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FOREWORD 

The research conducted at the Lettennan Army Institute of Research, 
Presidio of San Francisco, California, was accomplished in Fiscal Year 

1974 under the following projects and task areas: 

I 3A161101A91C - In-House Laboratory Independent Research 

3A161102B71P - Basic Research in Support of Military Medicine 
I 
f 01 - Biomedical Sciences 

3iU.61102B71R - Research in Biomedical Sciences 

02 - Internal Medicine 
I 04 - Dentistry 

OS - Environmental Medicine 

3A162110A825 - Oral and Maxillofacial Sciences 

3A162110A830 - Military Dog Improvement 

3A762758A827 - Environmental Medicine 

3A762759A831 - Other Tropical Medicine 

3A762760A822 - Internal Medicine 

Tasks are subdivided into work units, as appropriate, to accomplish 

the objects of the task. 

In conducting the research described in this report, the invest!- ^ 
gators adhered to the "Guide for Laboratory Animal Facilities and Care, 
as oromulgated by the Conmittee 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. 

iii 
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unknown      vPt  the effects of a deficiency of  the vitamin are narked and diverse.    Of 
"1^ int rest,  is its apparent participation in resistance,  infection and «« 
and it^renuireneAts in wound heallnR.    Vitamin A is also responsihle for "^1 kera 
Sni.ation in epithelial tissues.    In order to provide a better ""-fj f« f ^ ^c , 
of vitamin A and  its ronuirenents.  Investigations would be ""''^^.^/^^ ^^ 
tlons    at  the molecular level.    The studies would determine the specific  tissue func 

tlons of v-tcamln A und  its active form. *„*„„ 
7U      00     Studlon will   he conducted on the  involvement of vitamin A on sulfur amino 
acid mctahnlism and nulfation,  on membrane  carrier llpids.  on ervthrocytes  and membrane 
Junctions,  on wound healing and infection,  on amino acid incorporation and e^yme syn- 
thesis,   and on DlIA and RI1A metabolism.     Studies will use  tissue culture  techniques, 
cellular blocking agents,  labeled substrates,  electronmlcroscopv, etc. 
25      (U)     73 07 - 74 06    Studies on vitamin A deficiency in the Carworth CFE strain of 
rat showed  liver and serum vitamin A to decrease during vitamin A depletion while no 
significant changes occurred in kidney levels.     Zinc  levels in liver    scrum and urine 
were unchanged.     Leaching of vitamin A during  tissue processing for RM was process  de- 
pendent but  can be held to insignificant levels.    Carbon-14 caused tracking on the LM 
autoradiograph which Indicates a need to use Tritium labelled vitamin A.     Although HeLa 
cells could he maintained for several generations in the presence of vitamin A or cl- 
tral morphologic  changes were induced which made Interpretation inconclusive.  Screening 
procedures on other cell strains may determine the most responsive system for studying 

vitamin A metabolir.m. 
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ABSTRACT 

P''O.TrrT MO. 3A061101A91C In-Houae Laboratory Independent 
Keseatch 

WORK IWIT no. OAO The Molecular liasls of Vitamin A 
Activity 

The following investiRations have been conducted under this xrork unit: 

STUDY NO.  1 Investigation of the Subcellular 
Plstrlbution of Vitamin A  in  the 
Rat 

STUDY NO.  2 Clyr.oprotein Synthesis in Cell 
Culture Systems 

Studv TIo.   I.    Cell fractiönation by differential centrlfuf»ation and electron 
microscopic autoradlography have been developed as useful «-ools  for 
tracinj» 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 kldnev vitamin A increases initially 
followed by a decrease to values below control values as depletion 
proRresses.    Addltonal data are being collected to confirm and establish 
the statistical significance of there trends. 

Study No.   ?..    Preliminary studies indicated that although HeLa cell 
tissue cultures could be maintained for several generations In  the 
presence of either vitamin A or citral,  morphological changes were 
induced in both systems which made interpretation inconclusive. 
Similar screening procedures will be done on other cell strains 
to determine the most responsive system in which to study vitamin A 
metabolism. 



BODY OF REPORT 

WORK UNIT NO. OAO The Molecular Basis of Vitamin A 
Activity 

STUDY \T0. 1 Investiratlon of the Subccllular 
Distribution of Vltanln A in the 
Rat 

PROBLW!:    To Investigate the molecular function of vitamin A at the 
cellular level by determinlnR its location and its influence on 
metabolism of other cellular components. 

RESULTS AND MSTUSSION OF THE RESULTS;     Cell fractionation by 
differential centrlfuRation has been refined to yield, based on 
electron nicroscony,  the following fractions:    nuclei (95/ pure}, 
intact mitochondria  (60-707 pure) and nicroRomes   (OS? nure). 
Definition of the proRression of vitamin A depletion in the        ^   ^ . 
Catvorth C*F strain of rat is still In nropress.     Results have indicated 
that this strain depletes at a slower rate (12-14 weeks)  than other 
strains   (i.e. Holtzman) of rats.    The question of vhethcr diet or 
strain difference is causing this slower rate is now belnp investigated. 
Chenlcal analysis of the diet has shown no vitamin A, but the 
possibility exists tb«t a small amount of bloloRlcally active material 
is present. 

Tissue levels of vitamin A have also been followed during vitamin A 
depletion.    Preliminary results show the liver to deplete in a 
exponential manner.     The serum vitamin A  level decrease as  the liver 
depletes,  while the kidnev vitamin A level Increases  initially and 
then decreases  to values below control values as  depletion nro^resses. 
In nn effort  to determine the siRniflcance of the  trends  in the data, 
a repeat experiment war performed and  the  tissue are currently beinn 
analyzed. 

Tn  1.1 f't o«-  the role of zinc  in the  release    and  transport of ret.'.nol 
bindlnp; protein and consequently of vitamin A from the liver, 
zinc determinations were performed on serum,  urine an.   liver. Ho 
dlfforences were noted in the J-.inc  levels  as vitamin A depletion r repressed. 

rxperiments on tissue preparation for electron mlcrosconir. autorarliopraphy 
Indicate that vzat-r-soluble embeddinr; media,or standard embeddin* media 
»Mrmloved vlth techniques used for fatty acids retention, resulted In 
Ulrh retention of vitamin A in the processed tissue.    rarhon-lA labelled 
vitamin  ^ canned tracking on the autoradior,rapMc emulsion ^ich  Indicates 
that  carbon-l/t hns   too hiph an energy level and  that tritium would he  a 
better  inotoplc   label  to use. 
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The molecular Basis of Vitamin A Activity (Cont) 

CONCLUSIONS:    Electron microscopic autoradlography will be extremely 
useful In localization of Isotoplcally labelled vitamin A In the 
cell, with cell fractlonatlon by differential centrlfugatlon procedures 
being an adequate backup.   Vitamin A depletion does not cause 
a change In sine metabolism based on excretion and tissue levels of 
zinc. 

RECOMMENDATIONS s    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 adds and proteins to demonstrate the 
location of the label in the cell.    The Investigations should Include 
the quantltatlon 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 T^olecular Basis of Vitamin A Activity  (Cont) 

? Clvconrnteln Synthesis In Cell 
MUDY  mi.   /. Cultum Systerw 

antagonist. 

RESULTS ATin niSCTSSION OF THE RESULTS:    A preliminary 8J^ ^J<in,in A 

rtabollsm in HeLa cells was started "with the ^^f,, f^^ A.    ^e 
cell line which waa reaoonsive to the absence or excess «J T1" 
cells were cultured in Minimum Essential Medium ^^le) f

wJ*-^
1?8 

TMl + inr Fetal Calf Serum.    Various concentrations of Vitamin A. 
cl ral U vi^Si A blockInR a.ent), and combinations of both were 
fd ed to the media in a small amount of "rrier at the time ^f 

I inoculation.    Controls Included "«^"^/^^"f/^fr a 
| carrier only added.    The flasks were «^ ^Ue a^ay over a^ 

^nlLTSt^nL^Ä 

I of citral and vitamin A showed a much ^""«"^^^a 1*!' ^ouH 
other treatments.    After an initial shock ^f *« Jf * «t the levels 
tolerate and eventually gro*. in the presence of ^^"^ *' Jj* leVe 

studied.    Fluorescent microscopy of these ^^''/^ ^^f 
A stock culture of    HeLa cells tolerant to vitamin A at a ^JJ" 

Future studies  in vitamin A researcn »/xxx J-U      _..„,.,.„ of «itamin A 
Tnedia and cell fractions for various forms ^.^^f Jc „it 
and also some radioactive labeling studies  to ^«^f^016 

of vitamin A in the cell.    These st"dJc« f11^ ^ bfan «ctivn 
other human cells  in which vitamin A is  -hou?ht to be an «ctive 
metnbolltp. 

rOTirirstnT-'S.    Cell ctilture systcios appear to have nromise as a 
Sr^Placement of the intact aninal in Investigations 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.    D0D 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 »nicro- 
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 0TSG as a 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 sulsistence have been tentatively identified. 
The delicatessen salad study has been published, and data partially developed on which 
to recommend microbiological guidelines. Tentative protocols for analyses of seafoods 
purchased by DOD  for military  consumption are being  formulated. 
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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 under 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 studied for microbial content.    In total,  5520 
analyses  (8 analyses x 690 individual samples) were made. 

Of the 690 samples,  26 (or 3.77%)  exceeded a Standard Plate Count 
of 100,000/g,  74  (or 10.41Z) contained coliforms, and 14 (or 2%) 
contained E.  coll.     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 6.6%) yielded viable S. aureus.    Clostridium perfringens was 
found in only 2 samples, while Salmonella results were all negative. 

Overall microbiological quality of the samples analyzed 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 microbiological research is needed. 
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.     Computerized 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 weis 
examined mlcrobiologically 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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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 15.6% of the samples,  colifonn violations in 21.82 of  the 
samples,  and yeast and mold violations in 45.3% oi.  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. 

Experiment 2:    Microflora of Fresh Salads Prepared by a Military 
Food Service Establishment 

Microbiological guidelines for fresh green salads,  prepared in a 
DOD C ntral Food Preparation Facility 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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BODY OF REPORT 

WORK UNIT NO. 041 Wholesomeness Aspects of Military 
Subsistence 

STUDY NO. 1 Microflora of Meals, Precooked, 
Frozen, and Non-Speclflcation 
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-borne pathogens. 

RESULTS AND DISCUSSION 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 
representlve 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 0.9% exceeding the specification limits. Escherlchla 
coll was Isolated from 14 (or 2%) of the samples; yeasts and molds were 
f^d 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 perfrlngens 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 variability between lots and kinds of 
coomercial 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 M11-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 pathogens. 

PUBLICATIONS: 

None. 

STUDY HO.  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.  If 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 hygiene 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 samples) 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 plated 
were Vibrio oarahemolyticus, Star.hvlococcus aureus. "^fj^' ^ 
^"nT^i^scherlehla coll. Enterobacter. and Escherichia cl£a£ae. 

indSuion 'ailHTi^^l^s^p^     type. >-« -^; 

these were submitted for testing for other reasons.  In addition to 
the organisms previously listed. Cl^s^Uu« Berfrlnfiens was isolated 
fr^m 4 simples (2 fro« vegetable products and 2 from seafoods). 

Tabulation of data from procurement testing was tabulated; this data 
Jas been utilized when comments on proposed or revised food specifica- 
tions were necessary.  In addition, sufficient data for a variety of 
gioL beef product^ prepared sandwiches, and delicatessen salads 
?s available from the 1972 file on which to base recommendations. 

RECOMMENDATIONS AND CONCLUSIONS; 

utilized. 

PUBLICATIONS; 

Fowler. J.L.. P.B.  Ruckh.  T.G. Mumane and W.F. Ganz.    ^P0" <* 
A^aljses of 1972 Microbiological Data Collection Program.    USAMRNL 
Laboratory Report 339,  1973. 

„_„ N0    3 Experiment 1.    Microflora of Prepared 
STUDY NO.  3 Saladg ^ Specialty items 

PROBLEM: 

The Army and Air Force Exchange Service (AAFES) °«fcia}^ "^e8"d 

and executed; preliminary results were "P0'te< *" fe 1973 rep0rt' 
Completed analysis of the data has been accomplished. 

RESULTS AND DISCUSSION OF THE RESULTS; 

11 
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occurred In 15.6Z of the samples; coliform violations In 21.8Z of the 
samples; and yeast and mold vl.iatlons In 45.3% of the samples. On 
a combined basis, 56.3Z of the samples failed to meet AAFES micro- 
biological limits. 

In addition to In-house analyses, data froo 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 17.7% of the 
samples, coliform violations occurred In 10.0% of the samples, and yeast 
and mold violations occurred in 37.3% of the samples. E. coll was 
detected In 3.8% of the samples. 

RECOMMENDATIONS: 

1. The prefient 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 products; the Food 
Hygiene Division was requested to make recomiendations to OTSG 
concerning acceptable microbial flora.    Two 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 be formulated from the results. 

RESULTS AND DISCUSSION OF THE RESULTS; 

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

TYPE OF SALAD SPC*/g COLIFORMS/g COLIFORMS/g 
(plate method) (MPN** method) 

Mixed Green 13,000,000 9,717 40,282 

Cole Slaw 13,000 M10 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. 
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Z3.   (U) Tissues from animals subjected to physiologic stresses similar to those encount 
ered in military operations, nutritional deficiencies, etc., undergo a variety of 
structural changes.    Many of these are undetectable or poorly defined with light micro- 
scopy but may be visualized by electron microscopy (EM).    The broad objectives of this 
work unit were:(l) characterize the changes occurring under natural or induced conditions 
(2)  compare the changes with normal cellular morphology, and (3) correlate structural 
changes with functional changes and with the alterations visualized by light microscopy 
24 (Ü)  Tissues subjected to the above kinds of stresses were studied by EM and the 
ultrastructural morphology were correlated with routine histopathology on the same 
tissue;  this approach revealed changes not clearly visualized by light microscopy »Ince 
the identity and significance of structures poorly visualized could be confirmed with the 
electron microscope.    Sequential studies revealed processes or mechanisms and help 
relate structure  to functional changes which were observed.    Considerable experimentation 
ath  fixation, embedding and staining for EM examination was required. 
25 (U)   73 07-74 % Study 4:    Perfusion-fixed tissues from rats on eight different diets 
comprising two levels of calcium (high and low) and two levels of phosphorus  (adequate 
Mid low)  each with or without a Vitamin D supplement, were evaluated for a) bone ash and 
>one development,  and b) parathyroid and thyroid "C" cell ultrastructure.    Only two dlets| 
»roduced  severe rickets: high calcium,  low phosphorus. Vitamin D and  low calcium, low 
phosphorus, no Vitamin D.    One    roduced mild rickets:  low calcium,  low phosphorus, with 
mamin D.    Tenative electron microscopic results Indicate little change in parathyroid 
chief cell activity with diet.    More marked changes were observed in thyroid    C   cells. 
Ihls work unit is being terminated. 

U vmiImbtt to contrtclort i i ortHntloi*» «gpfowl 
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ABSTRACT 

PROJECT NO. 

WOSK UNIT NO. 

3A06110U91C 

054 

In-House Laboratory Independent 

Research 

I'ltrastmcture of Normal and 
Diseased Animal Tissue 

The folloving investigations have been conducted under this work 

unit: 

STUDY NO. 4 Light and electron microscopic analysis of dietary 
influence on the thyroid and parathyroid glands of 

bon*** of the rat. 

To test ths influecre of dietary calcium (Ca) and phosphorus (P) on 
the cytological state of the parathyroid and thyroid parafolllcular 
cells (C-cells), weanling rate were fed one of four diet coeblnations 
of 1.2X or 0.02X Ca and 0.3X or 0.02X P. One half of each diet group 
received oral supplsmsnts of Vitamin D. Deapite widely varying levela 
of serum P and serum Cs/P ratios, parathyroid activity, as Judged by 
cellular ultrastructure, was most closely correlated with the level of 
serum Ca. The C-cells showed depressed scfclvity only in the group with 
the highest serum Ca level, which was fed a P-deflcient diet. This 

work unit is being terminated. 
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WORK UNIT 054 Ultrastructure of Normal and 
Diseased Animal Tissue 

STUDY NO. 4 Lii;ht and electron microscopic 
analysis of dietary Influence on 
the thyroid and parathyroid glands 
and bones of the rat. 

PROBLEM; 

The maintenence of calcium homeostatsis in the mawnalian 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 caldtonln is stlmulsted by high levels of serum calcium. 

Since the initial description of the ultrastructural characteristics 
of parathyroid chief cells, nurarous 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 level. 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-celle, 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 calcium, 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 thi« study are presented In Table 1. 
Weanling rats were fed one of four diets for eighteen days: 
1.22 Ca and 0.02 P (ratio 60 to 1); 0.02Z Ca and .3% P (ratio 
0.06 to 1); .021 Ca and 0.02Z P (ratio 1 to 1); 1.2Z Ca and 0.3Z 
P (ratio 4 to 1). One 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 with 
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 cytologlcal 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 golgl 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 the 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 parafolllcular 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. 
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Parathyroid gland activity is directly related to serum Ca level. 
Phoaphorua, either In the diet or serum, oust have its influence, 
if any, on the parathyroid indirectly through serum calcium by 
influencing bone development and mineralication or via renal 
excretion and reaorption. Alternately, the ratio of serum calcium 
and phosphorua may be a regulating factor; however, in this study 
Ca/P is a direct reflection jf aerum calcium. Thyroid C-cell 
activity appears not to be stimulated by high calcium levels in the 
presence of Vitamin D and low phoaphorua. 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; 

NONE 
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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 varioua 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. Since their de- 
partures, however, they have been reducing data and writing manuscripts from data 
acquired during the preceding fiscal year. This work unit is being terminated. 
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ABSTRACT 

PROJECT NO. 

WORK UNIT NO. 

3A061101A91C 

059 

In-House Laboratory 
Indapandent Research 

Perforaance, Fatigue, and 
Exhaustion 

The principal Investigator responsible for this work unit 
resigned froa the Anqr during the first quarter of the fiscal 
year, hence he did not initiate any new studies. An associate 
Investigator who also resigned fro« the Any during the fiscal 
year, coapleted SOBS additional work on rehearsal and psycho- 
notor perforasnce. The results are currently being evaluated 
statistically and when completed a report will be written. 
This work unit is being teralnated. 
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BODY OF REPORT 

WORK UNIT NO.   059 Performance, Fatigue, and 
Exhauation 

I 

STUDY NO.      6 Rehearsal and Psychomotor 
Performance 

i 
Because of the transfer of function from the Medical Research end 
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 
work unit, once they have completed data analysis and manuscript pre- 
paration. Such reports as they are received will be processed through 
nomal 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 collected from 23 subject volunteers to 
assess the efficacy of rehearsal for maintaining performance of a 
psychomotor skill under conditions of distributed practice. Again, 
mental rehearsal interfered with the retention of a target-tracking 
task. 

CONCLUSIONS AND RECOMMENDATIONS; The data evaluation and manuscript 
preparation should be completed. 

PUBLICATIONS; 

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

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

2. Sterner, R.T.: An inexpensive periodic scanner for obtaining 
multiple analog measurements with s 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, Newnan-Keuls 
or Scheffe' mean comparisons.  (Laboratory Report) 

4. Weiser, P.C., Kinsmen, R.A., and Stamper, D.A.:  Task Specific 
symptomatology changes resulting f~om prolonged submaxlmal 
bicycle riding. Med. Sei. Sports 5: 79, 1973. 
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23.  (U)  It is hypothesized that Vitamin D is 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 rf ^ation* P" "^ 
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 hospitalizaticn 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. ,  , .,   .  n  J „„ ..u** 
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 ot 
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. 

DD™:mU9S 
PRKVIOU«  BDITION« OF  TMI» PO«M AH« OBtOLKTK.    OD  rOHM«  I ASIA.   1   NOV •• 
ASS UM-I     '   MAPet (FOR   ARMY   US» AH« OBSOLBT«. 
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AnSTHACT 

PROJIXT NO. 3A161iniA91C In-House I.aljorntory Dependent 
Research 

WORK UNIT NO. 060 Vltanin I), Calcium and Phosphorus 
Metabolism 

The following studies have been conducted under this vorV unit in the 
current fiscal year: 

STUDY NO.  ?. Assay  for Hunan Calcium Rindir" Protein  (Ca»P) 

Human Renal CaBP purified during FY 74 was used to prepare antibody 
(Ab)  to the nroteln,  prepare        I  labeled CaBP, and as  standards to 
set up a radioiranunoassay for human CaBP.    Results of a preliminary 
studv demonstrated that human intestinal biopsy homognaates competi- 
tively inhibit        I labeled CaBP bindinf» to the Ah and thus provides 
a means of determininf» relative amounts of CaBP  in such specimens. 

Also,  additional human renal CaBr has been purified in  the current 
fiscal year and a preliminary amino acid composition of  the purified 
material is reported. 

STUDY NO.  4 Electron flicroscopic Localization of CaBP  in Hunan 
Intestinal Mucosa 

Calcium-hindinR protein  (CaBP)  was  localized with  peroxidase-labeled 
antibody in human jejunum and kidney, and in kidney and pancreas of 
several animal species.    The protein vas associated with  plasma mem- 
brane and intercellular snace of jejunal absorptive cells.     It was 
present in a specific population of renal tubule cells  and  in pan- 
creatic islet cells.     Imnunohistochemical staining of intestinal 
CaBP with antibody to renal CaBP indicates structural sinlliarity 
between the two proteins despite their different molecular weight. 
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ßODY OF "ITORT 

WOrK inilT NO.  060 Vitamin 1),  Calcium and Phosphorus 
!fetabollstn 

STlfOV NO.  2 Assay for ilunan Calcium Binding 
Protein   (CaBP) 

PHORLKH; 

According to a USDA study in 1965,   the three commonest  deficiencies 
In the American diet are vltanln A and C and calcium.     It is  quite 
llkel" that dietary calcium deficiency is at least partially respon- 
sible for the fact that volunteers or inductees  enterinp military 
service have a need  for «.5 tooth  restorations  per man.     Also, 
milltarv nutrition surveys conducted by this laboratory reveal a 
dietary 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 im- 
pact of dletarv 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 radioisotopic 
tracer techniriußB  are not possible because of objections  to  the 
radiation exposure.    However,  a calcium binding protein  (CaiJP)  has 
been reported in the.  intestine and kidney of man and various  other 
snecies.    In the  chick,  the capacity of the intestine to absorb 
calcium is related  to  the concentration of CaBP.     The nrlmary 
objective of this studv is to develop an assay for CaBP which is 
applicable to hum&n duodenal and jejunal biopsy specimens,   thus 
providing a means of monitoring Intestinal calcium absorptive 
capacity in man.     Such  an assay  is  an Important  prereoulsitc to 
tho study of means  of preventinc decalcificatlon and promoting 
calcification in appropriate clinical situations. 

