony stocked
with healthy animals of diverse species. Under this work unit, this
Division supports all projects involving the use of research animals.

Study No. 2: The object of this study was to produce a brief yet com-
prehensive atlas of avian histology which would be extremely valuable
to this and other laboratories utilizing avian species in biomedical
research.

Study No. 3: Previous work demonstrated that histochemical reaction
products from the activity of alkaline phosphatase and ATP-ase can
mask each other in tissue sections. Addition of specific inhibitors
selectively eliminates formation of reaction products and should per-
mit specific identification of enzyme present in the tissue.
Inhibitors proved to be speciiic for animal species and tissue.
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WORK UNIT 169 Comparative Pathology of Animals
Maintained and Utilized in Biomedical
Research

STUDY NO. 2 Avian Histologic Atlas

PROBLEM:

Avian pathology is currently basically oriented towards the gross
examination of necropsy specimens. With the increasing use of avian
species as biomedical models of disease, certain problems have arisen
due to the difficulty of identifying normal avian tissue at the histo-
logic level. Therefore this study proposed to develop a basic reference
atlas.

RESULTS AND DISCUSSION:

During the previous FY all animals had been sacrificed, tissues
harvested, and histologic sections prepared. Within the first three
months of FY 74, two adequate textbooks of avian histology were
published by others, precluding the necessity for comp.etion of

this study. Coupled with this, departure of the senior investigator
and pressing involvement of the alternate investigator in more
timely and critical research effectively curtailed photomicrography.

CONCLIISIONS: NONE

RECOMMENDATIONS :

All histologic preparations be examined, replaced as necessary for
technical quality, compiled as reference or study sets, and the
study be terminated.

PUBLICATIONS: NONE

STUDY NO. 3 Substrate Specificity and Selective
Inhibition of Alkaline Phosphatase
and Adenosine Triphosphatase

——————

Because of the widespread dependence of metabolism on phosphorylated
compounds, the accuracy and specificity of the enzyme techniques in
histochemistry which relate to alkaline phosphatase and ATP-ase
activities are potentially of great significance. Since alkaline
phosphatase and ATP-ase can reduce the same substrates, the reaction
product cannot be said to be activity of either enzyme specifically
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unless one is selectively inhibited. The action of each imhibitor
is both species and tissue dependent. This study was designed to
test the action of several inhibitors on enzyme activity in several
animal species aund tissues.

RESULTS AND DISCUSSION OF THE RESULTS:

During the previous fiscal year, the tissues were harvested, frozen and
sectioned on a cryostat microtome. When inhibitors were introduced 1:fo
incubating solutions, it was found that those which inhibited alkaline
phosphatase activity in rat kidney had no effect on this enzyme in dog
kidney. The same was true when comparing an inhibitor of intestinal
ATP-ase and kidney ATP-ase. Due to departure of the senior investigator
no further progress was made during FY 74,

CONCLUSIONS: NONE

PRECOMMENDATIONS: Termination of study.

PUBLICATIONS: NONE

UNNUMBERED STUDIES

Included among the responsibilities of this work unit are maintenance
of an animal colony and histopathologic support, as requested, for
studies conducted by all otner divisions. This work unit therefore
actively supports, directly or indirectly, all projects involving

the use of experimental animals. During FY 74 nine such projects gen-
erated by other divisions or organizations were supported.

During FY 74 approximately 4900 animals, purchased from commercial
sources or bred within the colony, were maintained for research. These
included 2600 rats, 1800 mice, 290 guinea pigs, 55 dogs, 30 cats and 119
rabbits. Cases accessioned numbered 650; these produced 3200 paraffin
blocks, 7100 H&E stained microslides, 1100 specially stained slides, and
800 histochemical preparations. These figures are substantially lower
than those for FY 73, reflecting the progressive decline in laboratory
activity prior to consolidation of laboratories at LAIR-PSF. Interesting
or representative material encountered during routine laboratory function
was extracted for use in continuing education of the division's profes-

sional staff.
PUBLICATIONS :

Ford, G.H., k.R. Brown, R.N. Empson Jr., and C.G. Plopper. Equine
and Feline Malignant Giant Cell Tumor of Soft Parts. American
Journal of Pathology, 74:27a-28a, 1974.
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Bucei, T.J.: A Morphological Study of Normal and Abnormal Glomeruli
in Mice. Ph.D. Thesis, University of Colorado Medical Center, Denver

Colorado, 1974.
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ABSTRACT
PROJECT NO. 3A161102B71R Research in Biomedical Sciences
TASK NO. 04 Dentistry
WORK UNIT NO. 135 Oral Disease in Military Populations

No specific single investigation has been carried out under this
work unit since its inception in July 1966 as one of two '"umbrella"
type protocols under which all departmental research studies were
conducted.

Each subproject allocated under thj- protocol bears its own specific
work unit number and title, as fcilows:

a) Work Unit No. 144 - Prevention of Post-Extraction Alveolitis
b) Work Unit No. 147 - Bone Repair

¢) Work Unit No. 148 - Complications Following Intravenous
Sedation in Military Dental Procedures

Details pertaining to each of these investigations can be found in
the project report associated with the specific work unit number.
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WORK UNIT NO. 135 Oral Disease in Military Populations
PROBLEM:
In July 1966, this umbrella-type protocol was established with the
purpose of reducing morbidity and non-effectiveness of affected Army
personnel by establishing methods, practical under military con-
ditions, for achieving more efficient treatment, diagnosis and

prevention of oral diseases prevalent in the military.

