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Basic Studies in Lipids (cont'd)

Serum cholesterol and phospholipid levels changed only to slight degree
with dietary sucrose and not at all with dietary glucose. We have
proven the diagnosis of carbohydrate-induced hypertriglyceridemia in
two patients and have contralledthe condition in one patient with
atromid. Serum insulin levels after oral glucose was abnormally high
in one patient and normal in the other. On Atromid therapy the insulin
level returned to normal levels and remained normal after cessation of
the atromid therapy. Studies in rats indicate that fructose is meta-
bolized at a more rapid rate than glucose and thus gives rise to greater
substrate levels necessary for triglyceride synthesis. Other studies
have shown that glycerol levels in the liver decrease as incresased
triglyceride synthesis occurs and thus cannot account for the increase
in triglyceride synthesis due to high fructose and sucrose diets in

the rat.

PUBLICATIONS:

1. David Zakim and Robert H. Herman. Relationship of Varying Amounts
of Dietary Sucrose to Serum Lipid Concentration in Normal Males.
Am. J. Clin. Nutrition 20:364 (1967) (AbstractjNo. 8). Presented
at the Am. Soc. Clin. Nutrition, 7th Ann. Mtg., Atlantic City,
New Jersey, April 29, 1967.

2. David Zakim, Ronald Pardini, Robert H. Herman and Howerde Sauberlich.
The Relation of Hepatic alpha-Glycerophosphate Concentration to
Lipogenesis in Rat Liver. Biochim. Biophys. Acta 137:179, 1967.

3. David Zakim, Robert H. Herman, and James W. Anderson. Effect of
Atromid on the Relation Between Plasma Insulin and Triglyceride
Concentration in Carbohydrate Induced Hypertriglyceridemia. Clin.
Res. 52:333, 1%7‘

4, David Zakim and Robert H. Herman. Glucokinase Activity in Human
Adipose Tissue. Nature, in press.

5. David Zakim, Ronald Pardini, kobert H. Herman, and Howerde Sauberlich.

Relation of High Carbohydrate Diets to Fatty Acid Synthesis in Rat
Liver. Seventh International Congress of Biochemistry, Tokyo,
Japan, Aug. 24, 1967, p. 69, Abstract No. 9.

6. David Zakim, Ronald S. Pardini, Robert H. Herman, and Howerde F

. Sauberlich. Mechanism for the Differential Effects of High
Carbohydrate Diets on Lipogenesis in Rat Liver. Biochim. Biophys.
Acta, in press.
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WORK UNIT NO. 058 - BODY OF REPORT

MCT ingestion depressed total liver and serum lipids and cholesterol
in chicks fed cholesterol-supplemented diets. These observations suggest that
the effect of dietary MCT on circulating lipids in the chick differs in animals
fed cholesterol-free or -supplemented diets. The plasma-liver cholesterol
pool was depressed 36% by feeding MCT as compared to corn oil-fed chicks
supplemented with cholesterol.

8. In Vitro Utilization of Acetate- 1- 14C by Chick Liver Slices. MCT
ingestion depressed overall metabolic activity as measured by the oxidation of
acetate-1-14C to MCOZ by chick liver slices.

9. Fatty Acid Elongation and Desaturation by Chick Liver Slices.
Liver slices of chicks fed MCT demonstrated an increased capacity for de novo
fatty acid synthesis, fatty acid chain elongation and desaturation activity.

CONCLUSIONS:

These experiments on the influence of MCT ingestion on lipid metabolism
have demonstrated the following:

1. MCT ingestion depresses rat serum and liver total lipids and choles-
terol. However, when MCT and cholesterol are ingested together, plasma
cholesterol levels are not altered but liver cholesterol levels are depressed as
compared to corn oil-fed rats, On the other hand, the ingestion of MCT by
chicks resulted in elevated plasma total lipids and cholesterol and depressed
liver total lipids and cholesterol as compared to corn oil-fed animals. The
chick plasma-liver cholesterol pool was not influenced by the different dietary
fats fed. When cholesterol was included in the diet, MCT depressed chick
liver and plasma total lipids and plasma cholesterol when compared to corn oil.

2. In vitro cholesterol synthesis from acetate-1- 14C was lower in liver
slices of rats consuming MCT than similar preparations from corn oil-fed rats.
In vitro cholesterol synthesis was elevated in liver slices of chicks consuming
MCT as compared to similar slices from corn oil-fed chicks.

3. In vitro fatty acid synthesis from acetate- 1- 14C was elevated in
liver slices of rats or chicks being fed MCT compared to corn oil. This in-
creased incorporation of acetate- 1- 14C was determined to be due to enhanced
ability to elongate fatty acids, and not de novo synthesis, in the rat liver
preparation, whereas the chick liver slice increased incorporation was due to
an increased de novo synthesis. Chain elongation was also elevated in chick
liver slices from MCT-fed chicks.
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WORK UNIT NO. 058 - BODY OF REPORT

2. Pyridoxine deficiency resulted in elevated serum total lipids, choles-
terol and lipid phosphorus, and depressed serum triglyceride and free fatty
acids. Liver lipids were not affected by vitamin B, deprivation.

PUBLICATIONS:

1. Pardini, R. S. and H. E. Sauberlich. The effect of pyridoxine defi-
ciency on lipid metabolism. Fed. Proc., 26: 412, 1967 (abstract).

STUDY NO. 4 Effect of specific amino acids and vita-
mins on ihe formation of cross-linkages
in cortal elasrin during aging

PROBL EM:

Elastin, the insoluble constituent protein of elastic fibers occurring in the
intercellular spaces of connective tissue, has some unusual properties and is
distinct from other vertebrate structural proteins. There seems to be no major
secondary structure but a tertiary structure of a three-dimensional network
formed by the covalent cross-linking of randomly kinked polypeptide chains,
involving bonds other than disulfide since elastin contains very little cystine.

The structure of the cross-linking compounds has recently been elucidated.
However, the reaction mechanism and the cellular control mechanism for their
formation are not known. Cross-linkages have been associated with biological

aging.