RPSHLTS AMT)  niSrUSSION  OF THE KESULTgj 

Additional human  renal CaBP has been purified by  the methods  deve- 
loped  In FV  7A.     Antibody   (Ab)   to CaBP was made  in  rabbits  an^jihe 
IgO isolated by   (^l.^SO     precipitation.     A standard  dosp  of     "  I 
CaHP was incubated wlth an Ab  dilution so that  the bound/free ratio 
was  approximatelv  1.0.     Non-labeled0CaBP and human intestinal biospy 
homogenates  competitively  inhibit        I labeled CaBP binding  to the 
Ah,   thus providing  the basis  for the radioimmunoassay  in  the  range 
of 0-20 ng CaBP/tube with  5 ng/tube readily detectable.     Samples 
wnre Incubated in  .01 r tris,   .12 M NaCl,   .(^ !' KC1   and 0.2" Nal^ 
for  72 hrs;  after which  the bound and free I were nenarated by 
CTH.). SO    precipitation.     In a prcliTninarv  study,   n subject  fed 
200 mg calclum/dav  for 14 days had CaBP concentrations  of  1.5,  0.2 
and O.f  np CaBP/ug protein in the heat treated duodenal mucoral 
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Vitamin D, Calcium and Phosnhorus Metabolism (Cent) 

TABLK 1. 

Amino Acid Composition of Human Penpi. CaRP and Chick Intestinal CaBP. 

Residues/mole  

Amino Acid Hunan Renal CaBP Chick Intestinal CaBP 

Alanlne 15 17 

Arglnine 6 S 

Asnartate 30 3A 

Cystine 3 3 

Clutamate 37 44 

Clycine 1^ 13 

Hlstidlne 5 3 

Isoleudne 9 11 

Leuclne 2fi 31 

Lyslne 17 21* 

Methlonine A a 

Phenylalanlne 11 13 

Prollne 8 3 

Serine 11 0 

Threonlne 12 o 

Trvptonhan not determined 
o 

Tyroslne 5 8 

Vallne 7 5 
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Vltanln D, Calclun and Phosphorus I'etabolism (Cent) 

CONCLUSIONS: 

A radlolmmunoassay for determining relative concentrations of CaBP 
in human intestinal biopsies is feasible. 

RECOMMEMDATIOnS: 

1. Continued application of the CaBP radioinmunoassay  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 
antibody which would improve the sensitivity and specificity of the 
.is say. 

3. Initiate studies  to determine the amlno acid sequence and chemical 
characteristics of CaBP as  a means of gaining Insight Into the basic 
mechanism whereby CaBP alters  the efficiency of calcium absorption, 

I'UBLICATIO'TS: 

1. Morrissey, R. L. and n. F. Rath. Purification of Human Penal 
Calcium Blndinji Protein from Necropsy Specimens. Proc. Soc. Expt. 
Biol. Med.  145;    699-703,   197A. 

2. Morrissey, R. L.,  r>. G.  Lufkin,  T. J.  Bucci and R.  H.  Herman. 
Radioinmunoassay for and Cellular Localization of Human ralcluro 
Binding Protein.    Fed.  Proc.   33(3):     714,  1974  (Abstract). 
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Vitanln P,  CaTciun and Phosphorus "etahollsn (font) 

STUDY ITO.  4 Electron Microscopic localization of 
of CaBP in Human Intestinal Mucosa 

rROF.l-El': 

It is anticinated that the problem outlined above (S'r-7)  can be 
pore readily dealt with if the mechanism and route of intestinal 
calcium transport are known.    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,  usinp, the 
fluorescent antibody technique in chicks.    However,  the resolution 
of the  technlquft was not adequate to demonstrate the presence of 
CaBP in or between intestinal absorptive cells.    More recently, 
Uasserman has renorted that lanthanum cormlexes with C.aV,? avidly. 
Also,  electron dense particles  can be demonstrated in the  inter- 
cellular space of intestinal mucosa nredosed with  lanthanum.     It 
was not known whether CaBP was  Involved in this route of  transport 
or whether calcium was transported via this route.    When Ab  to human 
renal CaBP became available as  a consequence of ST-2 of this work 
unit it became possible to  localize CaBP in human tissues by  the 
poroxldase-labeled antibody technique and thus determine the possiLle 
merit of the hypothesis  that calcium is absorbed by nassinp between 
intestinal cells rather than through  them. 

RESULTS AND DISCUSSION 0^ RESULTS; 

The laboratory methodology for conjugating horse radijh neroxidase 
to antibodies has been mastered and neroxidase conjugates of sheep 
anti-rabbit Raima globlin and rabbit anti-CaBP garama globulin have 
been prepared. 

Blonsv specimens of normal human jejunum wero obtained with  a Crosby- 
Kugeler capsule and fixed in paraformaldehyde.    Upon staining,  the 
presence of CaBP was indicated by brown reaction product in the inter- 
cellular space around absorptive cells of the villus  tips.     It was 
associated with the lateral and basal plasma meirhranes,  but   there 
was  little in the mlcrovlllar region of the epithelial   cells.     Re- 
action nroduct was also present in the basement membrane region 
honnath  absorptive cells.    There was no reaction product within the 
cytoplasm of absorptive  cells. 

Tho same  technique was  employed to localize CaUP in kidney  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 proxlrial  and 
distal  tubules contained CaBP,   suggesting a non-random distribution. 
CaBP was  also present inconslstantly in cells of straight segments, 
collecting ducts,  and in thin loops deep in the papilla.     Sections 
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Vitanin D,   Calcium and Phosphorus  retabollsr  (Cont) 

of positive tubules  contained cells wif^   reaction product  In  cyto- 
plasn or nucleus, or both.    Cell membranes and brush borders were 
consistently stained In oosltlve cells.     Completely unstained cells 
were present Immediately adjacent  to positive ones.     No reaction 
product was  present in blood vessel walls.  In cflls  of the  plomc- 
rulus, or in basement 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  chan!>lnp 
functional states remains  tc be shown.     Nevertheless,  the  distribu- 
tion implies  a degree of heterofreneity amonf» renal  tubules v/hich 
has not been demonstrated previously.    The variable nuclear stalninp 
in renal tubule cells raises  the possibility that CaRP mipiht function 
as  a regulator of gene e:cpresslon 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 product was distributed Intracellularly in a majority 
of  the islet cells and th« nuclei were unstained.    The distribution 
of the labeled cells and the coarse granular pattern of the reaction 
product within cells  suggests  that  the CaRP Is associated x/ith  Beta 
colls,     i^xocrlne tissue of  the pancreas  did not contain CaBP.     A 
relation between calcium horaostasis  and pancreatic  function has 
been suggested by earlier reports.     Previously reported methods had 
not demonstrated CaBP  in pancreas,  but a  relatively hiph  concentra- 
tion of calcium in pancreatic  Islets lias been reported. 

CONCLUSIOMS: 

1.       The presence of CaBP  in Intercellular spacer,  adds sunnort  to 
Wassoman's  proposal of a "paracellular"  component  for Ca-H- trans- 
port.    The  apparent contradiction between our results  in human 
intestine and  the results of Baylor and Wasserman in chick  intestine 
could bo due to either species  differences  or technintie differences. 

?.       Rased on the above innunologic evidence, CaBP  is quite probably 
a  component  of nnncreatlc  tissue in spite of earlier negative  reports. 

3.        CaRP  is   only present  in  a  United subpopulatlon of  renal  tubules, 
rather than  In a portion of  all  tubules  as was prevlouslv supposed. 

As  investigator and technical support nersonnel became available, 
studies with  the following objectives should be Initiated: 

1.       Chemical characterization of purified human renal CaBP;   including 
amlno acid seouenclng,  determination of  the calcium binding constant 
and number of calcium binding sites per molecule,  S-S bridge potential, 
and possibilities for subunit organization. 

30 



■«»■•*"■v-i-w ...,.,,., „—.«-..-    "  "09 

Vitamin D,  Calclun and Pliosphorus I'etabolisn (Cont) 

2. The Influence of nutritional and metabolic factors on  tbe 
nuclear staining pattern of renal cells should be determined in 
order to assess the possibility that CaBP  is  Involved in tb«» regula- 
tion of gene expression In those cells.    Tho factors should include 
high  strontium diet,   low calcium diet,  vitamin ^ deficient  diet, 
vitamin 1) toxicity,  renal perfusion with varying concentrations 
of KDTA,   renal perfusion with varying concentration of calcium, 
renal perfusion with strontium, parathyroid hormone injection, 
parathyroidectoray, 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 bone in order to 
chemically demonstrate its presence in these tissues. 

4. Electron microscopic studies  should be  conducted to more 
precisely localize CaBP within cells. 

5. Studies should be Initiated to determine the role and  function 
of CaBP in pancreatic islets and find the connection,  if any, between 
osteoporosis  in diabetics 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. Bucci,  T.  J., R,  L.  Morrissey,  U. W.   Erapson, Jr.,   and C.  G. 
Plopper.    Immunohlstochemical Localization of ralclum-Binding 
Protein in Jejunum, Pancreatic Islets and Kidney.    Am.  J.  Path. 
74:     83a,  1974  (Abstract). 

2. Morrissey,  R. 1..,  T.  J.   Bucci,  R.  N.   Hmpson, Jr.,  and E.  C. 
Lufkln.     Cellular Localization of Calcium-Binding Protein.     Proceed- 
ings of the 1074 Army Science Conference.     In Press. 

31 



RESEARCH AND TECHHOLOCY WORK UNIT SUMMARY 

73-07-01 
4   KINO OF tUMMAHV 

D.   Change 

10 MO./cooes:* PROOHAM CLCMCNT 

t   »MIMIkRT 

b.xflmmoxMK 
c.  COMTXHUTIMO 

II    TITL 

61101A 
611Q1A 

t. «U1WAIIT »CTV*^ i. WO«« MCUW 

^>öiiIe^>cetMiöir 

DA OC   6813 
?. ntOIKkOIHG* 

pRojecT NumacM 

3A1M101AqiC 
UQ61101A9IC 

NA 

i^TT^^üiiSIiiv* 
74-07-01 

I«. OMrN INiTH'N 

NL 

TASK AREA NUMBCR 

_üü. 
00 

mmpOKr coitmoL irmmtL 
DD-DR*E(ÄR)tJ6 

•h. tPECiric OAT»- 
COHTKACTOP ACCCM 

B YtJ D HO 

t, LCVCL or (UK 

A.   WORK UNIT 

WORK UNIT NUMOCR 

J3& 

«fP-«.*»iKii.c»rtf,ci~.in"«-«c^.j*    jyj  Development of a Rapid  Clinical Procedure  for Assessing 

RTnod-Oyyg^n  Affinil-.v Curves tüSl  
11   ICItNTinC AND TCCHNOLOGICAL. ARIA^ 

003500 - Clinical Medicine 
TTr'AUT DATl ' 

07  09 
17   CONTRACT/ORANT 

A OATH/irHCTIVt: 

h. NUWWCR:* 

c  TYP«; 

». KINO Or AOAKO: 

U. ftTIHATIO COMPLCTION OATC 

CÖNT 

NA 

IXPI RATION: 

d AMOUNT: 

f. CUM.  AMT. 

II   ■«POMIIWLI DOOOROAMIIATION 

MANE;«  Letterman Army Institute of Research 
Presidio of San Francisco, CA 94129 

AOORKU:* 

HtJPOMSIRLt INDIVIDUAL 

Canham,  J.E.,   COL MC 
415-561-3600 

NAHE; 

TILCPHONC: 

II    OZHIRAL Uli 

Foreign Intelligence not Considered 

!!. KIVWOROS (■P««* B*iH -J* S***!* ClAMI»«»"«" «J») 

It. rUNDIHO ACCNCV 

DA 1 
It. RCtDURCK IITIMATI 

ntcAt 

VIAR 

»Meiftiu« 

74 
rommn 

75 

I«. PCRPORMAMCI HITHOD 

C.   In-house 
A PROPIHIONAt. HAN VRI k rUNH ffn •tawa»*> 

40.3 

32.0 

I W. PtRrORHIMOORHANIIATIOM ! 

NAMi:*   Letterman Army Institute of Research 
Exp. Surg. Div. 

ADORtu:* Presidio of San Francisco, CA  9412? 

PRINCIPAL IHVtITIOATONfP"«"!«» MAW I'V.l. Ac«#mlc ll-llt*U—) 

NAMI:»    Neville,  J .R. 

TILCPHONC:    415-561-4714 

SOCIAL tCCURI -V ACCOUNT NUMWR:       6  

AUOCIATC IMVCt' lOATORt 

NAMI: 

NAMC:  DA 

(U)Blood oxygen affinity;     (U)Blood-gas transport;      (U)Arteriosclcrotic heart disease 
2.   TCCHNICAL O.JCCTIVC*   JA APPROACH.    ».  PROORCU fP-"« I-"*-'»•'•«^" '—""•* »- «»»*   "•"* ' —* "• »«""•' ««.<•..«« C—., 

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 
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(1) develop and evaluate a simple and  reliable means  to measure blood oxygen affinity; 
(2) discover practical  agents for manipulating oxygen affinity during hemorrhagic  shock 
and physical performance. 

24. (U)   Becaurc available technigues 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  in vitro to 
assess potential  in vivo modifiers of oxygen transport. 

25. (U)   130 additional  patients   from LAMC  have been tested with the oxygen affinity 
technigue 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 Laboratory Independent 
Research 

WORK UNIT NO.    386 Development of a Rapid Clinical 
Procedure for Assesaing Blood 
Oxygen Affinity 

A new technique has been developed to measure blood oxygen affinity 
that has several advantages compared to older techniques. This 
technique has been used to investigate oxygen affinity in laboratory 
animals and humans, including several hundred patients with various 
pathological conditions. With normal laboratory finimals 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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BODY OF REPORT 

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 techniques 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 adenoslne triphosphate    ATP)  ^ »0*W°8 
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 
earlier  techniques are unnecessary.     Because alterations of 
erythrocyte DPG levels have been shown to occur rapidly under 
.•onditions 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 
output using the Pick 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 yielded 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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Development of a Rapid Clinical Procedure for Assessing Blood Oxygen 
Affinity (Cont) 

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 to 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 is 
delivered from the low end of the dissoriation curve.    The pre- 
viously reported effect of the tranqullizers 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. 

C0NCUJSIONS: 

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. 

RECOMMENDATIONS: 

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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AISTPACT 

PROJECT NO.     3A16110U91C   In-House Laboratory Independent 
Research 

VWRK UNIT NO.        387 Pathogeneais of Colifor» 
Induced Colitis In Mice 

Investigations of collfora-lnduced murlne chronic colitis described 
In FY 73 continued.    To detentlne whether Infectious cultures of 
Cltrobacter freundll (ANL) were conta-lnated with filterable agents 
(viral), and these were the causative agent rather than the collform, 
cultures were disrupted by sonlcatlon and free«e-thawlng followed by 
ultraflltratlon.    The filtrate, which contained no viable bacteria, 
was not Infectious. 

To explore the host range of the collforn, it was administered to 
weanling rabbits and haiMters in doses highly infectious to mice. 
No evidence of clinical or pathological changes were produced. 
These studies indicate that intact Cltrobacter freundll are necessary 
to produce infection in mice, and that the organic 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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BODY OF REPORT 

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. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Cultures of Citrobacter freundii (ANL) were washed in saline and 
disrupted using sonicatlon and freeze-thaw methods followed by 
filtration through a 0.A5 micron HA millipore filter.    Weanling 
mice were exposed by gavage.    No clinical, gross, or microscopic 

f 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 of man. 
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Pathogeneals of Collform Induced in Colitis in Mice (cont) 

RECOMMENDATIOWS; 

Recomend this study be temlnated following critical exauiinrtion 
of 1-micron sections to evaluate light microscopic changea and to 
determine requirement for electron microacoplc study of tissues 
already collected. 

PUBLICATIONS: 

Ediger, R.D., Kovatch, R.N. 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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ABSTRACT 

PROJECT NO. 3A161101A91C In-House Laboratory Independent 
' »search 

WORK UJIT 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 quantl- 
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)  Chemotactlc Activity 
to Inflammatory Periodontal Diseases 
in Military Personnel 

PROBLEM; 

The objective of  this investigation was  to evaluate in vitro neutrophil 
(PMN)  migration (chemotactic activity)  resultlnR 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. 

I Our hypothesis  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. 

f 
This hynothesis was  tested by  comparing the level of PMN chemotactic 

I activity of fresh serum,  whole  human saliva,  parotid  fluid and various 
I combinations  thereof.     Five healthy  individuals served  as  experimental 

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

I 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 30 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. 

c. The serum was  removed from the clotted blood and  frozen 
if not used immediately. 
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(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 WBC 
chemotactic activity of various reaction mixtures. 

Chemotactic Test Substances 

(1) Bacterial CTX (whole sterilized saliva) 
(2) Endotoxln activated serum 
(3) Heat  inactivated serum plus endotoxln  (control) 
(4) Whole saliva plus serum 
(5) Heat Inactivated scrum 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 370C, 
5 percent CO.,  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 slides.     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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I (Cont) 

| Test Substance PMN Chemotactic Activity 

41 + 5 
6 + 2 

142 + 30 
71 + 23 

239 + 54 
359 + 51 
311 + 52 
341 + 43 

8 + 2 

Serum 
Parotid fluid 
Serum + parotid fluid 
Heated serum + parotid fluid 
Saliva 
Serum + saliva 
Heated serum + saliva 
Serum + endotoxln 
Gey's medium 

Previous  studies  have estabished  that  products  from bacteria  in saliva 
are cr.emotactic for PMNs and that parotid fluid does not exhibit chemo- 
tactic activity.     Fresh serum activated bv antigen antibody complex 
(IgG and IgM),  endotoxln,   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 reaction 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 endotoxln with serum.     Heat  inactiva- 
tlon of  serum resulted in a reduced PMN chemotactic activity  following 
reaction with either endotoxln or whole  saliva.     The minimal  activity 
produced by parotid  fluid  is  not  considered blolop,icallv significant 
and  is  nerhaps  due  to coataminatlon.     Whola  saliva reacts with  serum 
to produce marked PMN chemotactic activity.     This  reaction  is  of 
possible significance in wound healing jf 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 is  of possible significance  in  the early migration of 
PMNs  in oral wounds  exposed  to various  oral secretions. 

RECOMMENDATIONS; 

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. S3: 176, 1974 (Abstract). 
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and Induction of division as an approach to enhancement of wound healing. 
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25  (n)  73 07 - 7A 06  Shaling experiments to produce cells in the mitotic state only 
pave ylolds of up to 30 percent. Transfer of the principal investigator precluded 
further experiments to improve cell yield and the worl: unit was terminated. 
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PROJKCT NO. 3A061101A913 In-IIouse T,aboratorv Indenendent 
Research 

WORK UNIT NO. 391 Sone Effects of Hypertonie Medium 
on Cultured Mammalian Cells 

The follovrlnp Investigation was started under tMs work unit: 

5TUPV HO.  1      Changes In mitotlc Index of mamnaliar cells effected 
by hypertonic treatment 

Study No.   1:     Shake exnerlments designed to yield synchronous Chinese 
hamster ovary cells with a mitotic index greater than 907 Rave  less  than 
optimum yields.    Further experiments  to improve the yield were precluded 
by  loss  of the principal Investigator and the work unit was terminated. 
Use of the specialized cell culture enulpment purchased for this work unit, 
was provided to the Clinical Investigation Service,  T.AMC under terms of the 
IAIP - LAMC Intraservlce Sunrtort Agreement. 
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WORJ: UNIT. 3*11 Some Effects of Hypertonie Meriiim 
On Cultured üanmalian Cells 

STIIliv NO.  1 ChanRes in Mitotic Index of namnalian 
Cells Effected by Hypertonie Treatment 

PKORLEM;  The ability to control cell proliferation is especially important 
In wound healing.  Wounds made in the skin of Rhesus monkeys respond by 
shwinp an increase in the number of epidermal cells underpoinjr mitosis. 
The mitotic rate is not uniform, but proceeds in waves as if the cells 
were nartiallv synchronized. This study was designed to first establish 
a method of synchronization to yield large numbers of cells in one phase 
of the cell evele, then to quantltate changes in cell size and mitotic 
Index effected by hypertonlc treatment. 

RESIT/^ Aim 1^180^510^ OF THE RESULTS; * cell line, Chinese hamster ovarv, 
uas estaMlshod under laboratory conditions. Shake exnerlrents gave vields 
of onlv up to 307 mitotic cells. Further experiments to innrove cell yield 
ended vlth the loss of the principal Invostinator. 

ro'TEOfllO!:^!  The study ended In the developmental sta<re, no conclusions 
can be drawn and the vork unit was terminated. 

PITHJCATI^IS : None 

i- 
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23       (U)  Ocular trauma and  foreign bodies are a tragic af ^"^V* ^^ wi^in 
widely used metals,   iron and copper,  cause damage  fro. ^^^^f^1"^^: ^nsid- 
thc eye.    7-e-^y --jcal  re.^ ^ 

ZlTyZ Te^r^e ZTSLlll'Tt these .et^s would -eatly enhance the care of 
tl.ese  injuries,   since  this care could be administered even at the first level 

medical care. 

?4        (U)   Rabbits will   receive  chemical challenqcs with copper  or  iron.     The  response  of 
treated v^ufnon-treatod  eyes wxll  be determined  using clinical and  ^ctrophysioloo- 
xcat criteria!    Removal  of copper   fro. the eye will   bo determined ^^"^f^!, 
copper      Deteiopment of a  simple  treatment  regimen  will  bo  based upon  the rabbit model 
ano  confirmed  in  sheep and possibly monkey models. 

05       (U)  Excretion of  intra-ocular  iron and  its enhancement  by Desferal treatment has 
^en do u^d  in rabbits.     Since maximum removal  rates of  2 -crograms per day were 
Sund,   the removal of  iron  foreign bodies by this method appears ^^ ^' ^^pp-r. 
nrevention of  further  siderotic changes until definitive care is available  "^ ^ 
feasible      Currently,   electroretinogram  facility has been developed and its  ^ « * 
c'ter  a of ocular d^age from  iron is being  investigated.     A more "^;c

i^e
Crlteria 

^he visual evoked  response   (which assesses  the entire visual   system) ,   should be 
developed for ocular damage assessment. 

*A*mllmt»l« >■> vontf^ctar^upa^ortäi ortätotiof* mpproval mi DDHJ498       ^^'Z^o^^lXVX^r -  ' - " 
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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 Desferal 

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 mlcrograms 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-Ef flcacy by various 
routes of administration. 

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 urinary Iron In patients with Iron 
foreign bodies treated with Desferal. The origin of this Iron Is 
uncertain, however. 

RESULTS AND DISCUSSION OF RESULTS; 

Radloactlva 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 she. a 25 fold 
Increase In urinary radioactivity In treated animals over controls, 
but this total amount was less than 2 mlcrograms 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. 