RESULTS AND DISCUSSION OF THE RESULTS:

By means of specific subprojects allocated under the category,
"Oral Disease in Military Populations,” but nevertheless bearing
their own individual work unit numbers, various human c’inical
investigations and laboratory studies have been carried out.

During the present fiscal year, research has been conducted in
three subprojects conducted under this protoccl:

a) Work Unit No. 144 - Prevention of Post-Extraction Alveolotis
b) Work Unit No. 147 - Bone Repair

¢) Work Unit No. 148 - Complications Following Intravenous
Sedation in Military Dental Procedures

Details relating to each of these investigations can be found in the
project report associated with the specific work unit number.

CONCLUSIONS: None

RECOMMENDATIONS:

This protocol is terminated because of the closure of this department.

PUBLICATIONS: None.
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ABSTRACT

PROJECT NO. 3A161102B71R

TASK NO. 04

WORK UNIT NO. 144

The principal investigator has
conducted under this work unit have been completed. All details

were reported in full in the

ment.

However, final preparat

Research in Biomedical Sciences

Dentistry

Prevention of Post-Extraction Alveolitis

departed this facility and studies

Y 1973 Progress Report of this depart-

ion of data prior to publication was

carried out by the associate investigator subsequent to the departure
of the principal investigator.
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WORK UNIT NO. l44 Prevention of Post-Extraction Alveolitis

PROBLEM:

Available statistics indicate that at least 2 percent of all tooth
extractions are followed by local inflammation of the involved
tooth socket (alveolitis or 'dry socket'), although the precise
incidence has not been established in the U. S. Army. Ninety per-
cent of alveolitis cases which do occur follow the removal of a
mandibular third molar. The purpose of this study was to develop
a simple, effective method for preventing this complication which
would also be practical for use in military dentistry.

RESULTS AND DISCUSSION OF THE RESULTS:

Incidence of alveolar osteitis in 2195 third moiar extractions was
9.1 percent. Fewer cases of alveolitis occurred in extractions
preceded by use of an oral lavage than in those not preceded by
lavage. This difference in incidence was statistically significant
(P less than 0.025). All details of this study were reported in’
the FY 1973 Progress Report of this facility. Subsequent to the
departure of the principal investigator, final preparation of the
Aata was carried out by the associate investigator.

CONCLUSIONS:

Preoperative lavage with a topical oral antiseptic can result in a
significant reduction in the incidence of alveolar osteitis following
extraction of lower third molar teeth.

RECOMMENDATIONS:

This study has been completed and the findings have been promulgated
to the dental profession by means of publication in a national journal.

PUBLICATIONS:

Lilley, G. E., D. B. Osbon, E. M. Rael, H. S. Samuels and J. C.
Jones. Alveolar osteitis associated with mandibular third molar
extractions. J.A.D.A. 88: 802-806, 1974.
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ABSTRACT
PROJECT NO. 3A161102B71R Research in Biomedical Sciences
TASK NO. 04 Dentistry
WORK UNIT NO. 147 Bone Repair

Considerable controversy exists as to the effect of radiation
sterilization on the acceptability of allogeneic bone for use in
bone grafting procedures. This study was undertsken to determine
the influence of such radiation on the healing of bone grafts
sterilized in this manner.

Since traditional criteria for assaying bone repair are either
indirect or subjective, biomechanical strength of union (Instrom
Test Apparatus) was used to evaluate the healing process. Five
osseous defects, 6 mm in diameter, were prepared bilaterally in
tibias of 12 dogs and filled with cylinders of autologous bone,
allogeneic bone, irradiated allogeneic bone, surface-decalcified
allogeneic bone (SDAB) and irradiated SDAB. Sacrifice was at 4,
8 and 16 weeks.

Irradiated samples were sterilized at the Armed Forces Radiobiology
Research Institute under the same conditions as those used by the
Tissue Bank, Naval Medical Research Institute. Non-irradiated
samples were sterilized by a modified ethylene oxide method developed
at this facility.

Biomechanical strength data were obtained by shearing the graft
cylinders from their respective sites. Data plots were subjected
to an analysis of variance and found to be statistically significant

(P less than .01).

By the eight week, both irradiated and non-irradiated allogeneic
grafts had strength significantly greater than the respective SDAB
grafts. Eighty percent of the combined nov-irradiated grafts at
all sacrifice dates showed strengths in excess of their irradiated
counterparts, averaging as high as 40 percent greater. The data
suggest that radiation sterilization causes changes in allogeneic
bone which may adversely affect bone graft union.
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WORK UNIT NO. 147 Bone Repailr
PROBLEM:

The most commonly used method of sterilizing allogeneic bone for bone
grafting is by irradiation. However, there is considerable contro-
versy as to the effect of this irradiation on the healing of the
graft. While several investigators have maintained that irradiation
disrupts osteogenic induction, others have maintained that effects
are minimal or nonexistent. Thie study was undertaken to ascertain
whether irradiation used for sterilization influences the strength

of bone graft union to host bone.