There have been suggestions and evidence the last few years that relate
copper, B-aminopropionitrile and oxidative enzymes in the cross-linking of
elastin. The involvement of a copper-containing enzyme similar to the
monoamine oxidases has been suggested. The literature makes it quite clear
that the formation of cross-linkages in elastin does not occur at random.
Inst-d, it is a highly controlled biological process, the mechanism of which
is si il unknown.

RESULTS AND DISCUSSION OF THE RESULTS:

The present studies are designed to investigate the effect of vitamin E
deficiency on the formation of cross-linkages in dortic elastin of rats since
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ABSTRACT
PROJECT NO. 2A0i450iB7(R Military Internal Medicine
TASK NO. 02
WORK UNIT NO. 063 Studies in Microbial Metabolism

During the past repert period work has continued within areas related
to the achievement of our defined objective of studying the metabolism, growth
physiology, and nutrition of drug-suscepribie and drug-resistant Mycobacterium
tuberculosis. The purpose of these studies is to improve techniques employed
in the mycbacteriolcgical examination of ciinical specimens and to further
knowledge of the metabolic activities of these medical!y important organisms.
Experimentation hzs foliowed three main avenues of apprcach: (i} Growth
studies involving variation in besal media and envircnmental facters; (2) The
use of cell suspensions to determine the dissimilation of carbon-i4 iabeled
metabolites; (3) Assay of enzymes present in cell free extracts.

Previously reported findings, which demonstrated the synergistic effect
of glucose in the growth suppression of an INH-resistant M. tuberculosis
by peroxides, have been extended by considering the ability of other carbohy~
drates and polyhydric alcoholis to act in a similar manner. [n addition to giucose,
it has been found that glycerol, fructcse, galactose, and mannose also act with
hydrogen peroxide to suppress growth. These results have provided new insight
into reported growth failures of the INH-resistant organism in autoclaved basal
medium.

Studies concerned with t:ie dicsimilation of carbon-i4 iabeled giucose
by drug-susceptible, INH-resistant, and streptomycin resistant M. tuberculosis
have progressed to the point that tentative maps have been prepared illustrating
the flow of carbon into such major celi fractions as cold t:i~hlorcacetic acid
extracts, lipids, hot trichloroacetic acid extracts, protein, and carbon dioxide.
A major portion of glucose was found to be converted to trehalose which is
extracted ir the cold trichloroacetic acid fraction.

In conjunction with the above studies, the siow-growing M. tuberculosis
has been cbtained in sufficiert quantities at regular intervals to allow examin-
ation of the enzyme content of INH-susceptible and INH-resistant strains. It has
been found that cells grown in Middiebrook's 7HI0 media contain reduced levels
of glucose~6-phosphate dehydrogenase and elevated levels of aldolase as com-
pared to cells grown in modified Proskauer-Beck media. Also observed were diff-

erences in the ability of extracts of INH=suspeptible and resistant M. tuberculosis

to reduce iodonitrotetrazolium violet. By strip electrophoresis this reductase
activity has been resolved into a family of enzymes which occur in theitwo
organisms in distinctly different patterns.
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The weight gain (average g/day) in 2 weeks' time, 14 days, is tabulated as
follows:

Diet GF PF
Addiﬁon +B] ‘B] +B‘ -B]
None 4.0 3.5 3.5 2.7
Penicillin 4.3 3.5 3.9 2.9
Sulfa. 3.9 3.2 3.3 2.8

During the end of the third week both groups of animals on the thiamine-
deficient diet, with and without antibiotics, developed vitamin B} deficiency
and were losing weight. Weight loss was reflected more severely with the GF
rats on the vitamin Bj-deficient diet with the added succinyl sulfathiazole.

Both groups on the thiamine-supplemented diet, with and without antibiotics,
continued to gain weight. Experimentation with animals on the vitamin Bj-
deficient diets was terminated during the fourth week, when tissues were col-
lected and transketolase activity was measured on the red blood cell hemolysates.
The 1-! C-glucose uptake was determined on intact red blood cells, as well as
on the hemolysates.

CONCLUSIONS:

That GF rats, with or without antibiotics, developed thiamine deficiency at
the same rate as the PF rats, bu. degenerated at a faster rate, was clearly
demonstrated.

PUBLICATIONS:

None

Future studies in this area will be reported under the appropriate work units
employing germfree animals, techniques, and the Gnotobiotic Laboratory.
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9. LEVEL OF RESUME

A.WORK UNIT
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61130011 3A013001A91C 00 046 None

11. TITLE:
{U) Development of a Means for Measurement of Work Decrement in the Rat (06)

aooness | itzsimons General Hospital
benver, Colorado 80240

Fitzsimons General Hospital
Denver, Colorado 80240

wvastieatoms kvans, W. 0., MAJ
PRINCIPAL

ADORESS
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23. KEYWORDS
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2{U) Technical Objective: The objective is to develop a means of measuring decrement
in the work capacity of rats performing heavy physical exertion which does not have
tne limitations of the swimming test or other animal methods for the analysis of the

the

vantages of this procedure arc:

effects of drugs, environments, etc., on work capacity.

27. COMMUNICATIONS SECURITY

28. 29. 08D CODER

2U) Approach: It is based on the 'titration' concept of measurement in whicn the
animals work to avoid a nociceptive stimulus.
less electric shock it receives.

The more work performed by the animal,
Thus, the discomfort developed by continuous
hieavy weork is placed in opposition to the noxious qualities of the shock.
The situation is ecologically valid in that the
animal can vary its work rate; the entire performance decrement curve may be studied;
and only a few animals will be required to obtain reliable results.