RECOMMENDATIONS: 

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

PUBLICATIONS; 

None. 
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Deferoxamlne-Efflcacy 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-conjunctlvally or retrobulbar). 
No one route has been shown more beneficial. 

I RESULTS AND DISCUSSION OF RESULTS; 
i 

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 is adequate, convenient, and reproducible. The 
retrobulbar route is too hazardous to suggest its routine use, 
despite a slight increase in effectlvlty. 

RECOMMENDATIONS; 

Due to its ease and reproduciblllty, 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 
slderosis should receive the major consideration. 

This work unit should be expanded to look at the broader problem of 
metallosls. A parallel study involving Penlclllamlne 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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23. (U)   To determine normal  lacrimal gland dynamics with gallium.    A reproducible 
uptake of gallium in the lacrimal gland will allow  (1)   the assessment of the affects 
of lacrimating agents   (CS,  CN)   and   (2)   scanning of the gland in military trauma cases. 
Both of these possibilities will be useful in future work. 

24. (U)   Rabbits will be  injected with gallium 67   (70 microcuries/kg-avg.  human dose) 
and lacrimal gland activity monitored on the LAIR camera.     Mechanical corneal abrasions 
will be utilized to induce tearing in some animals.    Animals exhibiting lacrimal gland 
gallium uptake will have  gallium concentration in the tears measured by collection of 
tears on filter paper and well counting. 

25. (U)   Reproducible differential  lacrimal output by  the  two eyes of a single rabbit 
appears  feasible by mechanical or chemical irritation.     The study has  not proceeded 
beyond this point due to the  LAIR gamma camera dysfunction.     With the move completed, 
at  least a pilot study is hoped for even if the computer portion of the camera remains 
inoperative. 

l*Av«ll«Me lo contrmitatt upen orig^t»tor^9_J££to_ 

DD,:rJ498 PREVIOUS   EDITIONS   OF   THIS   FORM   ARE   OBSOLETE       DO   FOR*i   I4B8A     1    NOV   SB 
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ABSTRACT 

PROJECT NO. 3A161101A91C        In-House Uboratory 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 Induction 
and Collectior. 

A rabbit model for differential lacrimal output in the two eyes has 
been established. Chemical irritation and collection of secretion 
on modified filter paper strips allows analysis of lacrimal gland 
function. Further developemtn awaits repair of the gamma camera. 
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BODY OR REPORT 

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. 

RESULTS AND MSCUS^IONjOF RESULTS: 

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. 

INCLUSIONS: 

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. 

M C(»ßffi M ATJLON S: 

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

PU BLICATIONS: 

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 ther- 
apy.     This effort 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. (n)   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 
üurveys  are being  conducted to determine base-line values  in blood  from groups of rats 
and  human volunteer.s.     Blood from LAMC patients  has also been tested  to assess possible 
patho1ogic  changes.     In vitro and  in vivo  tests of the effect of drugs on deformability 
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  R 
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 r-sponse to 
hemorrhage.     Further work  is required  to assess sources of variability  in  the deform- 
ability   test. 

*Ar*llmhl» to conlraclora uponorIA OjjJRlAlg^l ARPTOW/ 
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ABSTRACT 

PROJECT NO. 3A161101A91C In-House Laboratory Independent 
Research 

WORK UNIT NO.      394 Metabolic and Microcirculatory 
Factors In Hemorrhaglc  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 through 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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BODY OF REPORT 

WORK UNIT NO. 394 Metabolic and Microcirculatory 
Factors in Hemorrhagic Shock 

STUDY NO. 1 Blood Deformability: its Measurement 
and Significance 

PROBLEM; 

Cardiovas-.ular 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 
ramificationa 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  in 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 adaptiventss 
(deformability) or perfusion effectiveness;   :)  this deterioration 
plays a part in events leading to irreversinle chock; 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  is 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 huffy 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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Metabolie and Microclrculatory 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-k 
is needed to bring such variability under control.  It is a reirarkable 
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 relationships 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 in 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.  There is presently no valid way 
of inferring the quantitative significance of the differences in 
deformability that have been observed, much less the clinical 
implications 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. 3A061102B71P        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 Array 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 0.  D. Taunton has been accepted for publication in the 
Journal of Laboratory and Clinical Medicine. 
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23. (Ü)    Fundamental research is directed towards present or potential military 
problems concerning nutrition and metabolism and the role of diet in health and disease. 
Environmental factors,  such as altitude and cold,  have a marked effect on nutrition and 
metabolism.    Because  of the military implications of such adverse effects,  an under- 
standing of the effect and means of avoiding or correcting the conditions is a major 
objective of the investigations.    Techniques will be developed and Investigations con- 
ducted that will provide knowledge as to the metabolism,  utilization or functions of 
dietary nutrients  that may be  utilized in applied  studies  in military ration development 
and troop  feeding. 
24. (li)    The significance of dietary and environmental interactions and their relevancy 
to human health and the adequacy of military rations will be studied.     The effect of 
diet,  altitude,   cold,   exercise  and stress on protein metabolism will be determined 
through  the  use  of defined diets and radioactively  labeled amino acids.     Metabolic 
products will be  studied which may be responsible  for decreased physical or mental 
performance at altitude.    Alteration in subcellular components necessary for protein 
svnthesis  as  related  to dietary composition will be  Investigated.     Experiments will be 
developed with  laboratory animals to study the influence of minerals and their  inter- 
action with other dietary nutrients on promoting  the healing of bone injuries as may be 
sustained in combat or on the prevention of renal calculi  as occurs in troops  in a hot 
climate. 
?5.     00     73 07 -  74 06    This work unit was  Inactive during the past year due  to the 
loss of senior investigator,    A replacement senior investigator has recently been 
employed and necessary equipment and supplies have been procurred to initiate studies. 
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ABSTRACT 

PROJECT NO. 

TASK NO. 

WORK UNIT NO. 

3A061102B71P 

01 

060 

Basic Research in Support of 
Military Medicine 

Biochemistry 

Basic Studies of Nutrition and 
Metabolisra 

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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Mineral Metabolism - The Require- 
ment of Trace Minerals in Man 
Under Various Stresses 

Selenium Metabolism 

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

The Effects of Selenium and 
Mercury Upon Their Binding to 
Plasma Proteins 

The Effects of Dietary Methlonine 
Supplementation Upon Serum 
Selenoprotelns 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 blllrubin values, 
serum glutamlc oxalacetlc transamlnase activity and liver histology 
Indicated that the Se deficient diet was leas 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 mercury exposure on tissue and whole-body 
retention and excretion of ^Hg in rats fed either selenium de- 
ficient or adequate diets.    Mercury levels   (203HgCl) 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      ^Hg in rats fed both 0.5 ppm 
selenium and selenium deficient diets.    Prior exposure to mercury 
caused an increased      3Hg output in urine.    Based upon whole body 
203Hg retention measurements, whole body loss of  203Hg 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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Study No.  08.    Fifty male weanling rats «ere assigned to each of 
four groups: 1) Control - fed a vitamin E supplemented 25% torul.% 
yeast basal selenium deficient diet; 2)  selenium supplemented - 
receiving the basal diet plus 0.2 ppm Se ss sodium selenlte; 
3) methionine supplemented - consuming the basal diet plus 0.8% 
methionine, and 4} methlonine-selenium supplemented - fed the 
basal plus the above levels of both supplements.    After 4, 7, 10, 
13 and 16 weeks,  two rats from each group were injected with 
50 uci of 75Se.    Twenty-four hours later, these animals were ex- 
sanguinated and the plasma used to determine protein binding of 
the selenium tracer.   After the same feeding times, six rats were 
Injected with 1 yci of 75Se to measure urinary and fe:al excretion 
of the tracer for 10 days, whole body retention for ?5 days, and 
organ distribution of 75Se at 35 days.    The proteins and radioactive 
tracer distribution in plasma were very similar in the four dietary 
groupa.    Whole body retention «as reduced to 15% of the Injected 
dose in the animals receiving selenium supplemented diets, and was 
70% of the dose after 35 days in the selenium deficient rats. 
Methionine did not affect excretion or whole body retention of the 
tracer.    The older animals that had been fed diets for a longer 
period of time retained more "se than the younger rats. 
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WORK UNIT NO,   061 Mineral Metabolism 

STUDY NO.      06 Liver Pathogenesis 

PROBLEM; 

Selenium toxiclty causes irreversible liver damage, jaundice 
and anemia.    This study was designed to examine the time course 
of the toxiclty syndrome and the effects of different dietary 
levels of selenium (Se) upon its' development,  after the initial 
induction of 6 days on a 30 ppn Se diet. 

RESULTS AND DISCUSSION OF RESULTS; 

The selenium induced liver damage was examined  in a study of 131 
male Holtiman rats. The control group of 30 rats were fed a 30% 
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 dally 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  (supplemented with 0.5 ppm Se).    Two 
control,  2 toxic,  3 toxic-deflclent 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 bllirubln and 
glutamic oxalacetic transamlnase  (SCOT) 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 weight. 

SCOT activity remained at about 200 mill-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 Lillrublns 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 blllrubln levels between 3 and A 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 blllrubln levels, while those 
switched 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-sonal toxic hepatosls.    Rats 
removed froc the toxic diet to the deficient diet showed 85* with 
disseminated individual hepatocellular necrosis and 44% 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 T1»6 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 toxlcities.    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 HgCl2 in 
the drinking water for an additional 14 days.    Six rats from each 
treatment were injected subcutaneously with 1 yci      JHgCl2 In 
saline for experiment A.    Urine and facts collection with dally 
whole body gaimna counting was performed for 14 days.    Tissue con- 
centration of 203Hg was determined in experiment B.    Five rats 
fro-n each of the 4 treatments were Injected subcutaneously with 
100 uci 203HgCl2 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 
Intraperltoneally with 10 pel of H2

75Se03 in saline and subcutan- 
eously with 10 uci of 203HgCl2 in saline. Urine and faces content 
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of 75Se and 203Hg 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 36.5% in selenium rats.    Rats 
on the other two treatments retained approximately A0 to 50% of the 
dose.    Basal rats ingesting Hg had large  (20.2% of dose),  rapidly 
declining amounts of  203H« excreted in the urine.     Selenium ingest- 
ing rats had increasing 2ö3Hg excretion through day 9  (5.2% of ^ose 
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 fecal losses.    Selenium treated rats in experiment 
B had a greater 2"3Hg content in the tissues than basal rats.    Hg 
Ingestion tended to lower tissue retention of 203Hg as compared 
to rats rot receiving HR.     In experiment C, basal rats excreted 
20.2% of the injected 2Ö3Hg in the first collection of urine which 
declined each collection while selenium rats excreted ^UJHg and 
75Se at near constant rates (5.0% of dose) after a small decline 
between days 3 and 7.    Fecal concentration of 203Hg in both groups 
were similar but 75Se 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 N'J. 08 The effects of Dietary Methionlne 
Supplementation Upon Serum Seleno- 
protelns and Whole-body Retention 
of Radioactive Selenium 

PROBLEM; 

An earlier study in this laboratory showed that Increased dietary 
methionlne increased blood Se levels.    This study was designed to 
examine the effects of dietary methionlne upon plasma protein binding 
of selenium, organ distribution of 75Se ant1 whole body retention of 
the tracer. 

RESULTS AMD DISCUSSION OF THE RESULTS; 

One study was conducted on the effects of dietary methionlne levels 
upon whole body and tissue retention of  selenium.     Two hundred male 
weanling rats were randomly assigned to four dietary groups:  1) Group 
I, basal diet consisting of 25% torula yeast,  5% stripped lard, 66.2% 
cerelose, plus minerals and vitamins (adequate In vitamin E);  2) 
Group II, basal plus 0.2 ppm Se as sodium selenlte;   3) Group III. 
basal plus 0.8% methionlne, and 4) Group IV, basal plus selenium 
and methionlne. After four weeks on these diets,  2 animals from 
each group were injected intraperitoneally with 50 ycl of high 
specific activity  '5Se and 6 animals fed each of  the diets received 
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1 wcl 75Se Intraperltoneally.    The eight  ^0 wcl rat« were sacrificed 
at  24 hours by exsanguinating via  the abdominal aorta.     Plasma 
proteins were partitioned on a sephadex column &T.4 the  column 
eluates. collected in one milltite.r allquots were counted for radio- 
activity.    Radioisotope retention of the 1 pel r»ts was counted 
dally 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 radioactivity was evaluated 
to determine excretory routes.    Thirty-five da/s after injection, 
the rats were sacrificed and various organs wore excised, weighed 
and the radioactivity counted. 

Both methlonine supplemented diets resulted in higher body weights 
of the animals from 4 thru 16 weeks of feedlnR.    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 10% or more at 13 nnd .16 weeks 
when compared to basal diet fed rats. 

Whole body selenium retention showed significant effects of diet 
(dietary selenium supplementation reduced retention at  35 days 
from 70X to 15Z of the injected dose); of time (the older and 
larger rats that had been fed the diets for longer times retained 
about 5-102 more selenium than the younger animals);  and a signifi- 
cant diet time interaction.    During the 10 days post-Injection of 
radioactive selenium, most of the tracer excretion was urinary 
with less than 1.5Z 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 203Hg increased Its ex- 
cretion.    Whole body retention of a single dose of  /:>Se was:  reduced 
by selenium supplementation of  the torula yeast diet;   not affected 
by dietary methlonine levels; and  Increased as the animals become 
older and larger. 

RECOMMENDATIONS; 

(All studies on this work unit.) 

1.     Institute new work unit on mineral metabolisn 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 «as Initiated in this area during the past year due to limited 
manpower  (loss of one principle investiRator). 

3. The Interrelationships between selenium and mercury metabolism 
should receive further investigation. 
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Metabolic Disease 

The following investigations have been conducted under this work 
unit: 

See Annual Research Progress Report USAMRNL, PY73.    Because of the 
projected nove of the Dept. of Medicine, Letterman Army Institute 
of Research, Denver, Fitzsimons Amy Medical Center, Denver, 
Colorado (foraerly Metabolic Division, U. S. Army Medical Research 
and Nutrition laboratory, Fitzsimons Army Medical Center, Denver, 
Colorado) from Denver, Colorado to San Francisco, California it 
was not possible to ioplement studies in FYlk. 
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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 nutrition of these adaptations.    Obtain 
basic information on aspects of biochemistry,  physiology,  and nutrition as related to 
exercise that will ultimately allow the recorinendatlon of an 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 utlllssed 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 hypoxla. 
25. (U)     73 07 -  74 06 Studies concerning the effect of exercise on muscle mineral me- 
tabolism and absorption of nutrients from the 3ut have been ~ompleted and the results 
ire currently being analyzed.    Twelve weeks of treadmill running increased the turnover 
rate of rat adipose  tissue from a t% of 27 days  (untrained)  to t^ of 16 days   (trained). 
Supplementing the diet of trained rats with carnltlne did not significantly alter the 
turnover rate of adipose tissue indicating that tissue carnltlne levels do not limit 
fat utilization by  the exercising animal.    Treating hypoxic or exhausted rats with 
lupplemental cortlsol prior to altitude exposure or exhaustive exercise did not alter 
nitochondrial oxidative processes  thus providing no support for the hypothesis  that 
lupplemental cortlsol can Influence hypoxia-lnduccd 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 Interrelationships 

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 cfect of physical training on 
carbohydrate and lipid absorption has been completed.  The data from the 
initial experiment are currently in the final t 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.  Rf at reports in the literature suggest 
that glucocorticoids play a cruci. v 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 isolated 
and tested for their ability to oxidize pyruvate and palmitate. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Neither altitude exposure ;ior exhaustive exercise was effective in this 
experiment in causing any significant decrease in pyruvate or palmitate 
oxidation, ADP/0 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 
mitochondrial function in this study, the question of whether cortlsol 
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 cortlsol in 
preventing hypoxia-induced depression of mitochondrial function. The 
dose level and duration of the cortlsol treatment used in this study did 
not appear to influence muscle pyruvate oxidation, fatty acid oxidation, 
ADP/0 ratios, respiratory control, or blood lactate concentrations under 
conditions of unaltered mitochondrial function. Recommend repeating the 
study if access can be attained to an adequate environmental chamber. 

PUBLICATIONS; 

None 
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STUDY NO. 6 Dietary Control of Lipid Metabolism 

PROBLEM; 

Glycogen and fat are both important energy sources during exercise, 
however glycogen stores are rapidly depleted whereas an abundance of fat 
is still available at the point of exhaustion.  If a greater portion 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,  it 
tissue carnitine levels limit fatty acid oxidation during exercise 
supplying supplemental dietary 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 (t1/2) 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. 

78 



Nutritional and Metabolic Adaptations and Interrelationships (cont) 

4. Askew, E. W., H. Barakat, G. L. Kuhl, and G. L. Dohm. Response of 
llpogenesis 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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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 
lipid 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 
monoglycerlde 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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23.   (U;    Optimal muscle function of the combat soldier in terms of endurance and strengt 
is essential for the successful outcome of military operations.    In order to maximize 
muscle endurance and strength it is highly desirable to develop musculotropic agents for 
use in conjunction with physical training and intake of essential nutritional substances 
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. 
2k.   (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) 73-07 - 7^-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 
is postulated that certain muscular disorders may be related to deficiencies in the 
ri.etmyoglobin reductase system. Preliminary evidence has suggested that the metmyoglobin 
reductase system is quite complex and is composed of a number of different components. 
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ABSTBACI 

PROJICI 10. 3A061102B71R      Research in Blo-Nedleal Sciences 

•CASK 10. 02 Internal Medicine 

WQBK UHIT 10.        062 Muscle Metabolism as Related to 
Exercise, Seron Electrolytes, 
Diet and Steroids in Noimal Nan 
and Disease 

The following inrestigations have been conducted under this work 
unit: 

STUDY HO,      1.    Studies Concerning the Mechanism vhich 
Control the Redox State of Mjroglobln. 

Studies have been carried out which for the first time clearly 
demonstrate the presence of metnyoglobin (MetMb) reducing activity 
in the soluble supernatant fraction of beef heart hcnogenate.    Some 
of the optimum conditions for ensyme assay, and certain character- 
istics of the assay system have been evaluated.    The two critical 
aspects of the assay system are proper preparation of ayoglohin 
substrate, and ferrocyaride ion activation. 
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HO» IBIT 10   062 Muacle Met«bolis» as Related to 
WORK WIT 10. ow Exercise. Sena Electrolyte«. Diet 

wd Steroids in Honul Men and 
Disease 

«mnw 10   1 Studies Concerning the Mechanism 
SrUDI ■ü* J- vhich Control the Redox State of 

Hyoglobin. 

PBOBLB«; 

Hemoglobin (Hb) end ^yoglobin (Mb) share a number of properties 
which include reversible oatygenwion to form Hb02 or »w02i 0' 
irreversible oxidation to methemoglobin (MetHb) or metnyoglobin 
(MetNb) respectively.    Whether these heme proteins undergo oxygena- 
iSn or «Wation depends on a number of factors which ar, complex 
and incompletely understood.    Under physiological conditions in 
vivo, only 2 to 3% of hemoglobin in red blood cells is in *?«J»«- 
fSST.   Several efficient enzymatic B/stems have been described 
which continually reduce MetHb thereby preventing its accumulation 
to «ny «ppreciable extent.    The enzymes responsible for this re- 
duction utilise HADH or HADPH. and in seme cases require an electron 
carrier such as aethylene blue for in vitro study.    By far the most 
active systm which requires ferrocyanide ion activation has been 
described by Hegesh and Avron. 

Much less attention has been given to the possible «f BteJc* ^ 
similar systems vhich reduce MetMb.   MetHb nojiually is not thought 
to be present in muscle in any appreciable quantity despite the 
«eate? susceptibility of Mb to oxidation than Hb.    It is reasonable 
to assume that muscle must contain a highly active «echanism for 
MetMb reduction, otherwise the continued formation of MetMb would 
to unopposed.    The presence of dlaphorases in muscle is well known. 
HoweverVthe existence of a specific MetMb reductase. analogous to 
MetHb reductase activity in red blood cells has not been convincingly 
demonstrated heretofore. 

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

Despite the failure of past investigators to convincingly demon- 
strata specific enzymatic MetMb reduction, it is logical to conclude 
that if MetHb reductase exists in red blood cells. an analogous 
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enzyme for MetMb reduction should exist in muscle. In this study 
we attempted to determine whether metmyoglobin reductase activity 
could be detected, and if so, to es ablisb the optimum conditions 
for its asssy and some of its properties. 

RB8UI3?S AHD DISCUSSION OF THE RESUUS; 

Using MetUb as a substrate in the ferrocyanide-activated assay 
system described by Hegesh and Avron (J. Lab.  Clin. Med.  72: 339, 
1968) high levels of reducing activity were found in the superna- 
tant solution from heart muscle homogenate.    Subsequently, initial 
attempts to demonstrate similar activity against MetMb substrate 
were hampered by low activity levels and marked turbidity.    A 
number of methods of ayoglobin preparation were attempted, until 
it was found that the method of Van den Oord et al.  (Eur. J. 
Biochem. 10: iko, 1969) yielded Chromatograph! cally and electro- 
phoretieally pure nyoglobin substrate.    Using this nyoglobin 
substrate the assay gave reprodudbly high levels of activity 
without turbidity.    Substrate preparation thus proved to be one of 
the key factors in elucidating the presence of enzymatic MetMb 
reductase activity. 

Once substrate ayoglobin had been puvified, 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 detemined, 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- 
cyanlde 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 ionic 
strength were evaluated.    Under certain conditions spontaneous, 
rapid reoxidation of the myoglobin was encountered, providing an 
interesting phenonenon worthy of further Investigation.    At this 
point the studies were interrupted for the movement of the 
laboratory to the Presidio of San Francisco. 

OOHCLUSIOliS; 

These studies have conclusively demonstrated for the first tine 
the presence of a specific, HADH-dependent, met yoglobin reductase 
in the soluble supematate fraction of homogen^ -.ed beef heart.    The 
enzymatic nature of the reaction has been clearly shown, and some 
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of the eoodltioas required for optimm activity rates have been 
ascertained.    The two key factors in denonstrating entym actirLty 
are substrate preparation and ferrocyanlde ion actlTatlon. 

HBOOmUDATIOIIS; 

These studies represent a continuation of prerlous inrestigatlons 
of suscle function, the blocbaalstty of nyoglobln, and of the 
primary and secondary agroglobinurias.    Since syoglobin provides 
the only oogrgen reservoir in ausclc, defective oxygen uptake and 
diminished availability would rssult if MetNb v re present in 
incrsased amounts.    The unavailability of sufficient oxygen could 
lead to both ftmctlonal and structural defects.    Furthermore, there 
•re analogous defects which when present in the red cell lead to 
biochemical abnoimalltles and presumably nay do so in muscle. 
These studies are potentially of great importance and should be 
continued. 