RESULTS AND DISCUSSION OF THE RESULTS:

Five round osseous defects, 6 mm in diameter, were created bilaterally
in the medial diaphysis of the tibia in dogs by means of a Smedberg
bone drill. These recipient sites were then filled with uniform
graft cylinders as follows:

1. Surface decalcified allogeneic bone (SDAB).
2. Irradiation sterilized SDAB.

3. Autologous bone obtained from the radius of the recipient
animal.

4., Allogeneic undecalcified bone.
5. Irradiation sterilized allogeneic bone.

The center of each plug was marked for orientation by a 0.031 inch
amalgam retention pin. The non-irradiated allogeneic and SDAB grafts
were sterilized by alcohol and ethylene oxide.

The bone used for comparing the union strength of irradiated and non-
irradiated grafts was obtained from a single donor animal. Cutting
and shaping of the bone grafts was accomplished in the laboratory
under aseptic conditions and the bone grafts were divided into two
groups: non-irradiated and irradiated. The non-irradiated bone
grafts were further subdivided into allogeneic and SDAB groups. The
allogeneic grafts recelved four 30 min. saline washes, were bathed

in 95% ethanol for 2 hours at 5°C and were dried for 2 hours with
sterile air prior to gas sterilization. The alcohol dessication
step was instituted to enhance gaseous penetrability of ethylene
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oxide. The SDAB grafts were similarly sterilized after their normal
processing of defatting, decalcification, and washing. Both the
allogenei: and SDAB groups were lyophilized for storage.

The irradiated bone grafts were subjected to 2.5 million rads via linear
acceleration at the Armed Forces Radiobiology Research Institute. These
are the same facilities and conditions under which bone is sterilized
for the Tissue Bank of the Naval Research Institute. The grafts were
divided into allogeneic and SDAB groups and processed as usual before
lyophilization.

The bone grafts were surgically placed, as described above, in the
tibias of a total of 12 dogs. FPour dogs were sacrificed at each of
three sacrifice intervals at 4, 8, and 16 weeks. At sacrifice, the
tibias were surgically removed, th. soft tissues excised, and were
mounted for physical strength testing on an Instron Unive-sal Testing
Apparatus. Strength of bone graft union was determined by measuring
the force required to shear the healing interface between th_ graft
and surrounding host bone.

The shearing strength data, recorded in kg/cmz, were p.otted against
time to obtain time-strength comparisons at each interval (see Figure).
As had been found in previous studies v3ing this model, autologous
grafts generally had higher values throughout the period studied than
did allogeneic and SDAB grafts. However, the union strength of
allogeneic grafts was second in magnitude to that of autologous

grafts at each interval and was significantly greater than that of
SDAB grafts at both the fourth and eighth weeks.

Examination of the relationship of the non-irradiated allogemeic
grafts and the irradiated allogenic grafts indicated that the union
strength of the non-irradicsced grafts was consistently higher than
that of their irradiated counterparts. The data plots were subjected
to a two-way analysis of variance with replication and were found to
be different at a significance level of 0.05. Likewise, a comparison
of non-irradiated SCAB grafts to irradiated SDAB grafts also indicated
a difference of union strengths at the same level of significance.

The biomechanical strength data were found to correlate well with
clinical and histologic observations. For instance, the low strength
of irradiated SDAB graft union at four weeks was mirrored in its
clinical appearance. Veids were rnoted around the periphery of the
grafts and several were found to exhibit mobility within the graft
sites. Although there was also a ring of decalcification around the
non-irradiated SDAB grafts at four weeks, they did not exhibit the
voids observed around the irradiated grafts.
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The graft junctions of irradiated grafts usually differed in higto-
logic appearance from those of non-irradiated grafts. For instance,
resorptive lacunse were noted along the graft interface in the 8-week
irradiated allogeneic grafts. There was little evidence of bridging
or union between the graft and the host bone. However, in the non-
irradiated allogeneic grafts, we observed good fusion of the graft to
host bone. Indeed, the allogeneic grafts appeared to be as well fused
as did the autologous grafts at this time. Microscopically, there was
excellent union between the graft and host bone. The histologic
otseryation reflects the similarity in strength between allogeneic

and autologous grafts at the eighth week.

By the sixteenth postoperative week, all of the allogeneic and SDAB
graftg (with the possible exception of the irradiated allogeneic
graft) had undergone sufficient remodeling and replacement 80 that
they had essentially equal strength of union. Microscopic examination
revealed that fusion of all the grafts to host bone vas virtually
complete even in the irradiated SDAB grafts. Heretofore, all of the
SDAB grafts, whether irradiated or non-irradiated, exhibited poorer
fusion than allogeneic grafts, by both biomechanical and microscopic
evaluation. Histologically, we found that new bone had closed the
void between the graft and host bone. The union strength of the
irradiated grafts was found to be statistically identical to that of
non-irradiated grafts at 16 weeks.

Not surprisingly, in the non-irradiated allogeneic grafts, we also
found new bone uniting the graft with host bone. However, it is in
the early discrepancies in biomechanical streagth of union among

the various grafts at 4 and 8 weeks vherein lies the primary sig-
nificance of our study. Early development of union strength is
essential in order thut periods of stabilization be minimized. It
wvas during this time frame that the non-irradiated, gas-sterilized
bone grafts showed greater union strengths than did their irradiated
counterparts.