The ad-

2¢)) Progress: This work unit was terminated due to inadequate number of personnel.
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% {U) Tech Objective: To improve methods for isolation, identification and drug suscepr- |
ibility of mycobacteria recovered rom patients. To correlate drug dosage, serum drug
concentrations and microbe susceptibility with response to treatment. To develop the
use of an indirect fluorescent antibody (SAFA) methed for measuring antibodies pro-
duced in human mycobacterial infection, and experimcatal infection in animals.

zs. (U) Approach: Continuing modifications of procedures in specimen preparation, medium
composition, incubation environment, drug susceptibility technics, biochemical aids in
identification are being computerized for combinational analysis with clinical data.
Rates of bacterial conversion to negative will be correlated with drugs, dosage, serum
concentrations achieved, microbial drug susceptibility and to extensive clinical back-
ground information. Antibodies will be measured by the SAFA method in human and monkey
serum using precisely identified antigens.

(U) Progress: Results of studies on improved mycobacteriology methods are being incor-
sporated in a new revision of USAMRNL, Report #283. The current tuberculosis chemo-
therapy protocol is correlating, for computer combinatorial amalysis, drugs, dosage,

of information. Promising results are being obtained with the application on & new
quantitative soluble antigen, fluorescent antibody measurement of humoral antibodies
in tuberculosis patients, and in rhesus monkeys challenged with M. tuberculosis.
Preliminary results suggest that this technic may become a valuable diagnostic tool
and useful in following patients on chemotherapy. Precise identification of the
antigen of choice suggest that the RNA meiety of Youman's ribosomal antigen will be

used for serologic diagnosis, and may also be used for immunization.
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2.(U) Tech Objective: To evaluate the role of
as etiologic agents of acute and chronic disease.
isolation and identification of these microorganisms.
antibody technics with purified antigens from fungi.

. (U) Approach: Patients are being selected by the Medical Service, Fitzsimons General
Hospital. Specimens of exudates, sputum, urine. blood swabs and biopsied tissue are
cultured on special selective media for the presence of Mycoplasma species or L forms.
Cause and effect relationship between the isolated organisms and disease entities are
being evaluated by: Isolation of Mycoplasma or L forms from culture specimens; clinical
and bacteriologic response to antibiotic taerapy: sequential serum antibody titers -
using a soluble antigen fluorescent antibody technic quantitation of humoral antibody

is being measured employing coccidioidin.

2. (U) Progress: An accumulative total of 73 patients have been studied in the L form,
fycoplasma protocol to date. No evaluation or conclusions have been made. A report
of Mycoplasma antibodies in newborn has been published. Scarcity of patients with
coccidioidomycosis at this installation has limited the accumulation of statiscally
creditable information. As positive sera become available, a more critical evaluation

of this method will be conducted.
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WORK UNIT NO. 067 Computer Classification of Pulmonary
Disability

PROBLEN:

To derive a classification of disability severity in patients with
pulmonary diseases which is processed under fully automatic controls
in a general purpose digital computer. The classification technique
must be based upon a mathematical-logical process which provides objec-
tivity (free of external bias) and standardization to the profiling
process.

RESULTS AND DISCUSSION OF THE RESULTS: U

The basic reasoning foundation which guides the approach to the I
problem is that a total information system for classifying disability
in patients with pulmouary diseases is one of enormous complexity.

Therefore, it is clearly necessary to subdivide the problem that it oe
represents into several parts. The method adopted for this problem is i
that the total information system can be viewed as made up of parts which, -

for design purposes, can be viewed as independent, elementary units.
Within this ¢oncept we view the structure and functioning of each
elementary t individually and independently. The summary phase of
the problem will involve the design of '"logical-linkages' which organize
the elements to a whole such that the functioning of the whole is a ‘8
natural expresdion of its elemencs.

The following components (sub-systems) of a central medical
information system rejuired to evaluate patients with pulmonary diseases
have been designed as systems procedures and authored into computer pro-
grams for the RCA 301 digital computer:

1. Data collection input from clinics and labeoratories generating
information pertinent to the evaluation of patients with pulmonary diseases.

2. A file maintenance system for updating clinical information
and laboratory data on patients which is processed on a daily basis under
fully automated computer controls.

3. The production of Clinical Information Report Forms,
Medical Summaries and Patient Data Records for feed-back to physicians
and visual edit and review.

4. A Population System which prepares data into prescribed
sets and classes for clinical and statistical analysis.

5. A Statistical Analysis System which prepares and processes

data for prescribed numerical analyses and presents the results in report ‘
forms for feedback to physicians and investigators. f
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STUDY NO. 2 Ascorbic-4-3H acid metabolism in man

PROBL EM:

Recently, 4-3H-1abeled ascorbic acid has been prepared, having a specific
activity of 9.5 yc/mg. This material was prepared for metabolic studies in
both animal and man.

RESULTS AND DISCUSSION OF THE RESULTS:

The kinetic and metabolic fate of ascorbic-4-3H acid have been studied in
a human subject. The radioactive label does not enter the body water pool but,
instead, is excreted as organic bound tritium. The excretion products were
found to be ascorbic acid and immediate oxidation products, and unknown or-
ganic compound(s). Kinetic analysis of the data shows half-ti mes of 2 days
and 46 days for turnover of the labeled ascorbic acid and the unknown com-
pound, respectively. These results, combined with previous ascorbate-1-14C
studies, indicate that the unknown metabolite(s) are probably derivative(s) of
L-threose or L-threonic acid.

CONCLUSIONS:

The metabolism of L-ascorbic—4-3H acid has been studied in man, with
the following results:

1. The radicactive label does not enter the body water pool but,
instead, is excreted as organic bound tritium.

2. These data indicate the presence of more than one kinetically dis-
tinguishable pool in the metabolism of ascorbic acid.

3. The unknown metabolite(s) are probably derivative(s) of L-threose
or L-threonic acid.

PUBLICATIONS:

1. Tolbert, B. M., A. W. Chen, E. M. Bell and E. M. Baker. Metabo-
lism of L-ascorbic-4—%'l acid in man. Am. J. Clin. Nutr., 20: 250, 1967.