PUBIJCJglMS;    lone. 
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23. (T7) 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 hydratlon and training 
and may be affected by age, state of health, dietary constituents, vitamins, hormones, 
therapeutic agents, and varied environnental 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 r«spect 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 CPO will be evaluated singly or combined). 
25. (Ü) 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 sklnfolds to be highly correlated with body fat (r-0.66 to 0.87). 
In this study, 3 techniques (densitometry, potassium^ and D2O dilution) involving in- 
dependent body compartments were utilized to estimate body 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 2.3g/kg body 
wt) for 40 days. Dally urinary nitrogen excretions remained essentially unchanged for 
the lower protein proup during training. Nitrogen balances were positive for both 
groups.  Blood Hb, Hct 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, lOOg of protein/day was adequate for men performing 
fairly heavy work. 
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ABSTRACT 

PROJECT NO. 

TASK NO. 

WORK UNIT NO. 

3A061102B71R 

02 

065 

Research In Blomedlcal Sciences 

Internal Medicine 

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      Work Performance 

a. 

STUDY NO. 4 

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

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

Effects of Time of Sampling Upon Extracellular 
Water Volumes Determined With Thlocyanate 

Study No. 1-a. Three methods were utilized to estimate body 
fat in humans, densltometry. potassium*0 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 choice 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, «^ counting and D2O dilution. Simple corre- 
lations with body fat estimates indicate that for the male popula- 
tion, waist, weight and buttocks circumference were most highly 
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and Nutritional Status (Cont) 

correlated with fat estimates (r-.70 to .85). In ^eJamale popu- 
lation sklnfold thickness was »ost highly correlated with body 
fft (r..66 to .87). Stepwlse multiple regression analysis showed 
that five of the variables could account for 60-70% of the variation 
J^fat ta Mies and up to 90% In females. Correlations of measure- 
^nt's ve^e"igherntith fat estimated by density than with estimates 

derived from 40-potassium counting or DjO dilution. 

Study No. 1-c. An animal investigation using tracer ..evels of l4C 

dAn as an organic diluent to estimate ^J^^tlcal 
completed. The data are currently being prepared for statistical 

analysis. 

Study No. 2-a. The effects of oral electrolyte ;u^h^1^
ltanln 

E supplements on work performance were evaluated in 6 highly 
trainedrheat accllmatired subjects in a 350C environment. The 
supplants were ingested during the A-hour exercise period and 

each supplement was tested for 5 consecutive days. 

The standard diet fed the subjects fuifllled ^e dally NRCallow-_ 

ances of kr.alories. protein, vitamins and ^erals. W^*^ 
ance of subjects was measured daily at two levels of f^^ 
Sk after 3 and 1/2 hours of exercise. Maximal treadmill testing 
Ts pe frrmed^eiiy. Physiological body actions were «onitored 
durinR Ingestion of the supplement and compared to those °bta1;^ 
uslig «atlr as the control. Electrolyte and glucose »upplementation 

ZTlo demonstrable beneficial effects upon the ^V perforce 
parameters measured. Oxygen consumption, heart and ventilation 
rates were essentially unchanged as a result of «upplementation. 
Sro^xW performance and body temperatures ^11*1*°™^**' 
Vitamin E did not alter any of the same »ea8ured P^!^1^^^^. 
functions. Results again indicate that heat acclimated ^n working 
to hot environments need only replace water to maintain optimum 

performance. 

Study No. 2-b. Three levels of physiologic work performance ^re 
^äluated in eight subjects (two groups of 4) who consumed either 
I£ 3 or 100.7 gm of protein/day for a A5-day period. All subjects 

intake did not produce a significant increase in performance or 

physical fitness during maxima or stamina exercise. 
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Study No. A. The Influence of sampling time on ^iocyanate space 
estimation of extracellular fluid volume «as «tudied. L«^ JJ^" 
"ions in values calculated fro« sample-to-sample ^a 3?-3* »f * 
post infusion) suggested that 3 to 5 timed "«P1" "^"^ *™ 
for celculation of this volume. Even with these conditions, halt 
SthJvS^s deviated by 10-16% for two determinations, on the same 

«ly interpretations of changes In this space must be made very 

cautiously. 
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WORK UNIT NO. 065 The Effects of Nutrition and En- 
vironmental Stress Upon Work 
Capacity and Nutritional Stress 

STUDY NO. 1-a. A Comparison of Methods for Esti- 
mating Human Body Composition 

PROBLEM; 

There are a variety of methods for estimating the body composition 
of humans, however they livolve 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 (40K) was measured 
by a sodium iodide crystal shadow shield counter, and total body 
water was obtained by analysis from the dilution of orally Ingested 
deuterium oxide (D2O) 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), "K 
(21.6 kg), D2O (15.6 kg) to differ significantly from each other. 
Densitometrlc 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.A7 to 0.72. 

CONCLDSUNS; 

Three procedures were compared for estimating body 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 
Measurements 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 anthropometrlc measurements were made on 223 male and 
36 female military personnel for whom total body fat was estimated 
by density, />0K counting and D2O 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 sklnfold thickness was most highly 
co- related with weight of body fat (r- .66 to .87). 

Stepwise multiple regression analysis showed that five of the vari- 
ables could account for 60-702 of the variation in fat in males, 
and 90% in females. Correlations of measurements were hip,her with 
fat as estimated by density than with estimates derived from 
AO-potassium counting or D2O dilution. 

CONCLUSIONS; 

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

to others. 

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

I PROBLEM: 

The efficiency of military units depends to a degree upon the nutri- 
tional statas 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 work 
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. 
Of the iu.ny 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 soluble; 2) evenly 
distributed In body fat; 3) rapidly equilibrated throughout the 
body fat depots, and A) slowly metabolized. The objective of this 
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experiment was to Investigate the efficacy 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 1AC dieldrin were administered either Intravenously 
or intraperltoneally to rats and sheep. The animals were sacrificed 
and the tissue distribution on the label was datermlned. The data 
are currently being prepared for statistical analysis. 

ADDITIONAL COMMENT: 

At a recent child health symposium, a review was presented and is 
now being published by NIHCD on the "Performance of the Adolescent. 
In suranary, the data suggests that prior to puberty both boys and 
girl» 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 
uptakes in 1/min are increased with age for both girls and boys, 
however when 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. Tbe Effects of Ingesting Electro- 
lyte and Sugar Upon Physical Train- 
ing and Performance in Young Adults 
Under Conditions 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 net 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 investigation. 
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The primary objective was to evaluate oral electrolyte and sugar 
supplements for maintenance of work perforraance 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 conditioned and heat acclimated for 10 days prior to 
the beginning of the study.    Work assignments and energy expendi- 
tures were kept constant throughout the study and included sub- 
maximal, maximal and stamina tests of physical performance. 

The supplements were Ingested during the dally 4-hour work period 
in a 350C environment and compared to water Ingestion alone.    Vitamin 
F,  electrolyte and sugar supplements did not produce significant 
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 lib 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 fLiid requirements. 

CONCLUSIONS; 

In a hot environment neither the commercial "antl  fatigue drirks" 
nor mineral supplementation produced improvements in performance. 
Other experiments have also shown no immediate deleterious effects 
öL 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.    However,  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/oin at 3 levels of work. 

Treatment 
No.t 

1 - Water 
2 - Comm #1 
3 - NaCl + sugar 
4 - NaCl 
5 - NaCl, K-gluconate 
6 - High K-gluconate 
7 - Comm #2 
8 - Water 
9 - Low K-gluconate 

10 - Comm #3 
11 - K-gluconate + sugar 
12 - Water + Vit F 

Sub Max Sub Max Max Work 
4% Grade 10% Grade Variable Gra« 

Mean* Mean* Mean** 

111.5 139.8 186.1 
114.3 136.7 174.2 
110.3 141.0 183.1 
109.6 136.6 189.3 
112.3 142.0 186.1 
113.3 143.2 186.1 
113.9 141.1 137.6 
114.4 143.3 180.3 
115.7 146.0 187.3 
110.7 139.3 191.9 

r                   112.6 138.3 182.1 
114.3 143.9 184.4 

* Mean of 4 repetitions from 6 subjects. 
** Mean values obtained once per week from 6 subjects. 

t 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 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Sub Max Sub Max Max Work 

4% Grade 10% Grade Variable Grade 

Mean* Mean* Mean** 

17.97 25.59 40.04 

17.89 26.20 41.65 
17.66 25.84 43.76 
17.80 25.75 44.99 
17.96 26.44 41.46 
18.12 26.00 44.70 

17.40 25.13 45.59 
18.66 26.05 41.27 

18.35 26.69 42.24 

17.58 25.59 45.01 

18.26 26.12 42.71 
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 trainxng, 
sports training or exercising to improve physical fitness, results 
in increased muscle protein in the body and an increase in normal 
biosynthesis of proteins from dietary protein. Increased dietary 
inti»V^s 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 have appeared in the literature.  Some In- 
vestigators have reconmended 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, submaxiraal 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 thö men did increase body protein stores and muscle mass 
(positive nitrogen balances) with the hiph protein diets in this 
Ptudy, the additional body protein did not enhance physiolopical 
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. A. Effects of Time of Sampling Upon 
Extracellular Water Volumes Deter- 
mined With Thiocyanate 

PR0BLP1: 

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 tluit has been used 
extensively to estimate extracellular fluid (ECF) volume. Jh« P«*" 
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, volupes obtained one week apart on 
the same man differed from each other by as much as 15.4% or almost 
3 liters. 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 thlocyanate 
procedure must be treated cautiously. 

RECOMMENDATIONS; 

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

PUBLICATIONS; 
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o^^f files     to alter  file  format. 
retrieve data.     Included will be provisions  to  transcribe  files,   to 

and to interface with different data ana^^ P"R^^IR through  its  computer service 
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inherent in  further development.     Hopefully,  ^^ jew sf  ^ wiU permit^^ ^ ^ 
tasks which  involve the  simultaneous management or multiple 

effective manner.  
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PROJECT NO. 

TASK NO. 

WORK UNIT NO. 

ABSTRACT 

3A161102B71R        Research in Blomedlcal Sciences 

02 Internal Medicine 

166 Design of Military Biomedical Research 
Information Systems 

The following investigations have been conducted under this work unit: 

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

STUDY NO.   2    Direct Computer Support to LAIR Departments 

File management systems are being adapted and/or de- eloped 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 is 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 end analysis. 

RESULTS AND DISCUSSION OF THE RESULTS; 

a. Computer conversion.    A major computer chmge 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 anjr information fragment of a data file  in what would 
appear to a human almost  "instantaneous."    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 devclopncnt of 
optimal  file management  at LAIR.    Throuph  its  computer service con- 
tract with LBL,  LAIR has  available  to it  two file management systems. 
One  is  Remote File Management System  (RFKS)  which supports a highly 
inverted-tree  structured  data base.     RFMS  is  designed  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-houaa 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  is 
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 the?r Current needs and staff capabilities.    Support is g ven in 
iyste^s analysis, methods of experiment design,  data acqu sltion. 
Jrog^ coding and execution to analyze experimental results. 

RESULTS AND DISCUSSION OF THE RESULTS: 

'.ompuur support to the departments during FY 7A was P^^^^1^ 
irconverting existing code and data bases to be compatible on the 
UL ^puter8complex.8 Additional support  to ^e various elements 
of 1AIR is described below.    Support given to nutritional studies 
is i^oUaborative effort in which the Dept.  of Information Sciences 
}« oneof  the participating departments.    As  such,   the support provided 
i8s ^crlbeSMder S^k UnU 086. Nutrition Studies  in Support of 
DOD Food Program. 

a. Program and Budget Office.    The Decentralized Accounting 
Svstei (DM)! Snance anS accounting system for LAIR, was implemented 
on t" ^ CDC 7600 machine beginning 1 July  1973.     These programs 
written in COBOL,  initiate, load,  update,  and process  the dally F&A 
transactions. 

Work has begun on a collection of programs which will distribute the 
CarrierActoünt  (overhead)  costs  to the various direct, or productive. 
work units  OlCs) •    Reports will be generated and  transaction output 
files to be used as input to the DAO processing programs. 

b. Department of Nutrition. 

(1)     Food Hygiene Division.     Conputer program have been 
expanded  to enhance  the presentation of  the  ^^f ^T/^ ^^ •    u^ched 
biology data.     A large backlog of accumulated data is being key  punclied 

and processed. 

Newraan-Keuls multiple  comparison  analysis   techniques. 

c      Department of J'cdlclno.     Statistical  analyses wereperformed 

for th;  foSng studios:     (1)   ^^f^^^^^^-^it olncubation 
hepatitis.  (2)   - P^^^^nStina    fwcolyt      and ipiiTictivltles. of cholera toxin on  rabbit intestinal  giycoiytic a 
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(3)  effects of diet and  triiodothyronine on je.iunal  enzyne Caption 
in four normal subjects,  and  (4)  effect of intravenous ethanol on 
hepatic enzymatic activities. 

d.    Department of Dermatology.    The Dematology ^P^1^^ 
System   which was  previously processed unaer an Ai)P  service  contract, 
bystem, wnicn w*»  VL ','     marhines      This  involves  tiranscnbing 
is being implemented on the LBL machines,    mis  ii ^,l..rtr>a1    rHnlc 
ol/data to be compatible with new programs.     Once operational,  clinic 
data ^U be processed on a month by month basis  to produce  the required 

report tables. 

e     Department of Comparativ.. Medicine.    Programs were written 
ro facilitate the analysis of data from acute mountain sickness data, 
ihe analyses produced statistics on (1)   the effects of altitude,on 
body coipositLn in mice.   (2)  nutrient intake and excretion patterns 
in hJLs  exposed  to high altitudes and.   (3)   acid-base regulation 
in humaLS during chronic altitude exposure. 

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

g. Extramural Support: 

(1) Statistical analyses were performed for ^r- ';el*°n' 
Fitzsimons Army Medical Center, on data from a study o the effects 
of ephedrlne and epinephrine on glucose, free fatty acids, and 

eosinophil levels. 

(2) Statistical assistance is being provided to the USA 

Medical Laboratory. Ft. Baker, in the analysis of f
c"tain .^"J. ns 

infections in pregnant women and of the effects of these infections 

on the offspring. 

CONCLUSIONS: 

With the availability of computer services from ^J^"^"^^ 
Laboratory many data analysis routines are now readily ac"^bl* 
to LAIR researchers.  In addition to standard program P^^s' SPeCial 

purpose programs arc being developed to process data ßf^ered from 
on-going research projects.  As the number of personnel ana projects 

at LAIR increases, so does the requirement increase " ^0^" 
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 mi-st be  continued in order to 
consolidate and coordinate the needed talent and  facilities required 
to meet the sophisticated data processing demands  of the modern 
researcher. 
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ABSTRACT 

PROJECT NO.     3AD61102B71R   Research in Biomedical Science 

TASK NO.       02 Internal Medicine 

WORK UNIT NO.   l67 Biocheoical Factors Influencing 
Physiological Functioning 

The following investigations have been conducted under this work 

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: (l) the effects of day-night 
shift rotation on nomal subjects and; (2) the feasibility of 
intensive measurements of a number of physiological 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 schedule during periods I and III were 
identical with regard to clocktime, while period II reversed the 
control sleep - work - leisure cycle. Performance measurements, 
symptomatic inventories and a number of cyclic physiological 
variables were obtained during each period. Variables wer« 
selected because they were known to be cyclic and were readily 
rvailable. Control measurements, which were stationary in time 
will be compared to post control ius«isurements which were non- 
stationary in time resulting from the phase shift during Period 
II. In addition, the measurements were correlated with the 
rate at which the variables became stationary in time during 

period III. 

Measurements for all variables were taxen at four hour intervals. 
An indwelling heparinized venous flush system was utilized fcr 
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 and room tempera- 

ture were recorded every four hours. 

Preliminary observations demonstratea variable changes in each 
subject. The available data shows dis-uption in the occurrence 
of the maximum 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 
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methods.    Since laboratory and statistical analysis of the 
reaainder of the data la not yet ccmpleteed. the »ignificence of 
the changes renalns uncertain. 
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WORK UNIT NO. 16? Biochemical FacUrs Influencing 
Physiological Functioning 

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

PROBI£M: 

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 by 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  (OÖOO-löOO), leisure  (l600-2U00), sleep  (2U00- 
0800); Period II - Study days 6-10 consisting of leisure (0800- 
1600), sleep (1600-2^00), work (2400-0800); Period III - Study 
days 11-16 consisting of work (08OO-l6O0), leisure (l600-2U00), 
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, k5% 
carbohydrate, k0% fat and a constant mineral and vitamin supple- 
ment.    Meal hours were consistent with the work-shift during all 
study periods and allowed for 1+ equal  feedings  for each study day. 
A 2k hour oral intake of 2000 ml of fluids was equally distributed 
throughout the day.    The following variables were considered: 
body weight; salivary pH; body temperature; heart rate;  serum 
cortisol,  inorganic 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 
f-mall 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 conditions. 
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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 and 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 Uth day.    No inflammatory reactions occurred 
and few or no ecchymoses were encountered at the venipuncture 
sites.     It was 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 k days. 

Although there was sufficient data in the scientific literature 
to 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 number 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 was concluded that th? 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 involvement 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 fahows disruption in the occurrence 
of the maximum and minimum values of body temperature, serum 
osmolallty, urine osmolality and body weight.    These changes are 
in the process of being analyzed statistically by appropriate 
methods.     Laboratory and statistical analysis of the remainder of 
the data is not completed. 

OOHCLUSIOMS; 

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 analysis of the data. 

RECOMMENDATIONS: 

It is recomnended 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 Bloraedlcal Sciences 

TASK NO.       02 Internal Medicine 

WORK UNIT HO.   168 The EfSects of Diet Upon Respira- 
tory Metabolism 

Th« following investigations have been conducted under this work 

unit: 

STUDY NO. 1  The Effects of a Glucose Meal 

STUDY NO. 2  The Effects of a High Fat Meal 

Thase 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. DL^0 was Improved 
following glucose Ingestion, while a high fat meal appeared to 
decrease diffusing capacity. 
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23      (U) Much biomedical research depends upon the proper use of healthy laboratory 
animal.     Se b^d objectives of this «ork unit are:   (D  to maintain and P-vide 
experimental   animals  for biomedical research for all the divisions of .he Laboratory. 
(2)  to^rovldrpathology services.  Including gross,  clinical, microscopic or special 
i Lies' o    spo^Janeoufor induced diseases in animals;   (3)  to P"^« ^ "^^ 
to insure the health and well-being of the animals  in the colony.   (4)to study diseases 

^ ajpropriate ^rts'were rendered.    Material of special teaching value was 
utillred to supplement didatic seminars and conferences. cni.r/.Pfi or bred 
25       (U)  72 07-73 06.    Some 4900 anima's. purchased from commercial sources or bred 
wUhin    he colony, were maintained for research during the report ^^    ™"e 

ÄeS 2600 ra^.   1800 mice.  290 ^^"/^J«^5 dogs cats and    ^ ^    ;ined 

r««.« accessioned numbered 650;  these produced  3200 paraffin DIOCKS.  /IUU n 
«""slide"  llSo Specially stained slides,  and 800 hlstochemlcal preparations. 
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PROJECT NO. 

TASK NO. 

WORK UNIT NO. 

STUDY NO.  2 

STUDY NO.  3 

ABSTRACT 

3A061102B71R   Research In Blomedical Science 

Internal Medicine 

169 Comparative Pathology of Aninals 
Maintained and Utilized in 
Biomedical Research 

Avian histologic atlas 

Substrate specificity and selective inhibition of 
alkaline phosphatase and adensine triphosphatase. 

The Elective of this work unit is to maintain an animal colony locked 
with healthy animals of diverse species.    Under this work «jit. 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- 
prehLsive atlas of avian histology which would be ««f ^^^ 
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 ™* f *"*;* "" 
»ask each other in tissue sections.    Addition of specific ^ibitors 
selectively eliminates formation of reaction products and should per- 
mit specific identification of enzyme present in the tissue. 
Inhibitors proved to be specific for animal species and tissue. 
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WORK UNIT 169 Comparative Pathology of Animals 
Maintained and Utilized in Biomedical 
Raaearch 

STUDY NO. 2 Avian Histologie Atlas 

PROBLEM: 

Avian pathology la currently basically oriented towards the gross 
examination of necropsy specimens. With the increasing use of avlan 
species as biomedical models of disease, certain problems have arisen 
due to the difficulty of identifying normal avian tissue at the histo- 
loglc 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 completion 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. 

CONCUISIONS; 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 

PROBLEM: 

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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Comparative Pathology of Animals (Cont) 

unless one Is selectively inhibited. The action of each inhibitor 
is both species and tissue dependent. This study was designed to 
test the action of several inhibitors on enzyme activity in several 

animal species and 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 ir.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 intestmaA 
ATP-ase and kidney ATP-ase. Due to departure of the senior investigator 

no further progress was made during FY 74. 

CONCLUSIONS.  NONE 

REtOMMENDATIONS:  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., P.R. Brown, R.N. Empson Jr., and CG. Plopper.  Equine 
and Feline Malignant Giant Cell Tumor of Soft Parts, teetican 
Journal of Pathology, 74:27a-28a, 1974. 
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Coaparative Pathology of Anlaala (Cent) 

feieti   T J  • A Morphological Study of Nonul and Abooraal Glororull 
S Si;.!   ^.S.^e.lÜ'ünlvar.lty of Colorado Helical C«iter. D^v.r 
Colorado, 1974. 
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23. (U) To reduce morbidity and non-effectiveness of affected Army personnel by 
establishing methods,  practical under military conditions,  for more efficient treat- 
ment,  diagnosis and prevention of selected oral diseases prevalent in the military. 
24. (U)  Human clinical investigations and laboratory studies. 
25. (U)  73 07 - 74 06    Investigations are being completed in two subprojects:  Pre- 
vention of Post-Extraction Alveolitis; Complications Following Intavenous Sedation In 
Military Dental Procedures.    Investigation in the subproject:     Bone Repair,  is being 
terminated owing to closure of  this department on 30 June 1974. 

DD, :•:"«! 498 PUCVIOU« EDITION» OF   TM11 Font* ARB OatOLBTE.    DO  rORMI I4*(A.   I   NOV •» 
AND  14»»-1.   1   MAR «■  irOR   ARMY  UICI  ARt OBIOLKTK 
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ABSTRACT 

PROJECT NO. 3A161102B71R        Research in Bionedlcal Sciences 

TASK NO. 04 Dentistry 

WORK WIT 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 thlo protocol bears  its own specific 
work unit number and title, as follows: 

a) Work Unit No.   144 - Prevention of Post-Extraction Alveolitis 

b) Work Unit No.   147 - Bone Repair 

c) 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 cUnical 
investigations and laboratory studies have been carried out. 