CONCLUSIONS:

Radiation sterilization of allogeneic canine bone grafts material
prior to placement may adversely affect the strength of graft uanion,
up to 8 weeks, post-operatively.

RECOMMENDATIONS :

Further work in this investigation is merited. This study is being
terminated because of the closure of this department.
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1.

PUBLICATIONS :

Robert, R. C., T. F. Payne, J. T. Vincent, J. B. Richey and
J. L. Cutcher. The effect of radiation sterilization on bone
graft union. J. Dent. Res. 53: 185, 1974 (Abstract).

Robert, R. C., T. F. Payne, J. T. Vincent and G. E. Lilly.

Comparison of healing strengths of autologous &nd allogeneic
bone grafta. J. Dent. Res. 53: 249, 1974 (Abstract).
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ABSTRACT

PROJECT NO. 3A161102B71R Research in Biomedical Sciences
TASK NO. 04 Dentistry
WORK UNIT NO. 148 Complications Following Intravenous

Sedation in Military Dental Procedures

Although the use of intravenous sedation in dentistry is increasing,
1ittle is known of the incidence of complications which may be
attendant to this procedure. The purpose of this study was to
establish guidelines for use of intravenous sedation in military
dentisiry by surveying the type and incidence of complications
occurring after use of such techniques.

Clinicians at eleven different military and civilian dental treat-
ment facilities were surveyed by mail, using a prepared questionnaire.
Resultant information was transferred to data processing cards for
tabulation.

A total of 1,872 dental patients was studied. A complaint of experiencing
pain was the most frequently reported complication. Phlebitis was
reported as a complication in 2.8 percent of cases overall. However,

in female patients receiving oral contraceptives, 35.7 perceat developed
phlebitis. In general, the dental patients involved were iavorable

to use of intravenous sedation in their future dental visits.
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WORK UNIT NO. 148 Complications Following Intravenous
Sedation in Military Dental Procedures

PROBLEM:

Complications during and following intravenous (1IV) sedation in the
dental office have been a source of controversy among general dentists,
oral surgeons and dental educators, especially in the military dental
services. Literature documentation concerning this matter is sparse.
There currently appears to be a diversity of opinion in dentistry as
to the type and occurrence of such sequelae. Figures range from 0-10
percent.

Use of 1V sedation in dentistry is increasing. A recent study con-
ducted at a public health hospital revealed that use of IV sedation
combined with local anesthesia for oral surgery procedures had increased
35 percent in the past decade. In a comprehensive study dealing with
postoperative alveolitis, the Letterman Army Institute of Research
observed that 58 percent of patients undergoing third molar extractions
received adjunctive IV sedation.

Among factors contributing to the upsurge in use of IV sedation are:

1) patient demand for sedation to neutralize the ''fear and apprehension”
of dental procedures; 2) research and marketing of drugs with a
relatively high safety margin; 3) formal courses in IV sedation being
taught in continuing education programs, internships and dental schools.

With the increased use of IV sedation in dentistry, especially among
general dentists, it would appear that complications incident to such
use would also increase. The undesirable sequelae may be related to
the use of specific sedative drugs or combinations thereof, or with
the manner in which these drugs are administered.

The purpose of this study was to establish guidelines for use of IV
gedation in military dentistry by surveying types and incidence of
complications occurring after use of such sedation techniques in con-
junction with dental procedures. '

RESULTS AND DISCUSSION OF THE RESULTS:

This study consisted of a survey of the following selected dental
facilities:

a. Military:
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(1) Letterman Army Medical Center
(2) Oakland Naval Hospital
(3) David Grant Hospital, Travis AFB
(4) Hays Army Hospital, Ft. Ord
(5) U.S.P.H.S. Hospital, San Francisco
b. Civilian:
(1) University of the Pacific School of Dentistry
(2) Loma Linda University School of Dentistry
(3) University of California School of Dentistry
(4) San Francisco GCeneral Hospital
(5) Alsmeda County General Hospital
(6) Mayo Clinic, Rochester, Minnesota

Using a prepared questionnaire, responderts reported the incidence
and type of complications arising after administration of IV sedation
prior to dental procedures in human patients. This information was
transferred to IBM punch cards and tabulated by sorting machine.

A total of 1,872 dental patients who received IV sedation in the
dental office were surveyed regarding complications during and
after the treatment procedure. 0f these subjects, 93 percent were
outpatients; 50.7 percent were males: 14.7 percent were receiving
antibiotics; 14.1 percent of female patients were taking oral con-
traceptives.

During the needle insertion, 3.9 percent of all patients complained

of feeling "lightheaded or shaky'" whereas 1.3 percent lost consciousness
(syncope). The antecubital fossa was the most popular site for veni-
puncture (74.2 percent) followed by the foreaim (19.1 percent) and the
dorsum of the hand (12.5 percent). Most (85.1 percent) of the veni-
puncture attempts were successful on the first insertion; 10.6 percent
of cases required a second insertion. Four or more venipunctures were
necessary in 1.1 percen: of cases. The most common means of initiating
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the 1V procedure was the direct drug to vein method (72.2 percent).
An 1V drip was used for sedation by 20.1 percent of the responding
clinicians. In 20.3 percent of cases, dextrose in water (5 percent)
was employed as the vehicle.