2. Tolbert, B. M., S. C. March, D. B. Karr, W. Scharf and E. M.
Baker. Ascorbate function: donor of a four carbon moiety? Fed. Proc.,
26: 854, 1967 (abstract).
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PUBLICATIONS:

1. Boker, E. M., Y. F. Herman and H. E. Sauberlich. Vitamin By require-
ment of young adult male humans. Fed. Proc., 26: 413, 1967 (abstract and
presentation).

2. Canham, J. E., E. M. Baker, N. Raica and H. E. Sauberlich. Vitamin
Bg requirement of adult men. Proc. Vilth Int. Cong. Nutr., Hamburg, Germany
(in press).

3. Tillotson, J. A., H. E. Sauberlich, E. M. Baker and J. E. Canham.

Use of carbon-14 vitamins in human nutrition studies: Pyridoxine. Proc. Vllth
Int. Cong. Nutr., Hamburg, Germany (in press).

STUDY NO. 4 Thiamine metabolism and requirements

PROBL EM:

Various techniques are under study to investigate the human metabolism
and requirement for thiamine. Urinary metabolites and 14C-|abeled thiamine
are employed in addition to humen volunteer studies. For example, a method
has been published describing a procedure whereby metabolites of thiamine
may be measured in human urine. The procedure depends upon the ability of
yeast to synthesize thiamine from thiamine-related compounds. Following
the synthesis, the urine is analyzed for thiamine by the conventional thio-
chrome procedure. The increase in thiamine following incubation with yeast
is taken as the amount of thiamine metabolites in the urine.

In a recent study with human subjects on a restricted intake of thiamine,
it was shown that the excretion of thiamine reached such low levels in 12
days as to be undetectable by the thiochrome assay. Yet, at the same time,
the metabolite excretion increased to a constant level during the deficiency.
This increase has led to speculation that the yeast was synthesizing substances
which acted like thiamine in the yeast assay but were not directly related to
thiamine. Thus, the validity of the method was in doubt.

In order to identify the thiamine-related compounds obtained from the
incubation of urine with yeast, the following standards were synthesized:
pyrimidine sulfonic acid, pyrimidine carboxylic acid, thiochrome, N-
methylnicotinamide, thiazole and hydroxyethylthiamine. With the develop-
ment of a thin-layer chromatographic procedure which could separate the
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STUDY NO. 5 Metabolism of 14C-labeled cotton cellulose
by man ‘
PROBL EM:

The objective of these studies was to determine whether or not the human
subject is capable of digestion of cellulose and, if so, to what extent and
what factors may influence such an ability.

RESULTS AND DISCUSS!ON OF THE RESULTS:

Cotton labeled with carbon-14, grown at USAMRNL, and nonlabeled cot-
ton were converted into microcrystalline cellulose, "Avicel-R," by the
American Viscose Corporatior.. Avicel-R is similar to the Avicel preparation
which was previously used at USAMRNL , with the exception that it is of a
smaller and more uniform particle size. The emulsification and other prop-
erties of Avicel-R gels are also more superior to the earlier product.

A human volunteer subject was placed on a 15-day preconditioning con-
trol period during which time he was fed a total of 150 g (dry weight) of
nonlabeled microcrystalline cellulose per day in two equai portions. The
cellulose was consumed in the form of milk shakes or sherbets. After the con-
trol period, he was then fed the 14C-|abeled cellulose (approximately 30 pc)
without any nonlabeled cellulose as carrier added. Following the ingest on
of the 14C-labeled cellulose, 24-hour fecal and urine collections were ob-
tained until such time as a complete 14C-material balance was obtained.
During the same experimental period, expired 14C02 was monitored daily.

The subject received the 14C-|abeled cellulose on 19 May 1967. Thus
far, there has been no detectable l4co expired via the lung. Further,
there has been no measurable 14C activity in the urine over the past 11 days.
At this time, the amount of 14C activity excreted in the faces has not been
ascertained. This information will be forthcoming. There is no reason not to
believe that in excess of 98% of the 14C-labeled cellulose will be excreted
via the feces, as was the case in the animal studies.

CONCLUSIONS:

Although the study is not entirely completed, available evidence indicates
that the human cannot utilize cellulose to any significant degree.
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WORK UNIT NO. 072 - BODY OF REPORT

PUBLICATIONS:

None
STUDY NO. 6 Other nutrition activities, national and
international
PROBLEM:

Assistance and cooperation are provided in support of the mission of
USAMRNL to extend nutritional and medical research, recommendations and
training to U.S. military and civilian groups and to civil and military popula-
tions of other countries as judged important and appropriate.

RESULTS AND DISCUSSION OF THE RESULTS:

Members of the Chemistry Division have assisted in the training program of
the Reserve Officers' groups and of individual foreign officers assigned to
USAMRNL for special programs or training. Similarly, assistance has been
provided in research, training and consulting to regional , national and inter-
national educational or government institutes, including FAO of the United
Nations. Locally, cooperative support has been provided the University of
Colorado, University of Colorado Medical School and Colorado State Univer-
sity. Assistunce has been provided the Office of International Research,
Nutrition Section, of the National Institutes of Health, as requested, in sup-
port of nutrition programs in Central America and South East Asia. Recently,
a biochemist from USAMRNL spent 3 months at the Institute of Nutrition of
Central America and Panama (INCAP), located in Guatemala, in support
of the nutrition survey of Honduras. Blood samples from the recent nutrition
survey of Panama were sent to USAMRNL for transketolase assay to assist in
thiamine nutriture evaluation. Consulting and analytical services have been
provided nutrition programs in Thailand, Malaysia und Indonesia. Currently,
the Advanced Research Program Agency (ARPA) is being assisted in an evalua-
tion of Thai military rations. Assistance was provided in conducting the
nutrition survey of Ft. Campbell, Kentucky. Professional assistance has been
provided by staff members by serving as members of editorial boards of nutri-
tion journals and as members of various scientific committees, including NAS-
NRC Committee on Dietary Allowances. Currently, additicnal studies have
been proposed for Iran, Panama and Thailand and are pending approval .
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CONCLUSIONS:

Continuing support was provided national and international nutrition agen-
cies and their basic or applied nutrition programs and training activities.