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

a) Work Unit No.   1AA - Prevention of Post-Extraction Alveolotls 

b) Work Unit No.   147 - Bone Repair 

c) 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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23. (U)  Although  the Incidence has not been established in the U.S.  Army,  available 
data suggest  that at least  two percent of all  tooth extractions are  followed by local 
infection of  the  tooth socket  (alveolitis  or "dry socket").     Ninety percent of the 
cases of alveolitis that do occur follow the removal of a mandibular third molar.    The 
objective of  this  study is  to develop a simple,  effective method of preventing this 
complication which would also be practical in military situations. ,       ,.    , 
24. (U)  Prevention of post-extraction alveolitis by use of a topical antiseptic to 
temporarily reduce the bacterial population of the oral cavity.    A collaborative study 
between Letterman Army Medical Center and Letterman Aimy Institute of Research. 
25. (U)   73 07 -  74 06    Incidence of alveolar osteitis  in  2,195  third molar extractions 
was  9.1 percent.     For further details see FY  73 Annual Progress Report,  Letterman Army 
Institute of Research.    Principal  investigator has departed  this  facility.     This 
study  is  completed. 

•;» «.(I.M» <.. .unlitciMm upon otlilntlof «PP™»«!^^——^^^—^^^^—^^—^^w^—M^^^^—^^^^™—~' 
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ABSTRACT 

PROJECT NO. 3A161102B71R        Research in Bionedical Science« 

TASK NO. 04 Dentistry 

WORK UNIT HO.        144 Prevention of Po.t-Extractlon Alveolitl. 

The principal investigator has departed this f"1"'^ "££" 
conducted under this work unit have been ce«pleted.    ^ *"•£•._ 
«re wnorted in full in the FY 1973 Progress Report of this depart- 
ZTt     S^ver   final preparation of data prior to publication was 
"rried ^"y the l^cl'te investigator subsequent to the departure 
of the principal inveatigator. 
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WORK UNIT NO.  144 Prevention of Post-Extraction Alveolltls 

PROBLEM; 

Available statistics  Indicate that at least 2 percent of all  tooth 
extractions are followed by local Inflanmatlon of the Involved 
tooth socket (alveolltls or "dry socket"), although the precise 
Incidence ha» not been established in the ü.  S.  Army.    Ninety per- 
cent of alveolltls cases which do occur follow the removal of a 
■andibular third aolar.    The purpose of this study was to develop 
a slaple,  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 molar extractions was 
9.1 percent.    Fewer cases of alveolltls 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 
data was carried out by the associate investigator. 

CONCLUSIONS; 

Preoperatlve 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.  Reel, 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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23. (U)   a.    To determine reliable quantitative and qualitative methods  for assaying 
bone repair; b.    To further develop more objective laboratory and clinical endpoints 
for examining and evaluating bone healing in order to reduce hospitallzation time 
associated with bone Injuries in military patients;  c.    To more accurately determine 
effects of different forms of therapy. u-       i    .. 
24. (U)  Laboratory studied on dogs  relating physical strength findings  to histologic, 
clinical and radiologic data. ».„Q„„..u„ 
25     (U)   73 07 -  74 06    During a 16 week postoperative evaluation period,   the strengths 
of'union of non-irradiated  (i.e.  chemically sterilized) bone grafts  (allogeneic and 
surface decalcified allogeneic bone,   respectively) were consistently higher than the 
strengths  of union of their respective,  irradiated counterparts.     This study is being 
terminated because of the closure of  this department. 

Vvn   rO*M     «400 PRBVIOUl  EDITIONS Or   THl»  FCRM  AHEOBSOLBTE.    DO  rORMl  l4»eA,   1   NOV  CB 
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ABSTRACT 

PROJECT NO. 3A161102B71R        Research in Biomedlcal 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 undertaken to determine 
the  influence of such radiation on the healing of bone grafts 
sterilised in this aanner. 

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 nm in dia«eter, 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 bv the 
Tissue Bank, Naval Medical Research Institute.    Non-irradiated 
sa-ples 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 nor-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 B™e Repair 

PROBLEM; 

The «ost co-only used »ethod of sterilizing allogeneic bone f^ bone 
grafting is by irradiation.    However, there is considerable contro- 
versy as to the effect of this irradiation on the healing of the 
grift.    wSle several investigators have maintained that i«adiation 
disrupts osteogenic induction, others have maintained that effects 
are^nimal or nonexistent.    This study was undertaken to ascertain 
UetSr Eradiation used for sterilization influences the strength 
of bone graft union to host bone. 

RESULTS AND DISCUSSION OF THE RESULTS; 

j_«A^<-o    A mi in diameter, were created bilaterally Five round osseous defects,  6 am m diameter, weLC ^ c^Ah-ro 
in the medial diaphysis of the tibia in dogs by means of a Smedberg 
We drm      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 « O-^^ 
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  ^^f^^J^ 
irradiated grafts was obtained from a single donor animal.     Cutting 
«Hhaping^f the bone grafts was accomplished i^e laboratory 
under aieptic conditions and the bone grafts were/iv^J^° f0 

groups;    non-irradiated and irradiated.     The non-irradiated bone 
«af?s were  further subdivided into allogeneic and SDAB g^ups.    The 
allogeneic grafts received four 30 min.  saline washes    ««" bathed 
in 95Z ethanol for 2 hours at 50C and were dried for 2 hours with 
sterile ai^prior to gas sterilization.     The alcohol dessication 
"epias Instituted to enhance gaseous penetrabilitv of ethylene 
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oxide.    The SDAB grafts were similarly sterilized after their normal 
processing of defatting, decalcification, and washing.    Both the 
allogeneic end SDAB groups were lyophilized for storage. 

The irradiated bone grafts were subjected to 2.5 million rads via linear 
acceleration at the Armsd 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.    Pour dogs were sacrificed at each of 
three sacrifice intervals at 4, 8, and 16 weeks.    At sacrifice,  the 
tibias were surgically removed, tlu  soft tissues excised, and were 
mounted for physical strength testing on an Instron Universal Testing 
Apparatus.    Strength of bone graft union was determined by aeasuring 
the force required to shear the healing interface between th- graft 
and surrounding host bone. 

2 
The shearing strength data,  recorded in kg/cm , were plotted against 
time to obtain time-strength comparisons at each interval (see Figure). 
As had been found in previous studies waing 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 allogeneic 
grafts and the Irradiated allogenic grafts indicated that the union 
strength of the non-irradiaced 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 SDAB grafts to irradiated SDAB grafts also indicated 
a difference of union strengths at the same level of significance. 

The bionechanical 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.    Voids were noted 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. 

127 



Bone Repair (Cone) 

The graft Junctions of Irradiated grafts usually differed In Histo- 
logie appearance fro« those of non-1rradlated grafts.    For instance, 
resorptlve lacunae were noted along the graft interfsce ^ 'he 8-i#aek 
irradiated allogenelc grafts.    There »as little evidence of bridging 
or union between the grsft and the host bone.    However, in the non- 
irradiated allogenelc grsfts, we observed good fusion of the graft to 
host bone.    Indeed, the allogenelc grafts appeared to be as well fused 
ss did the autologous grafts at this time.    Microscopically, there was 
excellent union between the graft and host bone.    The histologic 
observation reflects the •Ullarlty in strength between allogenelc 
and autologous grafts st the eighth week. 

By the sixteenth postoperative week,  all of the allogenelc and SDAB 
grafts  (with the possible exception of the Irradiated allogenelc 
graft) had undergone sufficient re»odellng and replacement so that 
they had essentially equal strength of union.    Microscopic examination 
revealed that fusion of all the grafts to host bone was virtually 
coaplete even in the irradiated SDAB grafts.    Heretofore, all of the 
SDAB grafts, whether irradiated or non-irradiated, exhibited poorer 
fusion than allogenelc grafts, by both bionechanlcal and alcroscopic 
evaluation.    Histologlcally, 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 allogenelc grafts, we also 
found new bone uniting the graft with host bone.    However. It is in 
the early discrepancies in biooechanlcal strength of union among 
the various grafts at A and 8 weeks wherein lies the primary sig- 
nificance of our study.    Early development of union strength is 
essential in order that periods of stabilization be minimized.     It 
was during this time frame that the non-irradiated, gas-sterilized 
bone grafts showed greater union strengths than did their Irradiated 
counterparts. 

C0MCLÜSI0MS; 

Radiation sterilization of allogenelc canine bone grafts materital 
prior to placement may adversely affect the strength of graft union, 
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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TASK NO. 

VOKK WIT NO. 

ABSTRACT 

3A161102B71R       Research in Biomedical Sciences 

04 

148 

Dentistry 

Conpllcatlons Following Intravenous 
Sedation in Military Dental Procedures 

Although the use of Intravenous sedation in dentistry is  increasing, 
little is known of the incidence of conpllcatlons which may be 
attendant to this procedure.    The purpose of this study was to 
establish guidelines  for use of intravenous sedation in military 
dentistry 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 mall,  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 percent 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 UBIT MO.  148 Co«plic«tion» Following Intravenous 
Sedation in Military Dental Procedures 

PROBLEM; 

CoBpllcatlons during and following intravenous (IV) sedation in the 
dental office have been a source of controversy aaong general dentists, 
oral surgeons and dental educators, especially in the «ilitary dental 
services.    Literature docuaentatlon concerning this aatter is sparse. 
There currently appears to be a diversity of opinion in dentistry as 
to the type snd occurrence of such sequelae.    Figures range fro« 0-10 
percent. 

Use of IV sedation in dentistry is increasing.    A recent study con- 
ducted at a public health hospital revealed that use of IV sedation 
ccrtlned with local anesthesis for oral surgery procedures had increased 
3* percent in the past, decade.    In a coaprehensive study dealing with 
postoperative alwolitls, the Lettenan Aray Institute of Research 
observed that 58 percent of patienta undergoing third »olar extractions 
received adjunctivc IV sedation. 

Anong factors contributing to the upsurge in use of IV sedation are: 
1) patient demand for sedation to neutralise the "fear and apprehension 
of dental procedures;  2)  research and Marketing of drugs with a 
relatively high safety «argin;  3) formal courses in IV sedation being 
taught in continuing education program,  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 estsbllsh guidelines for use of IV 
sedation 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 aurvey of the following selected dental 
facilities: 

a.    Military: 
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Procedures (Cont) 

(1) Letteman Army Medical Center 

(2) Oakland Naval Hospital 

(3) David Grant Hospital, Travis AFB 

(4) Hays Amy Hospital, Ft. Ord 

(5) U.S.P.H.S. Hospital, San Francisco 

b. Civilian: 

(1) University of the Pacific School of Dentistry 

(2) LOBS Linda university School of Dentistry 

(3) university of California School of Dentistry 

(4) San Francisco General Hospital 

(5) Almeda County General Hospital 

(6) Mayo Clinic, Rochester, Minnesota 

Using a prepared questionnaire, respondeuns reported th%i^"««!lon 

„d type'of co-plications arising «"«' ^^»"f1?"^^"^ii00 

prior to dental procedures in human patients.    This i»«0««"^ wa8 

tr^ferred to ISM punch cards and tsbulated by sorting machine. 

A total of 1.872 dental patients who received IV "d-«;^/» Jhe 

iental office were surveyed regarding c«»P1l"tJ°n%^^e^
d

were 
after the treatment procedure.    Of these subjects,  93 P"<enJ "*" 
out^tients; 50.7 percent were males:  14.7 percent were receiving 
SiotiL; 14.1 percent of female patients were taking oral con- 
traceptives. 

(ivncope) Thf antecubital fossa was the most popular site for venl- 
^ctu?. 74!5 pTrcent) followed by the forea.m (^.1 percent) and the 
Sorsum of the hand (12.5 percent). Most 85.1 P"ce°J> of 'h? ^ent 
„unetu« attempts were successful on the first insertion; 10.6 percent 
of 0«^ reqTred Tsecond insertion. Four or more venipunctures were 
nfc^try in l!l percent of cases.    The most common me«« of initiating 
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Procedurea (Coot) 

the IV procedure was the direct drug to vein method (72.2 percent). 
An IV 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 petlents; 94.7 percent of ell patients stated thet they 
were pleased with 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 waa the site of phlebitis in 63.1 percent of 
patients who experienced this complication. 

Of the single medications used, ValiunP'was aaaociated with phlebitis 
moat frequently (19.2 percent). A total of 50 drugs were employed 
either singly or in combination by reporting clinicians in this ^ 
study. The most popular drug coebination was Valiua&and Demerol 

(11.5 percent). 

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

Pain (either at venipuncture or postoperative) constituted the most 
conmon 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. i percent of such cases, respectively. Of the 54 phlebitis 
petlents, 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 whan 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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BKcoMwanmoMS; 
This atudy has been cMvleted. The r/rincipal investigator has been 
transferred and will submit a paper to a professional Journal for 

publication. 

PUBLICAIIOMS! None. 
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ABSTRACT 

PROJECT HO.    3A061102B71R   Research In Blcmedlcel Science« 

TASK NO.       05 Environmental Medicine 

WORK UNIT NO.   080 dlgh Altitude Bloenergetics - 
Determination of Mechanisms 
Responsible for Acute Mountain 

Sickness 

The following investigation has been conducted under this work unit: 

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

Three animal studies were conducted on the effects of dietary carbo- 
hydrate levels (30. 60 or 80Z). exercise and altitude exposure on 
carbohydrate metabolism. Dietary consumption was reduced from 29 to 
89X of control Intake during the first 3 days at 4300 m altitude. 
Liver glucoses-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-transamlnase appiared to peak at 6 days of altitude exposure 
while serum glutamlc-ox/ilacetic activities were not significantly 
altered. Liver pentos* phosphate metabolising ensyme activity did 
not appear to be significantly affected by «ny 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 
«ere significantly higher than rats at 1&00 meters. 
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UORK Dun 1». 080 High Altitude Blo«ergetic. - 
Detenlnatlon of Itechanl««« 
RMponslbl« for Acute Mountain 
Sickness 

s-mjy HO 12 Physiological end «etebollc especte 
SIDDT W,'  1 of eltering dletery cerbohydrete- 

fet levele upon cerbohydrete aeteb- 
ollsn et eltltude (ensymetlc end 
electrolytne) 

nOBUM: 

Anorexle. wnlting, InsoMle end other eynptow (which could 
^rerely inpelr the cori>et effectlveneee of sen unleee edequete 
•Uosencee ere nede or neene of ellevletlon ere found) occur In 
both aen end enisle efter ebrupt eltltude exposure. Theee 
detriaentel effecte of hypoxle cen be ellevleted by en edequete 
intake of cerbohydrete end/or •elntefc.lng V^^l mcttvlty 
Stir ebrupt «tposure. These studle. »ere de.lgned to «l^te 
the ■echenlw of the eltltude effects in enlnele end of the 
cerbohydrete end exercise e^lloretlng influencee upon them In 
^Jd« io l^rove perfo«ence end sell being of eoldlere ebruptly 
exposed to altitude. 

Itater end nlnerel belencee during ecute eltltude exposure ««ported 
in faaaen etudlee have been In dleegreement. A etudy nee conducted 
on rats sacrificed betseen 2 hours to 12 deyt efter iicute eltltude 
exposure to gathar additional Infomatlon on tleeue hydretten 
end nlnerel belencee. 

RESULTS AMD DISCDSSIOH OF RESULTS! 

Three enlnal etudlee ifere conducted to observe the •«•<*• <>f 3 

dletery cerbohydrete levele. treed.111 «xerclee, end eltltude ex- 
poeure of 12 deye or leee upon cerbohydrete netebollelng eneyne 
^Uvltlee. Afier 3 deye of edeptetlon to 1600 ». while feeding e 
60X carbohydrate diet, 150 to 175 gn rete were eeelgned to one of 
3 dietary groupe: A. BOX cerbohydrete; B. 60Z J«^""» ^ 
C. 30X cerbohydrete. Seven daye later, one-half of ••chi

dUt*'y  . 
gioup «ae tranelocated to 4300 m end the refining enlnel. -«bjected 
To  « equlvelent tr^isportetlon .tree.. Anlnel. «r«» each dljtery 
group at eech locetlon were eacrlflced on daye 1, 2, 3. 6, 9 ««» ". 
SH^wtlon we. reduced to 45X of control during the "ret day 
of altltcuie expo«,re but recovered Jh«rwfter. Hejetocrlt vjlae. 
increeeed from ebout 401 for controle to over 47X by the **<■<** *** 
öf eltltude expoeure. G-6-PD ectlvlty In the liver Increeeed with 
increeelng dletery cerbohydrete levele, but wee decreeeed by ebout 
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High Altitude Bioenergetlca - D«ter«in«tlon of Mechanisms 
Rssponslbl« for Acute Mountain Sickness (Cont) 

50X for the first 3 days at altitude. Senm G-PT activity Increased 
during altitude exposure with a peak value on day 6 and then decreased, 
while sens G-OT values were unchanged. Blood glucose levels con- 
tiaeed decreasing during the first 3 days at altitude and remained 
belov control values for the remainder of the 12 days. 

The second and third studiee ware similar to the firat except that 
the animals wer« exercised daily on a motor driven treadmill after 
the initial 3-day adaptation. In the third studies, the experi- 
mamtal diets wer« not provided until altitude expoeure. Results 
from these two studies were very similar to those from the first 
with the following exceptions. Pood consumption was reduced to 
29 and ill of control during the first altitude day compared to 45Z 
for Study 1 indicating that in the rat exercise does not ameliorate 
the enorexlc effect of hypoxla. The Denver hematocrit values were 
higher (44 to 48X) than for the Denver rats of the first study, to 
that the Increases observed at altitude were not consistently sig- 
nificant until day 3. G-6-PD values were greatly reduced for the 
80Z carbohydrate group at altitude In Study 3. The exercised 
animala (Study 2) had reduced blood glucose from dsy 1 et altitude. 

Seventy-two male rats weighing 150 to 170 grama were exposed to 
4300 m altitude. Pood and water consumption was recorded and the 
everege food Intakes for each day was fed to "pair-fed" control 
rats maintained at 1600 m after an equivalent transportation strsss. 
Six rats were sacrificed at each location at various time intervals 
after acute altitude exposure. A significant growth depression 
was observed only for the first day of altitude exposure. Signif- 
icant Increaaes In hemoglobin and hematocrit values were noted 
mediately (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 oxpoaure and, with 
the exception of liver, remained Increased throughout altitude ex- 
poeure. Liver bad an Increased percent dry weight following the 
first day probably attributable to Increased fst. Serum sodium 
levels were significantly Increased end potassium significantly 
decreaaed 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. 

COWCLDSIONS; 

Altitude exposure reducec carbohydrate metabolizing enzyme activities 
in rst liver. Therefore, exercise and high carbohydrate dleta, 
which would Induce Increased enzymlc activities, may exert their 
beneficial effects by this mechanism, i.e., by having Increased 
activities prior to altitude exposure, the reduction due to hypoxla 
would only reduce theae levels to normal rather than sub-normsl. 
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High Altitnd« Blo«B«rg«tles - DeCendnAtloii of Maehaninw 
ftMpooalbl« fit Acute Hottntaln Slcknasa (Cont) 

Stadias ladleat« a «hlft of body flulda froa axtracallular to Intra- 
callular eaapartaanta of rata, during tha flrat 12 houra of acuta 
altltuda «cpoaura. 

MMWOBPAnOHS: 

Prapara aamacrlpta of tha antaal atudlaa for publication and taral- 
aata work unit dna to dlacontlnuatlon of thia nlstlon. 

2. Schnakanbarg, D. D. Hypoxie byrophagla and hypodlpala In tha rat. 
Ph.D. Dlaaartation, Univ. of California, Darla, C4, Octobar 1973. 

3. Chrlatanaan, B. M., H. L. Johnaon, and A. V. Roaa. Organ changaa 
and alaetrolytc «ccratlon of rata azpoaad to high altltuda. 
ttehalttad to Aaroapaca Mad. 
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23. (U) Thirty to forty percent of soldiers exposed, under comfortable conditions, to an 
elevation of 4,300 m. experience a severe and incapacitating phenomenon called Acute 
Mountain 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 
cicntific 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 acquired in human research, b) to test hypotheses that aros 
from human studies, c) to examine the various physiological, metabolic and psychologic 
defects and adaptations produced either directly or indirectly by hypoxic exposure, and 
c) ascertaining the basic physiological and metabolic mechanisms which underlie the ob- 
served defects and adaptation. 
24. (U) Laboratory animals were subjected to actual and simulated high altitude envir- 
onments. Various physiologic, metabolic and psychologic techniques were used to 
determine the alterations caused by hypoxic exposure. Studies were conducted at cell- 
ular, organ and organism levels. Efforts to ameliorate or eliminate the defects were 
nade with the use of drugs, special diets, training, etc. Two phase studies were con- 
ducted first, the acute response to hypoxia and second, the nature, extent and rate of 
adaptation of chronic exposure. 
25. (U) Defects in glyclne and leuclne metabolism of rats exposed to a simulated altitude 
at 5330 m. are largely, but not entirely, attributable to hypophagia. Changes in adreno- 
scortical function at this elevation are minimal. Mice exposed to 6600 m. (simulated) 
Bxhiblted 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. 

| niUbl* to contrmctora upat^rtajnttor^tgHom 

DO. :rj498 PREVIOUI  EDITIONS OF   THIS FORM  AFlE  OBSOLETE.     OD  FORM«  I4«1A.   I   NOV  •« 
AND  I4S6-I .   I  MAR 64 (FOR  ARMY  UICI  ARC OBSOLETE. 
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ABSTRACT 
i 

PROJECT MO.      3A061102B71R   Research In Blomdical 
Sciences 

TASK MO.        05 Envlronaental Medicine 

WORK UMIT MO.    082 Metabolic, Physiological and 
Psychological Effects of 
Altitude 

The following studies have been Inltltated or conducted under this 

work unit during the past year: 

STUDY MO.   19 The effect of stress and hydro- 
cortisone treatwent on protein 
■etabolisB in rats 

STUDY MO.   30 Body coaposltion of mice during the 
early stagea of altitude accll«atl«atlon 

Effects of acute exposure to sinulated high altitude, hydrocortlsone in- 
lections and hypophagia Induced by pair feeding were studied in s series of 
four interreleted experiasnts. Incorporation of "C-alanine and ^^C- 
leuclne into CO, and tissue carbohydrate, lipid and protein were assessed 
in vivo and in vitro. Data, although still to be completely snalysed, 
shöwlchat ■oBt~eTfects of altitude are attributable to hypophagia. 
Adrenocortical function appears to be slightly depressed. ExPO,a'* ^"t" 
to a sl-ulated altitude of 6,600 meters led to greater losses in body weight, 
lean body mass, body fst 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 nass •« *J"^' 
particularly at the higher elevation. This work unit is being terminated. 
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BODY OF REPORT 

WORK WIT WO.    082 Metabolic, Physiological and 
Psychological Effects of 
Altitude 

This work unit Is being temlnated. As a consequence of transfer of the 
Medical Research and Nutrition Laboratory functions to San Pranclsco and 
dissolution of the Physiology Division the mission In Envlronaental 
Medicine has been withdrawn. During the past fiscal year, however, the 

following work was accoaplished: 

STÜDT NO. 19 The effect of stress and hydrocortlsone treatment on protein 

metabolism in rats. 