Respondents reported that phlebitis was diagnosed in 2.8 percent

of the 1,872 patients; 94.7 percent of all patients stated that they
were pleased vith the use of IV sedation. Of the 54 patients who
experienced phlebitis, 51.9 percent were males. In women patients
taking oral contraceptives, 35.7 percent developed a phlebitis.

The antecubital fossa was the site of phlebitis in 63.1 percent of
patients wvho experienced this complicationm.

Of the single medications used, Valing)wls associated with phlebitis
most frequently (19.2 percent). A total of 50 drugs were employed
either singly or in combination by reporting clinizieys in this Gb
study. The most popular drug combination was Vali and Demerol
(11.5 percent).

The highest incidence of phlebitis was observed on the 4th post-
operative day (24.1 percent), followed by the 5Sth, 7th and 6th
postoperative days (18.5, 16.7 and 14.8 percent, respectively).

Pain (either at venipuncture or postoperative) constituted the most
common complaint associated with the IV sedation procedure. Of the
patients experiencing phlebitis, 72 percent complained of pain and
discomfort. Ecchymosis occurred in 40.7 percent and erythema in
14. : percent of such cases, respectively. Of the 54 phlebitis
patients, however, 88.9 percent stated that they were pleased with
the technique. Of obvious interest is the high rate of phlebitis
(35.7 percent) which developed in women receiving oral contraceptives.
This is particularly notable whon compared with a similar (i.e.,
threefold) increase in the incidence of alveolar osteitis observed
by this department in earlier studies on women receiving oral con-

traceptives.

CONCLUSIONS:
None, the results represent a preliminary evaluation of the accrued

data, especially with regard to analysis of internal relationships.
No statistical analysis has as yet been performed.
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RECOMMENDATIONS :

This study has been completed. The principal investigator has been
transferred and vill submit a paper to a professional journal for
publication.

PUBLiCATIONS: Nonme.
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PROJECT NO. 3A061102B71R Research in Biomedical Sciences
TASK NO. 05 Environmental Medicine
WORK UNIT NO. 080 digh Altitude Bioenergetics -

Determination of Mechanisms
Responsible for Acute Mountain
Sickness

The folloning investigation has been conducted under this work unit:

STUDY NO. 12 Physiological and metabolic aspects of altering
dietary carbohydrate-fat levels upon carbohydrate
metabolism at altitude (enzymatic and electrolytes)

Three animal studies were conducted on the effects of dietary carbo-
hydrate levels (30, 60 or 80%), exercise and altitude exposure on
carbohydrate metabolism. Dietary consumption was reduced from 29 to
89% of control intake during the first 3 days at 4300 m altitude.
Liver glucose-6-phosphate dehydrogenase activity increased with in-
creasing dietary carbohydrate except when the rats were exposed to
altitude and high carbohydrate simultaneously. Altitude exposure
reduced this activity in all groups. In general, blood glucose
values were decreasing throughout the first 3 days of altitude ex-
posure. However, the exercised group had the total blood glucose
decrease at day 1 of exposure, and these blood glucose values
remained reduced for the 12 days of the study. Serum glutamic~
pyruvic-transaminase app:ared to peak at 6 days of altitude exposure
while serum glutamic-oxslacetic activities were not significantly
altered. Liver pentos: phosphate metabolizing enzyme activity did
not appear to be significantly affected by any of the variables.
During a 12-day study, the water content of various rat tissues were
increased during the first day of altitude (4300 m) exposure, while
sodium, potassium, calcium and magnesium retention of the animals
were significantly higher than rats at 1600 meters.
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WORK UNIT NO. 080 High Altitude Bioemergetics -
Determination of Mechanisms
Responsible for Acute Mountain
Sickness

STUDY NO. 12 Physiological and metsbolic aspects
of altering dietary carbohydrate-
fat levels upon carbohydrate metab-
olizm at altitude (ensymatic and
electrolyter)

PROBLEM:

Anorexia, vomiting, insomnia and other symptoms (which could
severely impair the combat effectiveness of men unless adequate
allowences are made or means of alleviation are found) occur in
both man and anixals after abrupt altitude exposure. These
detrimental effects of hypoxia can be alleviated by an adequate
intake of carbohydrate and/or maintaiuing physical activity
after abrupt exposure. These studies were designed to elucidate
the mechanisms of the altitude effects in animals and of the
carbohydrate and exercise smeliorating influences upon them in
order to improve performance and well being of soldiers abruptly
exposed to altitude.

Water and mineral balances during acute altitude exposure reported
in human studies have been in disagreement. A study was conducted
on rats sacrificed between 2 hours to 12 days after acute altitude
exposure to gathor additional information on tissue hydraticn

and mineral balances.

RESULTS AND DISCUSSION OF RESULTS:

Three animal studies were conducted to observe the effects of 3
dietary carbohydrate levels, treadmil]l exercise, and altitude ex-
posure of 12 days or less upon carbohydrate metabolizing enzyme
activities. After 3 days of adaptation to 1600 », wvhile feeding a
60X carbohydrate diet, 150 to 175 gm rats were assigned to ome of

3 dietary groups: A. 80% carbohydrate; B. 60X carbohydrate, and

C. 30% carbohydrate. Seven days later, one-half of each dietary
group was translocated to 4300 m and the remaining animals subjected
to an equivalent transportation stress. Aninmals from each dietary
group at each location were sacrificed on days 1, 2, 3, 6, 9 and 12,
Diet consumption was reduced to 45% of control during the first day
of altitade exposure but recovered thereafter. Hematocrit valaues
increased from about 40X for controls to over 47% by the second day
of altitude exposure. G-6-FD activity in the liver increased with
increasing dietary carbohydrate levels, but was decreased by about
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502 for the first 3 days at altitude. Serum G-PT activity increased
during altitude exposure with a peak value on day 6 and then decreased,
while serum G-OT values were unchanged. Blood glucose levels con-
tinwed decreasing during the first 3 days at altitude and remained
below control values for the remainder of the 12 days.