PUBLICATIONS:

1. Sauberlich, H. E. World nutrition problems. Proc. Western Section
of the Am. Soc. of Animal Sci., 1966.

2. "Requirements of Vitamin A, Thiamine, Riboflavine and Niacin,"
Report of a Joint FAO/WHO Expert Group. Rome, ltaly, 1967.
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ABSTRACT
PROJECT NO. 3A025601A822 Military Internal Medicine
TASK NO, 01

WORK UNIT NO. 073 Applied Nutrition Studies of
Military Populations

The following investigations have been conducted under this
work unit:

STUDY NO. 1: A number of surveys are planned to evalu-
ate longitudinally the nutrient intake and nutritional status of soldiers
living under a variety of duty requirements and environmental con-
ditions. Current, newly developed, and experimental rations are to
be evaluated for nutritional adequacy. At the present time, four
surveys have been completed at Fort Carson, Colorado, Fort Ben-
ning, Georgia (Rangers), Fort Huachuca, Arizona, and Fort
Campbell, Kentucky, to help answer some of the above problems.
These studies were designed to ascertain the soldiers dietary in-
take, the clinical and biochemical status of the men, the body
composition, and their physical work capacity.

In each camp, three units were studied to e 2luate the
adequacy of the present day garrison ration. At Fort Huachuca, a
unit of WACs were surveyed. The surveys were completed for Fort
Benning, Georgia (Rangers), and Fort Huachuca, Arizona and pub-
lished in Laboratory Report Nos. 291 and 309, respectively.

STUDY NO. 2: Three studies were completed to evalu-
ate the minimal food intake necessary .0 permit the individual
soldier to effectively perform his duties for periods of 3, 7, and
10 days. These studies included 10 days of complete starvation
and two studies of caloric restriction (400 Calories of carbohydrate
and 500 Calories of a protein-carbohydrate mixture) each for a 10
day period. In the caloric restriction studies, 8 men were divided
into two groups, 4 receiving mineral supplementation and 4 others
receiving no supplementation.

Information on 10 days of starvation on 6 normal healthy
adults are summarized as follows. The major problems encoun-
tered, under conditions of no mineral supplementation, were: (a)
highly negative water balances resulting in body hypohydration;
(b) negative nitrogen balances, showing that body protein was
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Applied Nutrition Studies of Military Populations (Cont'd)

being catabolized; and (c) the large mineral and urea losses. These
undesirable factors could eventually lead to physical and psychological
inefficiency.

In addition, significantly abnormal EKGs and EEGs were
observed at the end of the fasting period. The men were in fairly
poor condition both physically and mentally. There appeared to be
increased fatigue and frequent lapse of memory. They were not
mentally alert, were extremely tired, pale and haggard and showed
some indications of muscle cramps.

Although performance was not greatly impaired, it is sug-
gested that complete fasting withcut mineral supplementation should
not be recommended for a soldier on combat patrol.
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WORK UNIT NO, 073 Applied Nutrition Studies of
Military Populations

STUDY NO. 1

PROBLEM:

Army post surveys will be conducted over a minimum of 5
years to evaluate the adequacy of the Army diet under varied cli-
matic conditions in terms of established recommended allowances.
Biochemical diet analysis will also include essential nutrients for
which recommended dietary allowances have not been established.
Clinical evaluation of the nutritional and physical status of mili-
tary personnel is essential in addition to biochemical evaluations
of blood and urine samples. A special effcrt will be made to evalu-
ate body composition, work performance, and cardiopulmonary
measurements in terms of dietary intake, habit, and nutritional
status.

RESULTS AND DISCUSSION OF THE RESULTS:

Fort Huachuca, Arizona - Nutrition Survey: In the third in
a series of Nutrition Surveys being conducted in an Army camp at
Fort Huachuca, food intakes were measured in three military units
(men) and in one WAC Company. Total food intakes averaged 3881,
3886, and 2731 Calories/day for the three groups of men, and
2846 Calories/day for the WAC Company. These intakes were
considerably above the minimal allowances prescribed in AR 40-5.
The edible waste averaged 15.3, 13.5, and 9. 3% for the three
groups of males, and 21.9% for the WAC Company. This study
was published as USAMRNL Laboratory Report No. 309, April
1967.

Fort Campbell, Kentucky - Nutrition Survey: Information on
food intake at three mess halls, biochemical evaluation, body
compartment measurements, and maximal work performance on
220 men between the ages of 17 - 50+ years are now beiug com-
piled and analyzed for future publication.

CONCLUSIONS:

Fort Huachuca, Arizona - Nutrition Survey: The primary pur-
pose of this study was to conduct a Nutrition Survey on a representa-
tive sample of U. S. Army personnel, and to provide information
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studies, the oils and fats had very elevated peroxide numbers. Peroxides may
have been the active lipase inhibitors. Other studies reported that irradiated
emulsions or emulsions formed from irradiated fats are unstable.

The objectives of this study were to determine the effect of irradiation (5
Mrads) on the in vitro lipase hydrolysis rate of pure triglycerides, and to
determine the active component(s) if there was a reduced rate of hydrolysis.

RESULTS AND DISCUSSION OF THE RESULTS:

Pure triglycerides were purchased from the Hormel Institute. These tri-
glycerides were irradiated with gamma rays from ©0Co to 5 Mrads at 0° C.
Aliquots were emulsified by sonication in an ox bile preparation. The emulsion
was diluted with a saline-desoxycholine-calcium chloride solu ion, and after
the addition of a lipase (steapsin) suspension, titrated with base for 2 minutes
with a radiometer pH stat at pH 8.8 and 37° C. The volume of base per unit
time (1 min.) was arbitrarily selected as the initial velocity, and the weight of
fat per aliquot titrated was selected as the substrate concentration.

Attempts were made to size and count the emulsion particles with a Coulter
counter. Because most of the particles were less than 1 micron in diameter, it
was not possible to obtain a reliable size distribution.