PROBUEM: 

Altitude exposure has been shown to suppress appetite, reduce efficiency 
of food utilitation 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. 
Pinally, during the first few days of exposure incorporation of certain 
amino acids Into tissue protein is suppressed, while oxidation of these 
same smine acids is enhance!. To a large extent the high altitude shl«t of 
smino acid mttabolism toward catabollc pathways would appear necessary uo 
support energy demands of the animal. Thus, hypophagia during the acute 
stage of exposure leads to « Increased utilisation of body and <»i«tary 
smino adds 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 «tabollsm including gluconeogenesis and llpogenesis from amino 
acid precursors. Studies were therefore initiated to describe effects 
and interrelationships of caloric restriction, high altitude exposure and 
adrenocortlcal function on najor 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 oc seven days. During this Interval, body 
weight, food consumption, nitrogen excretion and adrenocorticosterold 
excretion were monitored dally and compared to controls living at 1600m. 
In the second study, four groups of rats were used. The control g""P 
was fed ed libitum on a meal-feeding schedule. Another group was similarly 
fed but exposed to 4300m for two dsys. A third group was pair-fed to the 
high altitude animals for two days on a meal-eating schedule. The last group 
»as fed for two days like the first group but was given daily injections of 
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extent. 

Metabolic. Fhyalologlcel and Paychologlcal Effecta of Altitude (Cont) 

hydrocortlaone aufficient to ralae aerum levela to twice normal. At the 
end of the tiro day experimental period the anlaala were sacrificed, liver 
and kidney.tlaaue waa exdaed, allcea prepared, and In vitro Incorpor- 
ation of 1 C alanine into carbohydrate waa «eaaured. In the third atudy 
three croupe of rete were studied under conditions which were identical 
to theee need in the second study except that a hydrocortisone group wee 
not Included. At the end of the two day experi-ental period the ani^la 
were injected with ^C alanine and aubaequent diatribution of label 
into glycogen, protein and lipid waa neaaured in liver, kidney, heart, 
adipoae and ekeletal wiacle tlaaue. In addition, oxidation of the label 
to 1*C02 waa alao followed in the intact animal. The fourth study waa 
identical to the third except for the amino acid label. In this instance 
oxidation and tlaaue incorporation of Uc leucine label was eonitored. 
The reaulta of theee atudlea are atill being evaluated atatlstlcally. hence 
only certeln qualitative effects are discernable. Theae Include a marked 
reduction in food inteke, growth and adrenocorticold excretion in rate 
subjected to high altitude expoaure. Gluconeogeneaia appeara to be enhenced 
in »air fed enimala but not in high altitude animals whereaa protein 
and lipid ayntheala waa .uppreased in both groupa to about the aame extei 
Tentetively. it would appear that »oat, but not all, effects of altitude 
on amlno acid and protein metabolism are attributable to hypophagia. 

RECOMMEHDATIOHS; 

Data reduction from theae studies should be completed, including appropriate 
atatiatlcal analyaea. Thia will be accompliahed even though the work unit 

la being terminated. 

STUDY BO.  30 *o*y  Compoaltion of Mice 
During the Early Stagea of 
Altitude Acclimatisation 

PROBLEM; 

All mamallan apeclea, including humans, exhibit a body weight loss 
during early stagea of high altitude ecclimatizatlon. In large 
meaaure. thia loaa la attributable to hypophagia. In humans, indir- 
ect eatimates of body composition by body densitometry «jj indicator- 
dilution techniquea have yielded controversial results with respect 
to particular organic and inorganic components contributing to 
the weight decrement. Direct meaaurementa, i.e., carcass analysis, 

in laboratory rat. have shown fat and protein to be the "J"^"^ 
utora. with little or no change In body water or mineral being *PP*™"- 
Lack of  change in body water 1. of particular intere.t since an ^"«ed 
loss might be expected, not only becauae of hypophagia and body pmoteln 
loaa but, perhapa «ore Important, becauae of an increased rate of 
reapirat^rTwater loaa. Thua, very small apecles would be 0P"''lng 
nearer their maximum ventilatory capacity during altitude expoaure end 
would be expected to exhibit high ratea of evaporative loss. 
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Hatabollc, Physiological and Psychological Effects of Altitude (Cont) 

RESULTS AND DISCUSSION 0? RESULTS; 

Adult laboratory «Ice were exposed to siaulated altitude of 6600B for 
periods of 3 and 7 days.    At termination of exposure they were sac- 
rificed and carcass analyses were performed.    Results of these analyses 
«ere coapared to results obtained In early studies conducted at 4550B (see 
PY 73 Annual Progress Report). 
During the first 3 days at altitude nice exposed to 6600 aeters lost 
considerably aore weight than nice exposed to 4300 aeters (16Z vs 82). 
At both elevations weight loss wss attributable priaarily to decreaant 
In body fat content, fat loss being substantially greater st the high- 
er elevation.    Effects after 7 days' exposure were soaewhat greater at 
both elevations than those observed at three days.    Body water when expressed 
as a fraction of final body wsight was not altered by exposure to either 
altitude.    However, when expressed as a fraction of lean body aass, signifi- 
cant decreaenta were observed.    These decreaents were aore pronounced et the 
higher elevation.    In addition, exposure to 6600 but not to 4300 aeters led 
to a reduction in fat-free dry nass.    This would indicate a loas of body 
protein. 

CONCLUSIONS: 

Becauae of changes in lean body mass, particularly hydration and protein 
content of this aaas, basic assumptions underlying estimates of human 
body coapoeition at high altitude (by indirect procedures such aa body 
denaitoaetry) will probably need revision. 

PUBLICATIONS: 

Hannon, J.P., L.P.  Krabill, I.A. Wooldrldge and D.D. Schnakenberg: 
Effects of high altitude and hypophagla on mineral metabolism. Jour. 
Nutr.   (submitted for publication). 
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23. (Ü) The abrupt translocation of military personnel from low to high terrestrial «1- 
titudea evokes msny physiological responses.    Animal studies «re conducted: 1)  to 
elucidate cardiopulmonary change« «nd their c«u«e« in animals exposed to high altitude, 
2) to describe the histologicsl and chemical nature of theee change«, 3) to determine 
whether these change« can be conaidered pathological or deelrable adaptive proce««e«, 
and 4) to explore more fully the extent that theee change« may be extrapolated to man. 
24. (0) Animal« were houeed in heated facilitle« «t 4300 m and at 1600 n to 1) compare 
their phyeiologlc and pathologic response to altitude relative to man and 2) Investigate 
change« in pulmonary vaacular prevaure and in lung «tructure during acute exposure to 
4300 m fro« 1600 m.    Right ventricular pre««ure was monitored by indwelling catheter, 
and lung« were examined by light microecopy. 
25. (0) 73 07-74 06.    Study 9.    Right ventricular pre««ure (Prv) was determined in 
unaneathesized cats at 1600 m and following rapid translocation (2 hr«) to 4300 m. 
Average Prv at 1600 m waa 17.0 mm Hg 2 hrs after catheteriaation, and 25.2 nm Hg 6-8 hr« 
«fter catheteriaation.    In cat« reloceted to 4300 m Prv wa« 22.1 «■ Hg poatoperatively 
(at 1600 n), 37.6 wm Hg 2-3 hr« later (immediately upon arrival at 4300 m), and 45.3 on 
Hg after 8 hr« «t 4300 m.    Hl«tologic study of fresh-frozen, freeze-«ub«tltuted lung 
tissue revealed no difference between controls (1600 m) and those at 4300 m for 24 hrs. 
The baseline Prv (immediately i*?-*-catheterlzation at 1600m) differed between these 
groups, but the striking inc.ease with acute exposure to altitude deeerve« farther 
«tudy.    This work unit 1« being terminated. 

-avai/eWeioconlfatlor^Mjo^jriJj ■afiSSa 

oo.r^Hse PRGVIOUI   BOITION»  OF   TMII   FORM   ARC   OBIOLETC.     OD   FORM,   14SSA     1    NOV   05 
AND   14M-1.   I   MAR <■   (FOR   ARMY   U»CI   ARB  OBSOLETE 

147 



ABSTRACT 

PROJECT HO. 3A061102B71R       RMcarch In BloMdlcal SCIMCM 

TASK ID. OS Rnvlnmatntal Madlcln« 

DORK ÜHIT HO.        085 C«rdl<»pul«m«ry Effects of 
Altitude on Anlaals 

STUDY MO. 9 Effect of acute altitude 
ezpoaure on the developuent 
of vaacular hjpertenslon In the 
■wake doMStic    nt. 

The Initial phases of right ventricular pressure elevation In response to 
high altitude aypoxla «ere studied In awefce cats with surgically laplanted 
ri^it ventricular catheters.    Right ventricular pressures were nonitored 
over s 24-hour pest-surgical period.    Six csts were trsnsportsd to 4300 t. 
Right ventricular pressure averaged 37 ■■ Hg at 1625 n, 39 ■■ Hg five houre 
after arrival at 4300 ■, and 48 m Hg after 17 hours of altitude exposure. 
Four csts aunitored at 1625 ■ for 24 hours had average right ventricular 
pressures between 21 and 26 ■■ Hg.   This work unit is being ternlnated. 
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BODY OP REPORT 

MOU imiT BO.   085 C«rdlopul«m«ry Effect» of Altitude 
on Anlwtlt 

urtm m 9 Effect of «cote altitude exposure on 
5TUDI ™' the develop-But of pul«on«ry hypertewlon 

In the «wake doaestlc cat. 

PROBLEM; 

Published accounta of »tudla» cooductad to deterBlna the effect of altitude 
££*. o« reaponae of pul-mary circulation In cat. ^^f '^^j 
irtth althar very ehort (lea. than 3 hours) or very long («ore than 3 veeka) 
«Doaarir Zmy ouaatlona r—ln to be «««red concerning phy.lologlc 
S^^ durSg SrLtarU period Ignored I« prevlou. atudlaa. The pur^ 
mrjf thl. atudy waa to avauata the responae of pul«nary circulation to 
n"alyJaSa dSlng th. flrat 2A hour, of phy.lologlc adju.fant In the 
avaka cat following rapid tranalocatlon to high altitude. 

RESULTS AMD MSCTgSIOW: 

RMulta obtained In thla atudy are preaented In Table 1.    Right ventricular 
pJlSSarin control cata kept at 1625 a for 2 hour. J0110^* "^ter

ValuM 
plac«ant ranged fro. 15 to 18 a. Hg during recovery from •»••J^!18'^8 

«htiW du-lna recovery In the altitude expoaed cat. were alallar.    During 
S^rJoir; fSll^S^atSeter pl«ce«nt right ventricular prea.ure. ranged 
r« 17 "   5 8 irS^in the control group.    Value. In the -Itltude expo..d 

«"P obtained l-edlately folloirlng recovery fro. ane.the.l. and i-jdiately 
Irlll to Jrwalocatlon to 4300 • were conalderably above the range noted In 

began to sob.lde at 24 houra. 

COBCLDSIOHS: 

reached at thla time. 

RE00MWENDATI0NS; 

~f -..ff^4.«t tine for coroletion of work now In progre.. la recom- 

temlnated. 

PUBLICATIONS:     None 
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Cardlopolwury Eff«cta of Altitude <m Anlaals (Cont) 

TABLE I 

Eight V«atrlcttl«r Pre««ur«« <m Hg) In iatak* 
Cat« with Eight VantrlcuUr Cathatar« 

4300« 

TIM bafora alt. 
5-6 3        
T2  

Tim following axpoaure 
1     5     9     n      21      EM' 

37 39    39    45      48      43 

(6) 

1625B 
Control (4) 

Tina following cathatarltatlon 
0    4-6    10   J^lj. 

17   25^1    25 

20-24   Bra. 
22 21 
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for management of oral and maxillofacial wounds. 
24. (U)   a.    Documentation of nature,   incidence and cause of oral and maxillofacial 
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ABSTRACT 

PBDJKCT NO. 3A162110A825        Oral and Maxlllofacial Sciences 

WORK UNIT NO.        060 E«rly Manageaent of Oral and 
Maxlllofacial Wounds 

Although initiated in 1965 as one of two "umbrella" type protocols 
under which all departmental research has been conducted. no «P«0"^ 
Sngle investigation has been carried out under this work unit number. 

At present, three subprojects are being conducted under this protocol, 
•IchTf Sich bears if own work unit mmber. Their work unit numbers 
and titles are as follows: 

«)    Work Unit No. 062 Incidence of Oral and Maxlllofacial 
Injuries 

b) Work Unit No.  064 Mandibular Bone Grafts 

c) Work Unit No.  068 Oral and Maxlllofacial Wound Infection 

Details relating to each of these investigations can be found in the 
report associated with the specific worl   unit number. 
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.,,,„,:,.,,.^-..„,.;-*»•«■ •■ 

BODY OP REPORT 

WORK UNIT NO.  060 Early Manageaenc of Oral and 
Maxlllofadal Wounds 

PROBLEM; 

Before solution of research problems can be undertaken, the problens 
■ust first be identified, and, as far as possible, defined. This 
protocol was originally devised to: a) Eatablish the nature, in- 
cidence, cause and management problems of oral and maxillofacial 
Injuries occurring in Army populations; b) Reduce Individual mor- 
bidity, non-effectiveness and supportive care by developing methods 
and techniques for management of oral and ■axillofaclal wounds. 

RESULTS AND DISCUSSION OP THE RESULTS; 

Through the specific avenue of subprojects allocated to the category of 
Early Management of Oral and Maxillofacial Wounds" but nevertheless 

bearing their own work unit numbers, various studies have been carried 
out to document the nature, incidence and cause of oral and maxillo- 
facial injuries by means of surveys of selected dental treatment 
facilities in the Pederal Services. 

In addition, laboratory studies have been directed toward development 
of methods which are practical under military field conditions for 
management of gunshot wounds of the maxillofacial area. Human 
clinical studies have been performed in order to validate labora- 
tory findings in some cases. 

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

a) Work Unit No. 062 - Incidence of Oral and Maxillofacial 
Injuries 

b) Work Unit No. 064 - Mandibular Bone Grafts 

c) Work Unit No. 068 - Oral and Maxillofacial WounJ Infection 

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

CONCLUSIONS; None 
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Early Managwent of Oral and Maxillofacial Wounda (Cont) 

ggcogjpmmoMSt 

Thl« protocol is terminated because of the closure of this department. 

PUBLICAIIOWS;    None 
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required, orientation of training programs  and direction of research activities. 
24. (U)  Survey of oral and maxillofacial injuries  at selected dental treatment  facili- 
ties of the  five Federal Dental Services. 
25. (U)   73 07 -  74 06    Over 8,000 cases of maxillofacial injuries have been reported. 
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study in a professional journal upon completion of data analysis.     This  study  is being 
terminated because of  the closure of this  department on 30 June 1974. 
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^JV?fM<#*W«,R*.-^f 

ABSTRACT 

PROJECT NO. 3A162110A825        Oral and Maxillofaclal Sciences 

WORK UNIT NO.        062 Incidence of Oral and Maxillofaclal 
Injuries 

Thl. study was initiated to obtain data concerning relative 1™"*™ 
md tvpas of oral and »axillofacial injuries treated by the five 
SderirientaJ Services.    Such baseline inforation is considered to 
he «ientSl for deten-ination of these Services' ^"^"^".^ 
ter£ of staffing, support required, training programs and direction 
o£ research activities. 

Selected dental treatment facilities of each of the five Federal 
DeitS Seme« lere surveyed by «ail. using a prepared questionnaire. 

To date    over 8,000 cases of maxillofaclal injuries have been reported. 

Se reSts^f this study in a professional Journal upon completion of 
data tabulation and analysis. 
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BODY OF REPORT 

WO IK UNIT NO    062 Incidence of  Oral and Maxillo- 
faclal  Injuries 

PROBLEM; 

This study was undertaken to obtain data relating to the incidence 
and nature of oral and maxlllofaclal injuries treated by the Federal 
Dental Services.  Such information Is considered to be essential in 
the determination of the Federal Dental Services' conmitment in this 
area with regard to staffing, support required, orientation of training 
programs and direction of research activities. 

RESULTS AND DISCUSSION OF THE RESULTS: 

The oral surgery services at selected hospitals of the five Federal 
Dental Services were furnished survey forms to be completed on all 
maxlllofaclal trauma cases treated at their respective facilities. 
The data were processed and tabulated by data processing equipment. 

To date, ove* 8,000 cases have been reported on survey forms returned 
to this department. However, tabulation of this accrued data has 
remained under the responsibility of the principal investigator who 
had departed this facility as a result of a permanent change of station. 
Data from 7,200 forms have been tabulated thus far. Upon completion 
of data tabulation and analysis, final results will be published In a 
professional Journal. 

CONCLUSIONS;  None. 

RECOMMENDATIONS; 

This study is being terminated because of the closure of this depart- 
ment. 

PUBLICATIONS:  None. 
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ABSTRACT 

PROJECT NO.     3A162110A82S   Oral and Maxillofaclal Sciences 

WORK UNIT NO.   064 Mandlbular Bone Grafts 

The following investigation has been conducted under this work unit: 

STUDY NO. 2 Gas Sterilization of Allogenic Bone for Grafting 
I Procedures 

The probability of contsmlnating allogenic, bone (AB) graft material 
during surgical procurenent and subsequent processing has necessitated 
the search for a simple means of sterilizing this material without 
compromising its potential for grafting success. The purpose of 
this study was to evaluate, bacteriologically, the efficacy of ethylene 
oxide gar in sterilizing surface decalcified allogenic bone (SDAB) 
and AB samples. 

Of 62 raw bone samples tested prior to chemical decalcification 
or desiccation, 61 were positive for bacterial growth. All bone 
samples tested at either of three stages during the chemical 
processing procedures were found to be uniformly free of bacterial 
growth during three weeks of aerobic and anaerobic incubation. 

Thus, 122 samples assayed after washing in 95 percent ethanol, 122 
samples assayed after exposure to ethylene oxide gas and 122 samples 
tested after lyophllization for 18 hours, respectively, were negative 
for bacterial growth. 
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BODY OF REPORT 

WORK UNIT NO. 064 Mandlbular Bone Grafts 

STUDY NO. 2 Gas Sterilization of Allogenic 
Bone for Grafting Procedures 

PROBLEM; 

Studies on dogs have been conducted in this laboratory in order to 
evaluate the effectiveness of allogenic bone (AB) as compared to 
surface decalcified allogenic bone (SDAB) in bone graft procedures. 
The probability of contaminating bone graft material during surgical 
procurement and subsequent processing has necessitated the search 
for a simple way to sterilize this material without compromising 
its potential for grafting success. 

Bone graft material is usually sterilized by ionizing radiation prior 
to placement in the recipient site. Since the equipment required to 
produce the necessary high levels of radiation is expensive and com- 
plex, there are relatively few sites in the U.S. where such sterili- 
zation can be performed. Moreover, considerable controversy exists 
as to the effect of radiation sterilization on the acceptlblllty 
of allogenic bone In bone grafting procedures. 

The purpose of this study was to evaluate bacterlologically the 
efficacy of ethylene oxide gas in sterilizing SDAB and AB samples. 

RESULTS AND DISCUSSION OP THE RESULTS: 

A total of 366 samples (192 SDAB, 174 AB) of various canine bones 
(tibia, 162 samples; mandible, 156 samples; radius, 48 samples) 
were chemically treated and bacterlologically tested. In addition, 
62 raw bone samples from the same sources were tested in order to 
obtain some assurance that test samples were indeed contaminated 
prior to Initiation of chemical processing. 

SDAB samples were tested bacterlologically at four different intervals 
and AB samples at three different intervals, respectively, before, 
during and after processing procedures required for each type of 
bone. All samples were approximately 0.5 cm^ in size and were 
washed in 95 percent alcohol for two hours at 5*0 and dried with 
sterile air for two hours in order to enhance gaseous penetrability. 
All bone samples were then subjected to gns sterilization for 64 
minutes at 60oC.  Following a 12 hour passive aeration period, 
aseptic lyophilizatlon was performed. 
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Gai Sterilization of Allogenlc Bone for Crafting Procedures  (Cont) 

Of the 62 raw bone samples tested prior to chemical decalclficatlon 
or desiccation procedures,  61 were positive  for bacterial growth. 

All bone samples  tested at either of 3 intervals during the chemical 
processing procedures were found to be uniformly negative for bacterial 
growth during 3 weeks of aerobic or anaerobic incubation.    Thus,  122 
samples  tested subsequent to washing in 95 percent ethanol,  122 
samples  tested after exposure to ethylene ox.tde gas and 122 samples 
tested following lyophlllzation for 18 hours, were negative for 
bacterial growth. 

■ 

The results indicate that exposure of canine bone samples to a 95 
percent ethanol wash is an effective means of destroying bacteria 
contaminating such samp1es as a result of handling during surgical 
orocurement and the reduction of bone samples  to achieve uniform 
physical dimensions.    Such microorganisms as Staphylococcus aureas, 
S. epidermidis,  dlphtheroids and gram negative rods usually consti- 
tuted the spectrum of contaminants encountered. 

As a result of the unexpected uniformity of  this effect of ethrnol 
processing,  the  true role of ethylene oxide in this method remains 
undefined.    Certainly,  the tandem effect of exposing all bones to 

I two separate sterilizing processes can be viewed as potentially 
additive in terms of the  resulting destruction of bacterial con- 
taminants . 

CONCLUSIONS; 

Exposure of canine allogenlc bone samples  to a 95 percent ethanol 
wash is an effective method for destroying bacteria contaminating 
these samples as  a result of handling during procurement and pro- 
cessing.    Because of the unexpected  iniformlty of this  effect of 
exposure to ethanol,  the true role of ethylene oxide gas in this 
procedure remains undefined. 

RECOMMENDATIONS; 

Future studies should focus upon deliberate  contamination of bone 
samples with known microorganisms.    Such specimens could then be 
used  to test  the efficacy of ethanol washes  alone,  as well as the 
effect of thfi tandem method employed in this study.    An evaluation 
of the effect of  this method on the grafting acceptability of the 
processed specimen has already been conducted and reported (see 
Work Unit No.   147,   "Bone Repair").    This study  Is being  terminated 
because of  the closure of  this department. 