The second and third studies were similar to the first except that
the animals were exercised daily on a motor driven treadmill after
the initial 3-day adaptation. In the third studies, the experi-
mental diets were not provided until altitude exposure. Results
from these two studies were very similar to those from the first
with the following exceptions. Food consumption was reduced to

29 and 31% of control during the first altitude day compared to 45%
for Study 1 indicating that in the rat exercise does not ameliorate
the anorexic effect of hypoxia. The Denver hematocrit values were
higher (44 to 48%) than for the Denver rats of the first study, %0
that the increases observed at altitude were not consistently sig-
nificant until day 3. G-6-PD values were greatly reduced for the
802 carbohydrate group at sltitude in Study 3. The exercised
animals (Study 2) had reduced blood glucose from day 1 at altitude.

Seventy-two male rats weighing 150 to 170 grams were exposed to
4300 m altitude. Food and water consumption was recorded and the
average food intakes for each day was fed to "pair-fed" control
rats maintained at 1600 m after an equivalent transportation stress.
Six rats were sacrificed at each location at various time intervals
after acute altitude exposure. A significant growth depression
wvas observed only for the first day of altitude exposure. Signif-
icant increases in hemoglobin and hematocrit values wers noted
ismediately (2 hours) after altitude exposure with red cell counts
being significantly higher at days 9 and 12. Water contents of all
tissues were increased during the first day of exposure and, with
the exception of liver, remained increased throughout altitude ex-
posure. Liver had an increased percent dry weight following the
first day probably attributable to increased fat. Serum sodium
levels were significantly increased and potassium significantly
decreased during the 12-day exposure period. Although retention of
sodium, potassium, calcium and magnesium was increased at altitude,
retention of potassium and calcium were highest.

CONCLUSIONS:

Altitude exposure reducec carbohydrate metabolizing enzyme activities
in rat liver. Therefore, exercise and high carbohydrate diets,
which would induce increased enzymic activities, may exert their
beneficial effects by this mechanism, i.e., by having increased
activities prior to altitude exposure, the reduction due to hypoxia
would only reduce these levels to normal rather than sub-normal.
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High Altitude Bioenergetics - Determination of Mechanisms
Responsible fur Acute Mountsin Sickness (Cont)

Studies indicate a shift of body fluids from extracellular to intra-
cellular compartments of rats, during the first 12 hours of acute
altitude exposure.

RECOSOMATIONS:

Prepare manuscripts of the animal studies for publication and termi-
nate work unit due to discontinuation of this mission.

2. Schnakenberg, D. D. Hypoxic hyrophagia and hypodipsia in the rat.
Ph.D. Dissertation, Univ. of California, Davis, CA, October 1973.

3. Christensen, B. M., H. L. Jolmson, and A. V. Ross. Organ changes
and electrolyte excretion of rats expossd to high altitude.
Srbmitted to Asrospace Med.

¥
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3. (U) Thirty to forty percent of soldiers exposed, under comfortable conditions, to an
levation of 4,300 m. experience a severe and incapacitating phenomenon called Acute
tain Sickness (AMS). This results in a substantial group which cannot function ef-
fectively during the first several days at altitude. Studies designed to achieve a sound|
cientific basis for the treatment and/or amelioration of AMS can be conducted only par-
tially in man. This work unit was developed, therefore, to study laboratory animals: a)
to supplement the information acquirei in human research, b) to test hypotheses that aros]
from human studies, ¢) to examine the various physiological, metabolic and psychologic
efects and adaptations produced either directly or indirectly by hypoxic exposure, and
) ascertaining the basic physiological and metabolic mechanisms which 'nnderlie the ob-
erved defects and adaptation.
4, (U) Laboratory animals were subjected to actual and simulated high altitude envir-
nts. Various physiologic, metabolic and psychologic techniques were used to
etermine the alterations caused by hypoxic exposure. Studies were conducted at cell-
lar, organ and organism levels. Efforts to ameliorate or eliminate the defects were
de with the use of drugs, special diete, training, etc. 7Two phase studies were con-
ucted first, the acute response to hypoxis and second, the nature, extent and rate of
daptation of chronic exposure.
5. (U) Defects in glycine and leucine metabolism of rats exposed to a simulated altitudef
f 5330 m. are largely, but not entirely, attributable to hypophagia. Changes in adreno-
cortical function at this elevation are minimal. Mice exposed to 6600 m. (simulated)
xhibited a greater body weight and fat loss, but equivalent body water loss, when
ompared to mice exposed to 4300 m. This work unit is being terminated.
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ABSTRACT
PROJECT NO. 3A061102B71R Research in Biomedical
Sciences
TASK NO. 05 Environmental Medicine
WORK UNIT NO. 082 Metabolic, Physiological and
Psychological Effects of
Altitude