Data have been obtained with tripalmitolein, tricaprin and trimyristin.
Tristearin emulsions could not be hydrolyzed with lipase to obtain reproducible
velocities. Bennzonana and Desnuelle (Biochim. Biophys. Acta, 105: 121,
1965) had shown that a plot of |/v vs. |/surface area of emulsion particles was
linear. When |/v was plotted vs. |/grams of substrate, a linear relationship
was obtained with greater velocities fci the emulsion containing the greater
surface area per unit weight of substrate; however, Vmax wos constant regard-
less of surface area within the tested range of 0.95 i0 2.9 m /gram of substrate.
For this reason, lipase activity was calculated on the basis of weight of sub-
strate per to:al hydrolysis volume since preliminary determinations on particle
size distribution showed that irradicted triglycerides were emulsified to the same
degree as nonirradiated triglycerides, and formed stable emulsions.

Preliminary gas chromatography data of the triglycerides did not reveal any
loss of fatty acids due to irradiation.

Titration data are shown in Table 1I. Calculations were made so that a plot
of v vs. v/w, which seems to correspond to v vs. v/[S], can be made. This
correspondence has not been critically evaluated, but it does seem to exaggerate
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WORK UNIT NO. 076 - BODY OF REPORT

RECOMMENDATIONS:

The advent of electronic data-gathering and analysis, as well as automated
instrumentation, makes it imperative that the analytical biochemist keep current
in today's technology, either by self-training or by special instruction. For the
service laboratory to function effectively, full use must be made of systems pro-
gramming.

STUDY NO. 2 Development of analytical biochemistry
procedures

PROBLEM:

The demand for innovation in analytical biochemistry is in direct proportion
tc advances in biochemistry itself. As new concepts arise, the need to evalu-
ate them analytically becomes essential. To provide for precise data acquisi-
tion, it is vital that development be conducted on specific methodologies.

RESULTS AND DISCUSSION OF THE RESULTS:

1. Utilizing auto-analyzer techniques in conjunction with fluorometers
with flow-through cells, procedures have been establis'-ed for magnesium and
calcium at the sub-microgram level , and for serum glutamic oxaloacetic trans-
aminase at the clinical level.

2. The inadequacies of the titrimetric procedure for total fatty acids in lipid
extracts have been overcome by conversion to an automated colorimetric method.
The procedure is based on the solubility of copper soaps in chloroform with sub-
sequent complexing of the copper with diethyldithiocarbamote aind measurement
of the extinction at 440 millimicrons.

3. An automated enzymic method for determining whole blood lactic acid
levels has been established. The procedure is based on the conversion of lac-
tate to pyruvate by the enzyme, lactic dehydrogenase. Concentrations as low
as 30 micrograms/ml con be accurately determined with a reproducibility of
0.6 micrograms.
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Cardiovascular and Pulmonary Responses at High Altitude (Cont'd)

efficiency of the respiratory control system is maintained at sea
level values during the first five days at high altitude.

Cardiovascular measurements on each mixture of CO,
included: arterial pH, PCO, and PO,; cardiac output; heart rate;
stroke volume; arterial and venous pressure; total peripheral
resistance; and heart work. At present these data are still being
analyzed, this analysis being somewhat delayed due to the departure
of the responsible scientist from the laboratory.

RECOMMENDATIONS:

This type of research seems to be a most fruitful approach to
understanding the mechanisms underlying cardiovascular and pul-
monary function at high altitude. Future work on the responsiveness
of these systems to alterations in PO2 and various humoral agents
would seem desirable.

PUBLICATIONS:

1. J. A. Vogel, J. E. Hansen and J. P. Hannon. Hemodynamic

alterations in humans and animals during chronic high altitude exposure.

Proceedings Ann. Army Res. Conf., West Point, New York, 1966.

2. Vogel, J. A. and J. E. Hansen. Cardiovascular function
during exercise at high altitude. Proc. International Symposium on
The Effects of Altitude on Physical Performance, pp. 47-51, Albu-
querque, New Mexico, 1966.

3. Hannon, J. P., J. L. Shields and C. W. Harris. High
altitude acclimatization in women. Proc. International Symposium
on The Effects of Altitude on Physical Performance, pp. 37-44,
Albuquerque, New Mexico, 1966.
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26.(U) Progress: Nine human subjects exposed to 14,100 feet (Pikes Peak) for two
weeks had markedly decreased serum levels of essential amino acids. The level of the
non-essential amino acids increased slightly. In contrast, the serum levels of water,
*%otal protein, taurine, creatinine, urea, uric acid, glutamic acid, phospholipids

and inorganic P were significantly increased. These subjects also showed a marked
reduction in plasma and extracellular fluid space but an increase in intracellular
fluid space during altitude exposure. High altitude exposure was also associated
with a normal or slightly elevated body water content, normal body K*% and a marked
reduction in body weight and fat content.
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WORK UNIT 072 Metabolic Effects of Altitude

STUDY NO. 1 Effects of High Altitude on Body
Fluid Compartments

PROBLEM:

Humans, as well as other species, exhibit 2 marked reduction
in plasma volume when exposed to high altitude. At 14, 000 feet this
reduction is apparent after a few hours and becomes more pronounced
over the next week or ten days, where it remains for months and per-
haps indefinitely. Studies of high altitude acclimatization in women
showed this reduction was not due to dehydration, but to an actual loss
of plasma from the circulation, probably as a result of an elevated
rate of lymph formation. These observations raised questions con-
cerning the effects of high altitude on other body fluid compartments.
Consequently, the plasma, extracellular and intracellular volumes
of nine soldiers were measured initially at low altitude and subse-
quently over a two-week period at Pikes Peak. Other measurements
included total body water, lean body mass, body fat and body K40
content.

RESULTS AND DISCUSSION:

Not only plasma volume but also extracellular volume were
markedly reduced during the first week of exposure. Thereafter,
extracellular volume recovered slightly. Intracellular space
increased in proportion to the decrease in extracellular space, i.e.,
about three liters in both instances. Total body water content showed
an initial, slight decrease foliowed by a return to normal levels after
one week and a slight increase above normal values after two weeks'
exposure on the Peak. Lean body mass and body K40 content were
not significantly altered by high altitude exposure. Body fzt content,
on the other hand, was markedly reduced.