PUBLICATIONS:     None. 
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23    (U)  a      To reduce  individual morbidity and mortality associated with oral and 
maxlllofaclal wound infections;  b.    To determine the most effective methods for 
treating Infected oral and maxlllofaclal wounds. ,,,*.,   ,        „J„ 
24.   (U) Clinical and laboratory study of Infected human oral and maxlllofaclal wounds, 
identifying all bacterial genera cultured from such  infections and delineating the 
antibiotic susceptibility patterns of all microorganisms involved.    Such information is 
collated with the clincial course of Infection in order to evaluate the effect of drug 

therapy. ,     ..    j *        i / •> 
25     (U)  73 07 -  74 06    A total of 262 infection samples were obtained from I'tZ 
patients.    Fron; this group,  882 pure culture strains were grown reflecting 48 different 
speciea  (21  gram positive,  27 gram negative).    The total number of P6*1^":"^"* 
strains  (PRS) was  267/882  (30.2 percent).    Gram positive PRS comprised 169/267  (63.2 
percenl.) of these strains.    In 121 Infections samples obtained from patients not 
receiving antibiotics at culture nor for one month previously,  69  (57 percent)  con- 
tained PRS.    Of these 69  infection samples.  54  (78.2 percent)  contained gram positive 
PRS.    Knowledge of changing antibiotic susceptibility patterns of bacteria involved in 
oral and maxlllofaclal  Infections constitutes a primary clinical guideline for therapy 
in cases where the empirical use of antibiotics is  required.    This study is  completed. 
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ABSTRACT 

PROJECT NO.     3A162110A825   Oral and Maxillofaclal Sciences 

WORK UNIT NO.   068 Oral and Maxillofaclal Wound 
Infection 

Literature reports, which deal with the antibiotic susceptibility 
patterns of bacteria coaprising the alcrobiotas of oral and maxillo- 
faclal infections, are not extensive. Thus the clinician treating 
such infections is clearly at a disadvantage in those Instances 
where an empirical approach to antibiotics thereapy is necessary. 

The purpose of this study was to identify the bacterial components 
of such infections and to determine, where feasible, the antibiotic 
susceptibility patterns of such bacteria. Such information could 
then serve as a guideline for therapy in these infections. 

Using standard clinical laboratory procedures, cultures were grown 
from selected patients having oral and maxillofaclal infections. 
Where possible, presence of penicillin resistant strains (PRS) 
was evaluated on the basis of the therapeutic status of the patient 
at time of culture. 

A total of 262 samples were obtained from 142 patients. From this 
population, 882 pure culture strains of bacteria were grown, represen- 
ting 48 species. The total number of PRS cultured was 267/882 (30.2 
percent). Gram positive PRS comprised 169/267 (63.2 percent) of 
these strains. 

In 121 cultures obtained from patients not receiving antibiotics, 
69 (57 percent) contained PRS.  Of these 69 cultures, 54 (78.2 
percent) contained gram positive PRS. Knowledge of the changing 
antibiotic susceptibility patterns of bacteria involved in oral 
and maxillofaclal infections constitutes a basic clinical guideline 
for therapy In cases where the empirical use of antibiotics is 
necessary. 
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BODY OF REPORT 

WORK UNIT NO.  068 Oral «id Maxlllofaclal Wound 
Infection 

PROBLEM; 

The rational use of antibiotic, in therapy of oral fdJ'«1^"1 al 

therapy. 

Th« literature relating to therapy for wounds of the maxillofaclal 
««. Is not «tensive.    The purpose of this study was to survey the 
Sc^ioJa ororal «i -xillofacial infection, and thereby provide 
Sldriine. for therapy by identifying bacterial components, to include 
antibiotic susceptibility pattern, of .uch bacteria. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Thi. .tudy wa. performed on .elected patients having oral and ***il10- 
ficial infecrio^, who pre.ented for treatment at the Department of 
Dentiatry, Utterman Army Medical Center. 

Prior to definitive therapeutic meaaures a b«cteriologic sample was 
obtained f.om the inflammatory site and inoculated ^«"^ J^^ 
thioglycollate medium. A dry culture swab sample wa8

i*l°° ^"^f* 
Both specimen swabs,  accompanied by pertinent data "l*'lng to ** 

I*-/* anA th* lesion    were iawediately forwarded to the Grai Micro 
Z\Z %ofwXi.7£*t of M«lU.f.cl.l Science.. Uuem» 
Army Institute of Research. 

Soecimens were evaluated for  identification of aerobic,   ^f'ative 
aTd r^roMc microorganisms  cultured from these l"Jon«-  c^XR 
^sc^ribility patterns, where feasible    were determined according 
to the Kirby-Bauer disc diffusion method. 

All laboratory finds  relating to culture characterization and anti- 
£ti™tlbUity data wire collated with the clinica    course 
of each Infection.    Additional specimens were obtained and ev*^*" 
on "diviSuai patients as deemed necessary by the attending clinician. 

Where possible,  the presence of penicillin-resistant ««ains   (PRS) 
„as evaluated on the basis of the therapeutic status of f* Pj"*^ 
aTthe time the infection sample was obtained.     Thus,   the incidence 
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Oral and Maxlllofaclal Wound Infection (Cont) 

of gram positive and gram negative PRS in these Infections could be 
related to the type of antibiotic therapy, if any, that the patient 
was receiving at  the time of culture. 

A total of 262 Infection samples were obtained  from  142 patients. 
Prom this population,   882 pure culture strains of bacteria were 
grown, reflecting 48 different  species  (21 gram positive,  27 gram 
negative).    Of these 882 isolations,  177  (20.0 percent) were gram 
negative. 

The total number of PRS  cultured was 267/882  (30.2 percent).    Gram 
positive PRS comprised 169/267  (63.2 percent)  of these strains. 

Regardless of the antibiotic therapeutic status of  these patients 
at  time of culture,  157/262 infection samples contained one or more 
PRS,  an incidence of 59.9 percent. 

From the 262 infection samples,  206 were selected and divided into 
two groups, based upon antibiotic therapy.    Group I   (85 samples) were 
receiving penicillin at  time of culture.    Group II   (121 samples) 
received no antibiotic at culture nor for one month previously. 
The excluded 56 cultures  represented patients who were either 
receiving other antibiotics or whose therapeutic status was unknown. 

In Group I:     54/85 samples   (63.5 percent)  contained PRS; 43/85 
contained gram positive PRS  (50.5 percent).     In Group  II:     69/121 
samples  (57 percent)  contained PRS;  54/121  (44.6 percent)  contained 
gram positive PRS. 

Because of earlier indications  that the species Staphylococcus 
epidermidls represented  an Increasing potential  for pathogenic 
implications  in these infections,  the following observations on 
this species were noted:    A total of 150 strains were grown,  of which 
97 were PRS  (64.6 percent).    Of  262 infection samples,  92 contained 
PRS of S.  epidermidls   (35.1 percent).    Moreover,  44  of  these  92 
samples  (47.8 percent)  were obtained from patients  not  receiving 
antibiotic therapy. 

For a variety of reasoi s ,   culture and senaitivitv  testing  is 
frequently not utilized by  the  clinician in  the  initial admini- 
stration of antibiotics.     In the absence of  the specific infor- 
mation obtainable from in vitro testing,  the clinician must  utilize 
an empiricaJ  approach based in large part upon a knowledge of 
epidemlological data relating to  the infections which he encounters. 
Therefore,  although  currently controversial  in many  of  its specific 
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Oral and Maxlllofacial Wound Infection  (Cont) 

applications,  the use of empirical or prophylactic approaches  to 
antibiotic therapy In oral and maxlllofacial Infections Is recognized 
as a valid, and at times, essential, factor In their management. 

The general availability of various penicillins, however, has led 
to the widespread use,  and abuse, of these drugs with resultant 
increases In resistance of bacteria formerly susceptible to this 
class of antibiotics. 

In view of the widely promulgated operating principle that penicillin 
G Is the unquestioned drug of choice In those oral and maxlllofacial 
Infections where an empirical approach is  initially  Indicated,  the 
data accrued in this  study are of interest.    Penicillin  therapy in 
oral and maxlllofacial infections is apparently related  to a sub- 
stantial Incidence  (63.5 percent)  of PRS in test samples.    Of 
potentially greater concern,  however,  is the Incidence of gram 
positive PRS  (44.6 percent)  among infection samples derived from 
patients not receiving antibiotic therapy.    In this  respect, 
the relatively high incidence of penicil)in-resistant Staphy- 
lococcus epidermidls   (47.8 percent)  in patients not receiving 
antibiotics, may be significant. 

While no attempt has been made  to analyze these PRS on the basis 
of classical concepts of pathogenicity,  it must be  recognized  that 
any baccerial species cultured from a clinical infection should 
be regarded as at least potentially pathogenic.    In view of 
increasing suspicions that S.  epidermidls may possess ample patho- 
genic potential,   the clinician employing an empirical approach 
in the initial administration of antibiotics  therapy  in these 
infections should be aware of the pitfalls in the arbitrary use 
of penicillin. 

These findings emphasize the need for epidemiologic data as 
clinical guidelines  for empirical use of antibiotics  in the manage- 
ment of oral and maxlllofacial infections, vhen circumstances 
dictate such an approach. 

CONCLUSIONS; 

Gram positive penicillin resistant strains of bacteria are frequently- 
observed components of  the microbiota of oral and maxlllofacial in- 
fections surveyed at Letterman Army Medical Center,  regardless of 
the antibiotics  therapy  status of  the patient. 
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Oral and Naxlllofacial Wound Infection (Cone) 

Periodic epidemiologic surveys of the Infection floras of such 
wounds, together with antibiotic susceptibility screeulngs, are 
essential for clinical guidelines for empirical use of antibiotics 

in these injuries. 

RECOMMENDATIOWS: 

This study is completed and will be submitted for publication in a 

scientific journal. 

PUBLICATIONS: None. 

167 



RESEARCH AND TECHNOLOGY WORK UMT SUMMARY 

I. Mtt PMV stnrnv 

73 07 01 
4. «me or MMMADV 

D. Change 
10. MO./COOUl* 

JQBÜQQQQL 

PnOOOAM ■k.CMCNT 

62110A  
621iÖA 

I^UMMAII^CT^ 

u u 
PKOJBCT MUtMCn 

3AU211ÖA83Ö 
5X525113X538 

I. «MMCT »C 

NA 

i. MT( or i 

 I    7A 07 01  
"MSSÄBM? bftOMniMtTM-M      l«k(»ICiriCO«T*-     b. LIVtL or tUM 

NL 
TASK «M* NUM«an 

TJO w 

DD-DRIkB(ÄR}636 

sac 
B 

TIIACTO« ACCUt 

n>    a A MM UMT 

•OKK UNIT NUMMER 

(U) Nutritional Aspects of Millfry Dog Performance 
■ L ICISMTiriC AND TICMNOLOaiCM. ÄSJÄ? 

002600 Biology;  012900 Physiology;  016700 Stress Phvaiologv:  006500 Food 
t mW MTt ^^ IliC HTMATlfWlIfMh MW lit »Uilfciif «Aih^v   "^ ' U. MuriBU-et «tVNoo 

60 06 
. COMTIIACT/ailAHT 

A OATti/trrtcTivci 

Ik MUMatR:* 

CTYM, Nof. Applicable 

CONT 

•KMHATIOMI 

* AMOUHTl 

f. CUM. AMT. 

it. «uroNuai.« ooo OMOMHIATIOH 

NAM^Letternan Army Institute of Research 

AMMut.« Preaidio of San Francisco, CA    94129 

MtPOMUn.! INDIVIOUAL 

"««'    Canharc, J.E.,  COL   MC 
TitwwNt.   415-561-3600  

II. OIHCHAU Utt 

Foreign Tnttlligence Not Considered 

M. 
«. MMHIlie» IITMATI 

ritCAi 

VIA« 

m. »carowrao e««Aiui*Tioa 

C. In-House 
A MIOrcMIONAL MAM vu 

^5_ 

2JL I 

k ruNiai»! 

21J- 

%L 

NA-t^ Letterman Army Institute of Research 
Path & Comparative Studies Div 

•••"■•tresldio of San Francisco, CA    94129 

MUMCirAi wvUTiaAtea rrvaMA IM« » v.i, A 

"••«•Hannon, J.P. 
TILIPHOM. 4X5 561-4714 
•OCIAL WCUAITV ACCOUNT NUMM«:     558—32~6967 

AWOCIATI INVKTIOATOM 

—«' Bucci,  T.,T.,  LTC,  VC 
rfirakv. B.tW CFT. YC 

imrm*ui*~*i*aiMMha~.a^w (u) phyrical Performance;   (U) Physiology; 
.I2&. 

(U)   Fatigue:   (V)   Phvw^al   TriHn<nf-    ^I^   NufrlMnn   fU^   Fnrred  F.XP.rrlHe:   (V)   Stamina 
rr?SNNICAL OWlCTlVt.» I* APP^A"." JAOIMÄI"»*«-*    %W4M ^S». M^IM * «=! ^M^N «I - — -.• «M^lT CI-iÄ«— C—., 

23. (U)  Dogs are used extensively by the U.S.  Armed Forces for sentry, patrol and other 
duties.    Although rigorously screened prior to selection and trained thereafter, a sub- 
stantial number of dogs lack stamina.    The cause is not understood but appears to be 
organic rather than psychic.    There  is a need  for detailed information about the factors 
which influence performance,  and how these might be improved by  training, diet, selec- 
tion or other procedures      The object of this study is  to develop laboratory and field 
tests  to assess nutritional and physiologic aspects of military dog performance. 
24. (Ü)  Nutritional studies have been conducted compariig the efficacy of 3 different 
diets  (Study No.   2)  Studies  to establish precise Oj consumption and caloric require- 
ments  for known levels of energy expenditure,  and to assess blood gas  and acid-base 
status by  capillary arterttlzation are planned or in progress. 
25. (U)   73 07 - 74  06    Data accumulated between July 1972 and June  1973  (Study No.  2, 
see Annual Report  FY 73) was completed,  tabulated and analyzed.    A Numbered Laboratory 
Report was drafted  and is being edited.    Carotid artery  loops were created in four dogs 
and the dogs were  trained to exercise on a treadmill. 
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ABSTRACT 

PROJECT NO. 3A062110A830        Biosensor Systems 

WORK UNIT NO.        061 Nutritional Aspects of 
Military Dog Performance 

A laboratory report is in preparation of the results of Study No. 
2, completed during FY 73, in which 3 different diets were compared 
in dogs exercised by swimming and treadmill running.    All 3 diets 
were adequate at the levels of exercise employed.    Studies are In 
progress to establish the precise relation between known amounts of 
energy expenditure and O? consumption and therefore caloric require 
ment, and to assess capillary arterialization as a simple means to 
determine acid-bsse and blood gas status. 
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BODY OP REPORT 

WORK UNIT NO.  061 Nutritional Aspects of 
Mlli'arv Dog Performance 

PROBLEM 

Experience in Viet Nan and certain CONUS areas has demonstrated that 
military working dogs have insufficient stamina in hot humid environ- 
ments. This laboratory has shown that decreased food consumption 
under those conditions contributes to weight loss and presumably to 
decreased endursnce. Provision of a highly palatable calorie-dense 
diet enabled the dogs to ingest sufficient calories to sustain their 
weight. 

These experiences emphasized the paucity of data concerning the 
nutritional requirements of working dogs and further studies were 
undertaken to clarify some of them. This study was initiated late 
in FY 70 and involved comparison of 3 diets in dogs exercised by 
swimming and by treadmill in a temperate environment, with evaluation 
of endurance, histochemlstry of skeletal muscle, and of numerous bio- 
chemical characteristics as a function of exercise and diet. 

Still needed in the field is some easily-measured deteriminant of 
caloric requirement. Heart rate and body temperature may be useful 
as a predictor of energy expenditure but the precise relation between 
0j  consumption (and thus caloric requirement) and heart rate and body 
temperature must first be established in the laboratory for a spectrum 
of energy expenditure levels. 

J^ 1 ULTC AND DISCUSSION OF RESULTS: 

Results of the diet comparisons have been described in preceding Annual 
Reports. During FY 74 the voluminous data were organized, analyzed and 
tabulated, and a numbered Laboratory Report was drsfted and is In the 
final stages of being edited. 

CONCLUSIONS: 

Under temperate conditions and at the levels of exercise examined, all 
three diets were adequate. 

RECOMMENDATIONS: 

Because a number of diets may be adequate under moderate conditions of 
exercise, but special diets are indicated under particular circumstances, 
a field-expedient means to determine caloric requirement is necessary. A 
nomogram relating heart rate, body temperature and caloric requirement 
appears to be one means of fulfilling this need. The relation among these 
should be established in the laboratory over a broad range of levels of 
energy expenditure. 
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3. (U) The pathogenesis and etiology of panosteitis has not been described.  It is re- 
ported most frequently in the German Shepherd Dog, the breed used as a military working 
dog and currently being aelectlvely bred to better fulfill divergent military requlre- 
mnts.  Accurate definition of the etiology and pathogenesis may offer an opportunity 
to eliminate poor genetic stocks or Improve methods of treatment and develop control 

measures. ^ ,     k ^».j  .m u- 
24. (U) Dogs with clinical and radlographic features consistent with panosteitis will be 
identified for additional study. Radlographic and hematologic findings and clinical 
chemistries will be aonltored bimonthly.  Biopsy specimens from Involved bones will be 
examined for infectious agents and biopsy material transferred will be Inoculated into 
Ether dogs.  Siblings, with at least one of the partners' having had panosteitis, will 

e mated to evaluate genetic factors. 
5. (U) 73 07-74 06 TVo cases of canine panosteitis developed during the report period, 
he lesions were characterized radlographlcally and by bone biopsy.  In a third case 
rogressive development of skeletal lesions was documented during routine radlographic 
jonitoring; no clinical signs were evident, indicating the existence of a subclinlcal 
ihase of this disease, previously unsuspected. Results of hematologlc and biochemical 
nalyses were noncontrlbutory as were transmission and isolation studies.  Electron- 
ilcroscopy, attempts to Isolate viral agents, and increased surveillance of susceptible 
ogs will be undertaken upon anticipated expansion of laboratory facilities. 
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ABSTRACT 

PROJECT NO. 3A162110A830 

WORK UNIT NO.        066 Study of the Etiology,  Biological 
Par «act «r s, Pathogenesis and 
Control of Panosttitis of Dogs 

Panosteitis is a syndrome characterized clinically ty debilitating, 
transient and recurrent laaeness in young dogs.    It is usually 
acccapanied by fever, occasionally by aoslnophilla.    Radiographically, 
fully-developed lesions appear as densities In the marrow canal of 
long bones.    The German Shepherd Is the breed most affected and the 
disease occurs in dogs produced in the Army's Biological Sensor Research 
program.    While the strong breed predilection has suggested a herit- 
able cause for the condition.  Its cause is unknown.    Elucidation of the 
cause may afford the opportunity for control of the condition. 

Seven dogs were obtained from the Biosensor Research program,including 
two which had previously had attacks of the disease, and two of their 
siblings.    Brother-sister matings were performed and all dogs were 
monltorad clinically and radiographically.    One had a recurrence, an 
attempt to transmit the condition with biopsy material from bone lesions 
was unsuccessful.    Another dog had radlographic evidence of the disease 
in the absence of clinical signs.    This is the first recognized case 
discovered with a subcllnical phase. 
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BODY OF REPORT 

WORK UN« »0.   066 ^iL^^N"^-"^^.»! 
of Panosteitis of Dogs 

PROBLEM: 

pm„.t.ltl. 18 . .yndr-e «.t fr.quj-ntly «ported In the Ger^n 

I-ä -t S^;^^-»- rillet 
10-11 de,, but the entire ^^ "^^^^"in tJ   L"» c.vlty 
Unions neuelly eppeer es r""0*r,E"' "*"!„" J „„uly In »ost 
nesr the nutrient £ors«n of long boff*"d °!";d 'Se oortex mny 
oeses to occupy the entire "••""","1,bon* "f"""^.™! the lesion Is 
be feethered on the per'osteel surf see.    """J"«1"^ 'ollferati„„ 
described ss sn ^»""^'f ''^"^rrioch^l«! riterstlons 
«1th or «Ithout loesl eoslnophllls.    s""" "°c" a„d .u.couutec 
end p.rlpher.1 eoslnophllls hsve been «^«^ »^ guested In- 
by other Inventlgstors.   */«'"^ """'..„I'I and ,lr.l sgents, 
r ^"0!'^sU^'Td^r^niogy h.. not been 

rä™ Shepherd Is used «• ? """«^lufe^r^uli^tr^e 

p^S"1^ ^orS^rofl^nt^ d.«Lp control 
or preventive measures. 

RESULTS ANI^DIJCySSIO^OF_jraXRE^L-TS: 

Seven dogs were ac.uired fro« the Division o^iological Sensor Research 

(WRAIR). Aberdeen ^-/"/^^^ ^"24 0 tob« 2S0O.. IsOl. 2802, 
tained during the period 17 A"gu8%^OUf837 and 2848 had had clinical 
2808. 2809, 2837. and 28A8. Dogs 2800. ^J *n^°lval although all 
and ^.ographic evidence of PJ"08^1 gSJ^^g? ^^'femlle siblings 
were symptoo-free when received.  Dogs 28°I. ^."^DroRram.  DogS 2808 
of 280^ were obtained to initiate **J^^^*^ a 8?bli„g 
and 2809 were included because they J^/ ^^/Lice'.nonthly. On 
mating. The long bones of all do«8**""^ complete blood counts, 
the same ^Jf/S0"8/ ^^L^Cse - c^Srles: calcium, inorganic 
Serum was obtained for the ^J1^8 lkallne phosphatase. glucose, blood phosphorus, total pro ein. albumin alkaline P  ^^^ lactic 

urea nitrogen, uric acid chol"t"°;' "„ßaminase. serum was frozen 
dehydrogenase and glutamic-oxalacetic transaminase. 

for possible future use. 
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Study of Etiology, Biological Parameters, Pathogenesls and Control of 

Panosteitls In Dogs (Cont) 

During the period, two dogs experienced syndromes consistent with 
panosteltis. Canine male 2848 has recurrence of lesions that were 
first diagnosed at aberdeen, Maryland, in early September 73, when 
he was nine months of age. During the subsequent months of November 
and December severe lameness developed in all limbs. Concomitant 
with severe pain, radiographic densities appeared in the marrow cavity 
of the diaphysis of long bones. Sequential biopsy specimens of the 
cortex and marrow were obtained to document the histologic leaions, to 
obtain material for transmission studies and to attempt to Isolate an 

Infectious agent. 

On routine radiography of 2r-month-old female canine 2801 a small 
endosteal ndensity appeared, followed in two weeks by complete 
diaphyseal marrow involvement. These radiographic changes were 
consistent with those reported in the literature and with those 
observed in 2848. Acute clinical lameness was not observed in 
periods immediately prior, during or subsequent to radiographic 
diagnosis. Study of the history indicated lameness had been re- 
portedfor a 5-day period two months prior to radiographic diagnosis. 

Study of 
this case indicated severe radiographic changes can occur 
without indentifiable clinical signs.    It also points out the value 
of periodic radiography as an important adjunct to identify clinically 
silent cases.    Macerated marrow was removed from 2848 and passed 
directly to the marrow cavity of a male Juvenile German Shephera. 
Transmission of the disease was 
unsuccessful.    Additional bone and 
marrow has been frozen (-17'C)  for future virus isolation attempts 
and other specimens were fixed in 2Z gluteraldehyde for electron 
microscopic study when new facilities in Phase I LAIR permit. 