The following studies have been inititated or conducted under this
work unit during the past year:

STUDY NO. 19 The effect of stress and hydro-
cortisone treatment on protein
metabolism in rats

STUDY NO. 30 Body composition of mice during the
early stages of altitude acclimatization

Effects of acute exposure to simulated high altitude, hydrocortisone in-
jections and hypophagia induced by pair feeding were studied in a series of
four interrelated experiments. Incorporation of 13C-alanine and léc-
leucine into CO, and tissue carbohydrate, 1ipid and protein were assessed
in vivo and in vitro. Data, although still to be completely analyzed,

show that most effects of altitude are attributable to hypophagia.
Adrenocortical function appears to be slignily depressed. Exposure of mice
to a simulated altitude of 6,600 meters led to greater losses in body wveight,
lean body mass, body fat and body water than did exposure to 4,300 meters.
Most body weight loss at both elevations is attributable to a fat
decrement. The protein and water fractions of lean body mass are altered,
particularly at the higher elevation. This work unit is being terninated.
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WORK UNIT NO. 082 Metabolic, Physiological and
Psychological Effects of
Altitude

This work unit is being terminated. As a consequence of transfer of the
Medical Research and Nutrition Laboratory functiomns to San Prancisco and
dissolution of the Physiology Division the mission in Environmental
Medicine has been withdraw~. During the past fiscal year, however, the
following work was accomplished:

STUDY NO. 19 7The effect of stress and hydrocortisone treatment on protein
matabolism in rats.
PROBLEM:

Altitude exposure has been shown to suppress appetite, reduce efficiency
of food utilization and alter normal gastrointestinal function. But even
more important, evidence of defects in intermediary metabolism of various
assimilated foodstuffs, particularly protein, has been accumulating. High
protein diets, for example, are poorly tolerated; rats fed such diets not
only fail to grow but actually lose weight. Negative nitrogen balances in
both animals and man have been reported as have alterations in excretion
patterns of nitrogenous metabolites. Serum concentrations of essential
amino acids are reduced and turnover of serum albumin is increased.
Finally, during the first few days of exposure incorporation of certain
amino acids into tissue protein is suppressed, while oxidation of these
same amino acids is enhancel. To a large extemt the high altitude shift of
amino acid metabolism toward catabolic pathways would appear necessary .0
support energy demands of the animal. Thus, hypophagia during the acute
stage of exposure leads to i increased utilization of body and dietary
amino acids as an energy source. The role of the adrenal cortex in this
phenomenon has received little study. A similar lack of information pertains
to effects of altitude-induced changes in appetite on other aspects of
amino acid metabolism including gluconeogenesis and lipogenesis from amino
acid precursors. Studies were therefore initiated to describe effects

and interrelationships of caloric restriction, high altitude exposure and
adrenocortical function on major pathways of amino acid metabolism.

RESULTS AND DISCUSSION OF THE RESULTS:

Four studies were conducted. In the first, rats were exposed to a simulated
altitude of 4300m for a period of seven days. During this interval, body
weight, food consumption, nitrogen excretion and adrenocorticosteroid
excretion were monitored daily and compared to controls living at 1600m.

In the second study, four groups of rats were used. The control group

wvas fed ad libitum on a meal-feeding schedule. Another group was similarly
fed but exposed to 4300m for two days. A third group was pair-fed to the
high altitude animals for two days on a meal-eating schedule. The last group
was fed for two days like the first group but was given daily injections of
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hydrocortisone sufficient to raise serum levels to twice normal. At the
end of the two day experimental period the animals were sacrificed, liver
and kldnalbtioouc was excised, slices prepared, and in vitro incorpor-
ation of 1°C alanine into carbohydrate was measured. In the third study
three groups of rats were studied under conditions which were identical

to those used in the second study except that a hydrocortisone group vas
not included. At t&x end of the two day experimental period the animals
were injected with “'C alanine and subsequent distribution of label

into glycogen, protein and lipid was measured in liver, kidney, heart,
adlgooe and skeletal muscle tissue. In additiom, oxidation of the label

to 14003 vas also followed in the intact animal. The fourth study was
identical to the third except for the amino acid label. In this instance
oxidation and tissue incorporation of l4c leucine label was monitored.

The results of these studies are still being evaluated statistically, hence
only certain qualitative effects are discernable. These include a2 marked
reduction in food intake, growth and adrenocorticoid excretion in rats
subjected to high altitude exposure. Gluconeogenesis appears to be enhanced
in pair fed animals but not in high altitude animals whereas protein

and 1lipid synthesis vas suppressed in both groups to about the same extent.
Tentatively, it would appear that most, but not all, effects of altitude
on amino acid and protein metabolism are attributable to hypophagia.

RECOMMENDATIONS :

Data reduction from these studies should be completed, including appropriate
statistical analyses. This will be accomplished even though the work unit
is being terminated.