CONCLUSIONS:

There is a large shift of body fluid from the extracellular to
the intracellular space. The cause of this is not due to dehydration;
it is due to a loss of body fat.

RECOMMENDATIONS: |

New studies should be initiated to determine the actual anatomical
sites of these fluid shifts and whether they are associated with certain |
hormonal changes, particularly aldosterone, A.D.H. and catecholamines. :
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Metabolic Effects of Altitude (Continued)

Information on the relationships, if any, of these fluid changes
to altitude sickness and performance decrements should be
investigated.

STUDY NO. 2: Effects of High Altitude on Serum
and Plasma Metabolites

PROBLEM:

Exposure to high altitude is accompanied by marked alterations
in intermediary metabolism. Since the early 1900's, investigators
have reported negative nitrogen balances in humans and animals
exposed to high altitudes of 10, 000 - 18, 000 feet. Body composition
studies in humans and rats at 14, 000 feet have indicated that there is
a shift in muscle protein to nonmuscle protein. A decreased incorpora-
tion of labeled amino acids into livers of rats at 14, 100 feet has also
been reported. In addition, plasma albumin degradation was increased
markedly for 24 to 48 hours within the first three days in humans
exposed to high altitude.

In view of these observations, changes in concentration of serum
metabolites were studied in humans exposed to 14, 100 feet for varying
periods of time up to two weeks. In Group A, blood samples were
drawn at sea level and on Days 1, 3 and 5 at 14, 100 feet. In Group B,
blood samples were drawn on Days 1, 3, 7 and 14 at 14, 100 feet.

RESULTS AND DISCUSSION:

Compared to sea level concentrations, no changes in the follow-
ing metabolites or enzyme activities were observed in Group A: NAD,
NADH, NADP, NADPH, ATP, ADP, AMP, glutamic-oxalacetic and
glutamic-pyruvic transaminase, lactic, malic and B-hydroxybutyric
dehydrogenase.

In Group B, concentrations of the following metabolites decreased
at high altitude: lysine, threonine, valine, total lipids and ornithine.
Concentrations of the following metabolites were increased: plasma
protein, glutamic acid, alanine, taurine, urea, @ -aminobutyric acid
and phospholipids. In general, concentrations of total nitrogenous
metabolites increased, total non-essential amino acids increased
slightly and total essential amino acids decreased. None of these
changes can be explained by a change in serum water content, which
increased about one percent. Measurements of various serum lipid
concentrations remain to be completed.
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Metabolic Effects of Altitude (Continued)

CONCLUSIONS:

There seems to be little evidence that any major organ,
e.g., liver, is subjected to damaging hypoxia during exposure

to 14,000 feet. Such damage would probably be reflected in an -

increased serum level of nucleotides and enzymes. The reduc-
tion in certain essential amino acids along with the increase in
total nitrogenous metabolites would support the concept that the
early stages of altitude exposure are very similar to conditions
of moderate starvation.
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ABSTRACT

PROJECT NO. 3A025601A827 Military Environmental Medicine
TASK NO. 01

WORK UNIT NO. 073 Physiological and Psychological

Aspects of Performance at Altitude

The following investigations have been conducted under this work
unit:

STUDY NO. 1l: Evaluation of Acetazolamide in the
Treatment of Acute Mountain Sickness

STUDY NO. 2: Evaluation of Hypoxia and Hypocapnia
Separately as Causal Factors in Acute Mountain Sickness

The present work unit is designed to evaluate physiological
and psychological impairment at high altitude and to attempt to
evaluate certain promising medications relative to their ability
to prevent or ameliorate the symptoms of acute mountain sickness.
Acetazolamide, a carbonic anhydrase inhibitor, was evaluated in
a double-blinded placebo situation. Previously it was found that
acetazolamide afforded a slight but significant protection against
certain symptoms commonly reported in low altitude subjects
upon initial altitude exposure. Although acetazolamide administra-
tion caused improvements in altitude-induced changes of PO, and
pH, while contributing to hypocapnia in human subjects, the results
would not warrant recommendation that acetazolamide be adopted
as an adequately successful therapeutic for symptoms of acute
altitude sickness.

Additional information was collected on human subjects pre-
acclimatized to hypocapnia or hypoxia by appropriate gas mixtures
for one week prior to ascent to Pikes Peak (14, 110 feet). Results
indicate that breathing hypoxic gas mixtures containing 5% COZ
and 14% oxygen or forced hyperventilation on sea level air (causing
hypocapnia and no hypoxia) were slightly and equally effective in
reducing high altitude symptomatology. Periods of pre-acclimatization
with these breathing treatments were carried out for nine hours a day
for five days prior to ascent to Pikes Peak. From this we would con-
clude that symptoms of acute mountain sickness are not solely
attributable to either hypoxia or hypocapnia alone, but must be related
to an interaction between each alteration.
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STUDY NO. 1 Evaluation of Acetazolamide in the Treat-
ment of Acute Mountain Sickness

PROBLEM:

The present study was designed to evaluate acetazolamide,
a carbonic anhydrase inhibitor, as a therapeutic agent for the syn-
drome of acute mountain sickness. Reports from studies at
simulated altitude had shown acetazolamide partially prevented
an increase in arterial pH and decrease in PO of subjects at
high altitudes compared to placebo controls. Incidence of symptoms
in these subjects were also reported to be considerably reduced.
This study was initiated to confirm these impressions at actual
altitude using a 26-symptom questionnaire with subject self-rating
of each symptom on a scale of five. Acetazolamide was given in
four 250 mg. doses one day prior to ascent and two 250 mg. doses
the first two days on Pikes Peak. Sixteen subjects were studied.