STUDY NO. 30 Body Composition of Mice
During the Early Stages of
Altitude Acclimatization

PROBLEM:

All mammalian species, including humans, exhibit a body weight loss
during early stages of high altitude acclimatization. In large

measure, this loss is attributable to hypophagia. In humans, indir-

ect estimates of body composition by body densitometry and indicator-
dilution techniques have yielded controversial results with respect

to particular organic and inorganic components contributing to

the weight decrement. Direct measurements, i.e., carcass analysis,

in laboratory rats have shown fat and protein to be the major contrib-
utors, with little or no change in body water or mineral being apparent.
Lack of change in body water is of particular interest since an increased
loss might be expected, not only because of hypophagia and body psotein
loss but, perhaps more important, because of an increased rate of
respiratory wvater loss. Thus, very small species would be operating
nearer their maximum ventilatory capacity during altitude exposure and
would be expected to exhibit high rates of evaporative loss.
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RESULTS AND DISCUSSION 0¥ RESULTS:

Adult laboratory mice were axposed to simulated altitude of 6600m for
periods of 3 and 7 days. At termination of exposure they were sac-

rificed and carcass analyses were performed. Reasults of these analyses

vere compared to results obtained in early studies conducted at 4550m (see
FY 73 Annual Progress Report).

During the first 3 days at altitude mice exposed to 6600 meters lost
considerably more weight than mice exposed to 4300 meters (162 vs 82).

At both elevations weight loss was attribvtable primarily to decrement

in body fat content, fat loss being substantially greater at the high-

er slevation. Effects after 7 days' exposure were somewhat greater at

both elevations than those observed at three days. Body vater vhen expressed
as a fraction of final body weight was not altered by exposure to either
altitude. However, when expressed as a fraction of lean body mass, signifi-
cant decrements vere observed. These decrements were more pronounced at the
higher elevation. In addition, exposure to 6600 but not to 4300 meters led
to a reduction in fat-free dry mass. This would indicate a loss of body

protein.
CONCLUSIONS :

Because of changes in lean body mass, particularly hydration and protein
content of this mass, bas.. assumptions underlying estimates of human
body composition at high altitude (by indirect procedures such as body
densitometry) will probably need revision.

PUBLICATIONS:

Hannon, J.P., L.F. Krabill, T.A. Wooldridge and D.D. Schnakenberg:
Effects of high altitude and hypophagia on mineral metabolism. Jour.
Nutr. (submitted for publication).
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23, (U} The abrupt translocation of military personnel from low to high terrestrial al-
titudes evokes many physiological responses. Animal studies are conducted: 1) to
elucidate cardiopulmonary changes and their causes in animals exposed to high altitude,
2) to describe the histological and chemical nature of these changes, 3) to determine
vhethsr these changes can be considered pathological or desirable adaptive processes,
and 4) to explore more fully the extent that these changes may be extrapolated to man.
24. (U) Animals were housed in heated facilities at 4300 m and at 1600 m to 1) compare
their physiologic and pathologic response to altitude relative to man and 2) investigate
changes in pulmonary vascular prevsure and in lung structure during acute exposure to
4300 m from 1600 m. Right ventricular pressure was monitored by indwelling catheter,
and lungs were examined by light microscopy.

25. (U) 73 07-74 06. Study 9. Right ventricular pressure (Prv) vas determined in
unanesthesized cats at 1600 m and following rapid translocation (2 hrs) to 4300 m,
Average Prv at 1600 m vas 17.0 mm Hg 2 hrs after catheterization, and 25.2 mm Hg 6-8 hrs
after catheterization. In cats relocated to 4300 m Prv was 22.1 mm Hg postoperatively
(at 1600 m), 37.6 mm Hg 2-3 hrs later (immediately upon arrival at 4300 m), and 45.3 =m
Hg after 8 irs at 4300 m. Histologic study of fresh-frozen, freeze-substituted lung
tissue revealed no difference between controls (1600 m) and those at 4300 m for 24 hrs.
The baseline Prv (immediately pret-catheterization at 1600m) differed between these
groups, but the striking incvease with acute exposure to altitude deserves further
study. This work unit is being terminated.
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ABSTRACT

PROJECT NO. 3A061102R71R Research in Biomedical Sciences
TASK MO, 05 Environmental Medicine
WORK UNIT NO. 085 Cardiopulmonary Effects of

Altitude on Animals

STUDY NO. 9 Effect of acute altitude
exposure on the development
of vascular hypertension in the
avake domestic -at.

The initial pheses of right ventricular pressure elevation in response to
high altitude aypoxia were studied in avake cats with surgically implanted
right ventricular catheters. Right ventricular pressures were monitored
over a 24-hour pest-surgical period. Six cats were transported to 4300 w.
Right ventricular pressure averaged 37 mm Hg at 1625 m, 39 == Hg five hours
after arrival at 4300 m, and 48 mm Hg after 17 hours of altitude exposure.
Pour cats munitored at 1625 m for 24 hours had average right ventricular
pressures betveen 21 and 26 mm Hg. This work unit is being terminated.
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BODY OF REPORT

WOKK UNIT NO. 085 Cardiopulmonary Effects of Altitude
on Animale
STUDY NO. 9 Effect of acute altitude exposure on

the development of pulmonary hypertension
i{n the awake domestic cat.

PROBLEM:

Published accounts of studies conducted to determine the effect of altitude
hypoxia on response of pulmonary circulation in cats have been concerned
with either very short (less than 3 hours) or very long (more than 3 weeks)
exposures. Mamy questions remain to be answered concerning physiologic
responses during the interim period ignored in previous studies. The pur-
pose of this study was to evaluate the response of pulmonary circulation to
acute hypoxia during the first 24 hours of physiologic adjustment<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>