RESULTS:

Fourteen of the 26 symptoms were improved significantly
with acetazolamide; however, improvement was only slight or not
at all on the more debilitating symptoms such as: headache, nausea,
insomnia, anorexia, somnolence. When compared to a previous
study using codeine, acetazolamide is inferior as an agent to combat
acute mountain sickness both in terms of total symptomatology and
most debilitating symptoms.

The effect of acetazolamide on arterial blood gases and pH
during maximum symptom severity was as follows (means of
groups of eight): (1) PO, - placebo 52 mm Hg., acetazolamide
62 mm Hg.; (2) PCO, - placebo 30 mm Hg., acetazolamide 24 mm
Hg.; (3) pH - placebo 7.43, acetazolamide 7. 37.

CONCLUSIONS:

Acetazolamide is not the drug of choice in combating the
subjective symptomatology of acute mountain sickness.

RECOMMENDATIONS:

On the basis of this experience, we would recommend: (1)
Continued evaluation of promising drugs as agents for therapy and
prevention of severe debilitation due to acute mountain sickness
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and (2) Investigation of acetazolamide as a prophylactic agent followed
by another drug at altitude (codeine would seem the choice at present).

STUDY NO. 2: Evaluation of Hypoxia and Hypocapnia Separately
as Causal Factors in Acute Mountain Sickness

PROBLEM:

This study was designed to determine whether preconditioning
to hypoxia or hypocapnia alone prior to actual altitude exposure could
influence the severity of symptomatology and course of natural altitude
acclimatization. This was attempted by exposing eight human volunteers
for nine hours per day over a five day period at sea level to gas mixtures
containing 5% CO, and 14% O, to produce hypoxia without hypocapnia.
Arterial blood samples showed average PO; in the range of 60 mm Hg.
with average PCO, of 42 mm Hg. A second group of eight subjects
breathed ambient air with forced hyperventilation by Bennet respirators
for an equal preconditioning period. Arterial blood gas analysis showed
hypocapnia (average PCO, - 16 mm Hg.) without hypoxia (average PO, -
120 mm Hg.

RESULTS:

The results of this study indicate that preconditioning to hypocapnia
(forced hyperventilation) or hypoxia (5% CO2, 14% O2) nine hours/day for
five days just prior to ascent to Pikes Peak were slightly and equally
effective in reducing high altitude symptomatology. The degree of pro-
tection observed was somewhat less than we have seen with codeine. All
of the statistical evaluation has not been completed as yet, but it would
appear that certain symptoms (headache, nausea, insomnia) are reduced
ky this type of preconditioning. When data are completely reduced, more
definitive statements about the role of hypocapnia vs. hypoxia in the detri-
mental effects of acute high altitude exposure may be possible.

PUBLICATIONS:
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1. Evans, W. O. and Witt: N. F. The interaction of high altitude
and psychotropic drug action. Psychopharmacol. (Berl.), 10: 184-188,
1966.

2. Evans, W. O. The measurement of the subjective symptoma-
tology of acute high altitude sickness. Psychol. Rep., 19: 815-820, 1966.

3. Shields, J. L., Carson, R. P., Evans, W. O. and Plough, I.C.
A comparison of the effects of codeine, desoxyephedrine and acetazolamide
on the symptoms of acute altitude sickness. Fed. Proc., Vol. 26, 1967.
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ABSTRACT
PROJECT NO. 3A025601A827 Military Environmental Medicine
TASK NO. 00
V:ORK UNIT NO. 074
Possible Effects of Altitude and/or
Drugs
The purpose of this project was to study the effect cf environment and/or
specific drugs on the indigenous microflora of man. Three parameters interacting
with man and his microflora was investigated. These paraineters were:
(I) environment; i.e. altitude, temperature, and relative humidity;
(2) drugs used to suppress or reduce symptoms of altitude exposure;
(3) infectious diseases to be distinguished from altitude induced illness.
Two groups of 16 each were studied. Baselines were established at
Ft. Sam Houston, Texas. Sampling to determine the effect of altitude was
obtained after transfer to Pikes Peak, Colorado. No qualitative or quantitative

change in the microbial flora were noted. 'Hematologic changes, however,
were observed. A complete report presenting the data is in preparation.
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WORK UNIT NO. 074 Microbial Flora of Human Subjects:

Possible Effects of Altitude and/or
Drugs

PROBLEM:

Man's physiological and psychological reaction to a defined environ-
ment, including altitude, has been the subject of numerous studies. The effect
of environment and the indigenous microbiota of man, however, has not been
the subject of in depth investigations. In this study, three parameters interact-
ing with man and his indigenous microflora were investigated for evaluation:

(1) environment, which included altitude, temperature, and relative
humidity;

(2) the effect of drugs used to suppress or reduce symptoms of altitude
exposure;

(3) idiopathic or altitude-induced iilness distinguished from infectious
diseases. The project was initiated during this reporting peiiod with three
surveys being conducted, two at sea. level at Ft. Sam Houston, Texas and
one at high altitude on Pikes Peak, Colorado. The sampling procedure used
during these surveys was to obtain swabs from the forehead and back and
culture for the presence and enumeration of micrococci, yeasts and fungi and
general aerobic and anaerobic bacterial flora. Throat swabs were obtained
for the presence of group A streptococci and Mycoplasma sp., and stool spec-
imens were cultured to detect any quantitative or qualitative changes from the
normal flora. Venous blood was obtained for hematology and electrophoretic
patterns to determine any significant antibody changes; air sampling of the
general area and of the subject's environment was accomplished.

RESULTS AND DISCUSSION OF THE RESULTS:

Two groups of 16 subjects each were studied. Considerable data of a
broad baseline character were derived. No quclitative or quantitative changes
in the microbial flora from specimens cultured from the skin or feces or evidence
of antibody changes were seen. Hematologic changes, specifically, increased
percentages of reticulocytes, were observed. Preliminary studies to establish
methods indicated that we might expect to find significant differences in the
skin microflora of individuals from different geographic areas. This was not
confirmed by our surveys. The probability exists that the duration of exposi'ce
was not sufficient to alter the microbial flora.
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