CONCLUSIONS: 

(1) When the lesions of panosteltis are diagnostic by current methods 
(radiographic and histologic)  the disease is of chronic duration and 
its cause not really identifiable.    Attempts to isolate a causative 
agent may be successful only during earlier stages of the disease. 
(2) Serum concentration of en«yme-, electrolytes and other metabolites 
does not aid  in the diagnosis of panosteltis. 
(3) Peripheral eosinophil counts in affected and non-affected German 
Shepherd dogs  in this study were variable and occasionally extremely 
high.     They could not be correlated with the essential criteria for 
the diagnosis of  the disease. 
(4) Routine radiographs can Identify clinically silent cases. 

^COmffiNDATIONS: 

(1) With the availiblllty of  increased space in Phase I, additional 
affected animals should be added to the study to better elucidate 
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Study of Etiology, Biological Parameters, Pathogenesis and Control of 
Panosteitla in Dogs (Cont) 

paraaeters currently under study. 
(2) Continue periodic collections of serum for subsequent study but 
discontinue routine serum biochemical analysis. 
(3) Expand the effort to identify pre-radiographically positive cases. 
The labeling of osteoblasts with radioactive technitium followed by 
bone scan may afford the opportunity to identify initial stages of the 
disease.  In FY 75 the present group of dogs will be observed closely 
by a variety of techniques, in an Increased effort to identify and 
atudy early stages of the disease. Attempts will be made to precipitate 
recrudescence of the disease by exercise and other stress. Matings 
between formerly-affected siblings will be performed in an attempt to 
obtain offspring with greater predilection for the disease. 
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ABSTRACT 

PROJECT NO. 3A062110A827        Military Environmental Medicine 

TASK NO. 05 Environmental Medicine 

WORK UNIT NO. 070 Hlg'. Altitude Bloenergetlcs - The 
Physiological Consequences of 
Altitude Exposure Upon the Soldier 

The following Investigations have been conducted unaer this work 
unit and Work Unit 168, "The Effects of Diet Upon respiratory 
Metabolin." 

STUDY NO.  1    The Effects of a Glucose Meal 

STUDY NO.  2    The Effects of a High Fat Meal 

Study No. 1.    The effects of a glucose meal on pulmonary function 
were observed in 7 healthy males at medium (1,600 m) and high 
(4,300 ■) altitude.    Following the Ingestion of 410 kcal of glucose, 
peak blood glucose values  (P<.05) were noted 1/2 hour after glucose 
Ingestion with a subsequent decrease to a level below fasting at 
both elevations.    At the same time, triglycerlde levels significantly 
declined  (P<.05) from 104.2 to 83.3 mgm at 1,600 m and 103.7 to 
80.5 mgm/lOO ml at 4,300 m.    Both expired minute volume (VE) and 
tidal volume (VT)  Increased in response to translocatlon to altitude, 
while VT Increased by 10.9Z and 13.3Z at 1/2 hour for 1,600 m and 
4,300 m, respectively.    The oxygen uptake per minute  (VQ,)  increased 
(P<.05) during glucose elevation, while partial pressure of alveolar 
oxygen (P^Q ) remained essentially unchanged except for differences 
associated Zwith translocatlon to altitude.    A 13.9% Increase was 
noted In pulmonary diffusion of carbon monoxide  (DL--) following 
glucose Ingestion at 4,300 m along with a decreased "?<•05) 
triglycerlde level.    The increased DL_0 values suggest an advantage 
of a glucose meal for individuals transported to high altitude. 

Study No.  2.    A liquid high fat meal  (70Z corn oil) was given to 8 
healthy male subjects followed by a series of respiratory function 
measurements including pulmonary diffusing capacity, membrane 
diffusion (Dm) and mean capillary volume (Vc) at medium (1,600 m) 
and high (4,300 m)  altitude.    The processing of data is continuing, 
however it appears that even with a one-time high fat meal Dj.. 
values are decreased.    Further data evaluation is necessary ana 
follow up investigations are suggested. 
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BODY OF REPORT 

Lnrnr IINTT NO    070 *W Altitude Bloenergetlcs - The 
WORK UNIT NO.  070 Physiological Cousequences of 

Altitude Exposure Upon the Soldier 

STUDY NO.   1 ^ EffeCt8 0f * G1UC08e Me81 

PROBLEM: 

ToUr..c. to phy.lolo8lc.l «r... I» vital to J^ "J^"1 

rZVtm TZ£™l'-^Zl ZZuy.    Durlog «po.«. to 
Ä'Ätltu.., -W-" ^7.^01« ^»T.  r«. ta». .Iter^ ventilation and Increas«! «Ivaolar oxygen pre. 
The conaaquence of t'ai. change «as a ral.ed P,02 and a higher 
oxyhanoglobln aaturatlon (S,^). 

Unfavorable pulmonary '"P-- ^^eTa^ 

creaks, although unresolved, is ^^^"^„^/^^tlble 

affT1ri h^e^rglyfer^^^ ^ :ehry re^rfSrittciii^ 
particularly for gaseous    exchange Including D^Q following acute 
tranalocation to altitude. 

RESULTS AND DISCUSSION OF RESULTS; 

Seven healthy «ales acclimated to 1.600 » -J^^1^ ^ " 
and 4.300 m.    Measurements «ere made In the fasting state an 
after a glucose meal  (410 kcal). 

rc^r»^^i^ .Ti^e^rros.^«.1^ 
locaU^n with a glucose meal. 

There was no significant change in ^D -"8%:ires^et
Vin-ed 

glucose levels at 1.600 m.    However.^Ke ^C0 y^8/^ gluc08e 
Lined above fasting measurements ^ring the elevated bl^      g^ 
phase at 4,300 m and were not significantly different  cna 
1 and 2 hour values at 1,600 m. 
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High Altitude Bloenergetlcs - The Physiological Consequences of 
Altitude Exposure Upon the Soldier (Cont) 

Favorable ventilatory responses were seen at altitude «long with 
Increased D*™ values  (P<.05) following glucose Ingestion.    However, 
ST    wea"?«» function Independent of triglycerides under these 
cöiWances since triglycerides continued to decrease Unearly 
following glucose Ingestion.    Fasting D^   values decreased with 
acuJe aUUude exposure.    However, W8c"a8ed/^" ef to lining 
periods of elevated serum glucose measurements and returned to fasting 
values by the third hour.    Similar responses in D^ were not 
obaarved at 1.600 m altitude since D^    remained constant «cross 
tlL.   Although the oxy-en uptakes w^2 significantly "^f <J-7« 
indicting an increaae In energy expenditure at 1.600 -j «"<> *300 ». 
DT    did not significantly change at 1600 m. but the 17.4% increase 
of^ru. glucosfat 4.300 m was accompanied by a 15.8% increase In 
D.      at 30 minutes post glucose Ingestion. 

COHCLUSIONS; 

The results of the present study indicate a beneficial e««^ 
of a glucose meal at 4,300 m altltud .    With acute translocatlon 
to altitude DT^ was Improved following glucose ingest ion.    These 
resets iuggei?0«» Increased carbohydrate requirement at altitude 
to Increase pulmonary diffusion to pre-altitude levels. 

REC0MKEHDATIONS; 

From the results obtained In this study further investigations of 
macro nutrient distribution in the diet is recommenJed, i.e., the 
effects of a protein meal and using glucose lotdlr.g prior to acute 
translocatlon to altitude.    This may provide extended endurance to 
hypoxlc stress not accomplished from a single meal of 410 kcal 
(glucose). 

PlTiLICATIOHS: 

None. 

STUDY NO. 2 The Effects of a High Fat Meal 

PROBLEM; 

Elevated serum triglycerlde levels may decrease V^lf^ry diffusion 
capacity (DT  J similar to IV lipid Infusion by modifying the rate 
of «s exchSge from the alveolar to hemoglobin   (9).    Transient 
decreases In D^ including Pao   and Sao   have been observed In 
recent studies ?8llowing fat iSgestion a&i is related to the in- 
creased chylomicra in the blood.    Alveolar membrane diffusion (Dm) 
has not been observed under these conditions.    Alterations in 
capillary membrane and alveolar tissue resulting from llpld 
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High Altitude Bloenergetlcs - The Physiological Consequences of 
Altitude Exposure Upon the Soldier (Cont) 

aggregation may contribute to the reduction in D^ as well as 
changes In 6.    D^,    is a linear function of D,,, and the capillary 
blood volume  (Vcr9 0). « relationship easily measured by basic 
D»,,    techniques.    With reduced T^   values, aerobic capacity may be 
loSered and seriously limit the military man's physical endurance 
with acute translocation to altitude and low ambient O2. 

RESULTS AMD DISCUSSION OF RESULTS; 

The subjects were 8 males from 19 to 25 years of age, who were 
acclimated for at least 6 months at 1,600 m altitude.    After an 
overnight fast,  blood samples and pulmonary measurements were 
acquired prior to and following the oral Ingestion of a high 
fat meal. 

The data at present is being processed for statistical analysis. 
However,  it appears from the preliminary results that a high 
fat meal does in fact result in a decreased D^ at both medium 
and high altitudes. 

CONCLUSIONS; 

A single high fat meal appears to increase serum trlglycerlde 
levels sufficiently to reduce pulmonary diffusing capacity. 

RECOMMENDATIONS; 

Complete computer and statistical analyses of the data and 
publish the results. 

PUBLICATIONS; 

Dramise, J. G.,  C. M.   Inouye,  B. M. Chrlstensen,  R. D.  Pults, 
J. E. Canham,  and C.  F. Consolazlo.    The effects of high carbo- 
hydrate diet on human pulmonary function at 1,600 and 4,300 meter 
altitudes.    Submitted to Publications Review Committee. 
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ABSTRACT 

PROJECT NO. 

WORK UNIT NO. 

3A062110A827 

073 

Military Environmental 

Medicine 

Physiological, Metabolic and 
Psychological Aspects of 
High Altitude Exposure 

The following studies have been conducted under this work unit 

during the past year: 

STUDY NO. 

STUDY NO. 

Acute mountain sickness 
symptomatology subscale 

The interrelationships of 
cardiopulmonary function and 
performance during prolonged 
altitude exposure of humans 

Effects of  two and  four day staging at  elevations of  1600 and  3400m 
on subsequent severity of Acute Mountain Sickness  (AMS)  at 4300m were 
studied in a collaborative effort by personnel  from Letterman Army 
Institute of Research and  the U.S. Army  Institute of Environmental 
Medicine.    Fifty-two subjects were studied.     Four day staging at 
both 1600 and  3400m substantially alleviates symptoms of AMS commonly 
induced by rapid exposure of sea level subjects  to 4300m.   Studies of 
graded exercise  in six Denver men exposed  to 4300m for two weeks showed 
early stages of exposure were associated with transitory  increases  in 
cardiac output,  heart rate and stroke volume.     Later,   these variables 
returned  to,  or below, values observed at  low altitude.     Temporal 
changes  in blood gases and acid-base regulation  in these subjects were 
studied at  rest  and during exercise.     Analysis  of data from 8 female 
subjects exposed for 78 days to 4300m showed a marked and sustained 
reduction in urinary acid and ammonia excretion.     Blood acid-base 
chemistry was nearly, but not fully,  returned  to low-altitode character- 
istics at  the end of  78 days.     In contrast,  pulmonary function and 
cardiovascular  function appeared to acclimatize after  two and four weeks, 
respectively.       This work unit  is being  terminated. 
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BODY OF REPORT 

WORK UNIT NO.        073 Physiological, Metabolic and 
Psychological Aspects of 
High Altitude Exposure 

Due to the transfer of function from U.S. Army Medical Research and 
Nutrition Laboratory In Denver to Letteman Army  Institute of Research, 
Presidio of San Francisco, and the consequent dissolution of the 
Physiology Division and loss of the Environmental Kadlcine mission 
this work unit Is being terminated.    During the past year the fol- 
lowing work was accomplished. 

STUDY NO. 5 Acute Mountain Sickness 
Symptomatology Scale 

PROBLEM: 

Development of a reliable and valid questionaire for assessing sub- 
jective aspects of Acute Mountain Sickness (AMS) has been a primary 
concern of this work unit since 1963.  To date, it had been shown 
that a 4-8ub8Cc\le breakdown (i.e.. Arousal Level, Somatic Discomfort, 
Tired, and Mood) of Evan's General High Altitude Questionnaire (GHAQ) 
affords improvec1 measurement characteristics of high-altitude induced 
symptomatology. Additionally, the potential for these subscales to re- 
flect diurnal- aud/or drug-induced alterations in AMS symptomatology 
has been shown. Continued study has centered upon: (a) collection of 
further data in a study which dealt with certain cardiovascular var- 
iables as they relate to maximum aeorobic capacity (see Study No. 9), 
and (b) revision, expansion, and administration of the GHAQ in col- 
laboration with USARIEM staff in a 1973 study entitled "The Effects of 
Staging on the Acute Adaptation of High Terrestrial Elevations." 

RESULTS AND DISCUSSION OF THE RESULTS: 

Fifty-two Army enlisted men were administered a 30-8ymptom, self-report 
questionaire during a control period at San Antonio, Texas (.200m)  and 
subsequently during a four day experimental period on Pikes Peak 
Colorado (4300m).  Four groups were studied: PP, direct ascent to Pikes 
Peak; CC2 and CCA, two and four days at Cripple Creek, Colorado, (3400m), 
respectively prior to ascent to PP; and 04, four days at Denver, Colorado 
(1600m) prior to PP.  Factor analysis of the symptom data showed that 
select symptoms could be combined to form four subscales:  headache, 
fatigue, rardiorespiratory and arousal.  Subscale scores for headache 
and fatigue for groups PP and CC2, cardiorespiratory for CC2 and D4, and 
arousal for all groups Increased significantly between 200m and 4300m. 
*Jo other group by day differences were significant.  Results indicate 
tnat delaying ascent &-  1600m or 3400m elevation for four days substan- 
tially alleviates the sym-toma of AMS commonly induced by rapid exposure 
to 430Chn. 
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Physiological, Metabolic and Psychological Aspects of High Altitude 
Exposure  (Cont) 

CONCLUSIONS AND RECOMMENDATIONS; 

The GHAQ continues to be an accurate tool  for evaluating the symptoms 
of AMS.    The present revised version is particularly useful in detec- 
ting subtle within and between subject differences.     Staging for a 
period of four days or more at medium altitudes of  1600m or more is 
highly recommended as a means for alleviating AMS   it higher elevations. 

STUDY NO.    9 The Interrelationships of 
Cardiopulmonary Function and 
Performance During iroloaged 
Exposure  in Humans 

PROBLEM: 

EXERCISE: 

Two types of  steady-state,  submaximal werk have been extensively 
studied at high altitude.     In one, workloads were arbitrarily sel- 
ected with all subjects performing at  the same absolute levels,  e.g. 
400 and 700 kpm.,  at both low and high altitudes.     In the other, 
workloads were based upon preselected fractions,  e.g.   25 and 50 percent 
of maximum oxygen con«'ucntion,  the latter being determined in prelim- 
inary experiments conducted at  low altitude.     Neither  type takes account 
of the fact  that maximum working capacity is reduced at high altitude. 
Thus,  in transition from low to high altitude,  a given submaximal work- 
load increases,  relative to maximum working capacity.     To evaluate this 
problem in experimental design, cardiopulmonary function was studied in 
a group of soldiers  in which submaximal workloads were adjusted to pre- 
selected  fractions of each subject's maximum work capacity, determined 
at both low and high altitude. 

RESULTS AND  DISCUSSION OF RESULTS: 

Six young men,  residents of Denver  (1600m) were studied at that altitude 
and, over a 14-day period,  on Pikes Peak  (4300m).    Maximum oxygen consump- 
tion was decreased by approximately 12 percent  on day one of altitude 
exposure and reaained at  this level on days 6 and  13.    On days 2,  7 and 
14 hemodynamlcs and blood acid-base chemistry w»>re measured at rest 
(sitting) and during bicycle ergometry for  10 mJjuites at  30 percent 
maximum oxygen consumption,  followed by 10 minutes at 60 percent maximum 
and finally 100 percent maximum until exhaustion.     These percentage values 
were based on maximum oxygen consumption values determined on the day 
immediately preceding submaximal measurements,  i.e.   in Denver anJ after 
1, 6 and 13 days on Pikes Peak.    On day two,  re ::.lng and 30 percent 
values for cardiac  output,  stroke volume and heart  rate were elevated, 
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Physiological, Metabolic and Psychological Aspects of High Altitude 
Exposure (Cont) 

relative to Denver values; arterial pressure remained constant. At 
60 percent of maximum oxygen consumption Pikes Peak values for all 
of these variables were equivalent to those observed in Denver. As 
the sojourn at high altitude was extended to two weeks, cardiac out- 
put and heart rate, particularly at maximum oxygen consumption, 
declined progresrxvely. At 14 days, cardiac output and stroke volume 
were below confol values at all work loads, where as heart rate re- 
mained slightly above Denver values during exercise at 30 and 60 
percent of maximum.  Arterial and mixed venous pH both declined 
similarly during exercise; no differences were observed from day to 
day. Resting arterial pH was elevated on the second day of altitude 
exposure and remained high during the 14 day period of exposure. 
Arterial and mixed venous Pco2 and arterial P02 «ere less at high 
altitude; mixed venous PQ. was similar to Denver values. 

CONCLUSIONS: 

Very consistent and equivalent decrements in mixed venous pH at both 
elevations and at all levels of exercise may be related to diminished 
performance noted at high altitude. This interpretation would be con- 
sistent with the decrease in blood buffering capacity noted in earlier 
high altitude studies. 

PROBLEM: 

ACID-BASE REGULATION 

Acute effects of high altitude exposure on acid-base regulation have 
been extensively investigated and as a consequence are known in great 
detail. The same is true Insofar as acid-base characteristics of the 
high altitude native are concerned. Briefly, the acute sojourner 
exhibits respiratory alkalosis, a decreased arterial Peg,» bicarbonate 
concentration, and hence buffering capacity.  He partially compensates 
for these changes by reducing acid and ammonia excretion.  The resident, 
on the other hand, does not exhibit respiratory alkalosis, even though 
his blood PCo and bicarbonate values are low by sea level standards. 
Furthermore, Äe exhibits acid-base excretion characteristics similar to 
those observed in sea level residents. Up to the present time studies 
of high altitude sojourrzia have been too short in duration to delineate 
the transition of acid-base regulation from the partial compensation 
seen in the sojourner to full compensation seen In the high altitude 
resident. A phase of study No. 9 was directed to this question. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Eight University of Oregon women were studied at low altitude (140m) in 
cregon, and at tb". summit of Pikes Peak (4300m) over a 78 day period of 
exposure. Arterial P^ oxygen saturation, Pco . plasma hydrogen ion 
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Exposure (Cont) 

concentration all decreased upon exposure to 4300m.    Arterial base 
deficit and lactate increased at altitude and then recovered slightly 
as exposure was extended to 78 days.    The 24-hour urine volume, ammonia 
and potassium excretion all decreased early in the altitude sojourn 
while urinary hydrogen excretion and sodium to potassium ratio increased. 
The 24-hour excretion values for sodium,  chloride,  titratable acidity 
and phosphate declined transiently during the first week or two of 
exposure then gradually recovered to values similar to those observed 
earlier in Oregon.    At the end of the altitude sojourn arterial VQQJ, 
oxygen seturation, PcOo» pla*** hydrogen ion and the bicarbonate con- 
centration remained significantly below low altitude values, as did 
the 24 excretion values for urine volume, ammonia and potassium. 

CONCLUSIONS. 

An exposure interval of  78 days is not sufficient  to acclimatize acid- 
base regulation to the same extent seen in the high altitude native. 
Acid-base acclimatization,  therefore, is far slower than cardiovascular 
and pulmonary acclimatization in which major adjustments are seen within 
two to four weeks. 

PUBLICATIONS: 

1. S.M.  Robinson, W.O.  Evans,  R.T. Sterner and D.A.  Stamper.    Effects 
of intermediate staging upon acute mountain sickness.    Federation 
Proc.  33:307,  1974   (Abstract). 

2. F.J. Sullivan,  E.A. Morz, Jr., R.E. Miller and P.C. Weiser.    Graded 
exercise at altitude Federation Proc.  33:307,  1974   (Abstract). 

3.    0.  Sudman and J.P.  Hannon.    Acid-base regulation during altitude 
acclimatization of women.     Federation Proc.     33:307,  1974. 
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ABSTRACT 

PROJECT NO. 3A762759A831 

TASK NO.      00 

WORK UNIT NO. 001 Delayed Type Skin Reaction and 
Lymphocyte Transformation in 
Cutaneous Diseases 

Twenty-nine new Army recruits were studied for cell mediated immunity 
to Trichophyton mentagronhytes as measured by lymphocyte transformation. 
It was shown that only 21% had  previous experience with the fungal 
antigen. This indicated that a vaccine would be useful to the Army. 

Skin test results to trichophytin antigen were compared with lymphocyte 
transformation (LT) results in 22 individuals. The lymphocyte trans- 
formation test appears to be a better test for indicating an individual s 
previous experience to trichophytin antigen than the skin test. 

Eight subjects were experimentally infected with Trichophyton mentagro- 
phytes.  These subjects had negative LT tests before the infection, and 
6 had positive LT tests 44 days post infection, while two remained LT 

negative and skin test negative. 
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BODY OF REPORT 

WORK UNIT HO.  001 Lymphocyte Transformation 

PROBLEM; 

Cutaneous fungal infections are important military problems, 
efpeclally for troops stationed in the tropics. The immunological 
response of the host to cutaneous fungal infections is poorly 
understood, and this information would be b-ipful in evaluating 

and preparing vaccines. 

RESULTS AND DISCUSSION OF RESULTS: 

A pilot survey was made of newly enlisted men at LAIR to test 
their previous experience with T. mentagrophytes.  If most indivi- 
duals ware experienced, as was shown to be the case with men at 
Vacaville Prison, then a vaccine would probably not be helpful 
to the majority of soldiers.  One parameter of their Immunological 
response to T. mentagrophytes infection was tested, namely, the 
ability of their lymphocytes to transform into large blast-like 
cells vhen cultured in vitro in the presence of trichophytin 
antigen, indicating previous experience with this antigen. Of the 
29 men tested, 21% had a lymphocyte transformation ratio of three 
or greater which probably indicates previous experience with T. 
mentagrophytes (TABLE 1), This contrasts to men at Vacaville where 
93% of the men were found to be experienced individuals.  This 
pilot study indicated that a vaccine preparation would be useful 
to the Army since a large number of new recruits have not had 
previous experience as measured by this immunological test. 

Since it is not always desirable to monitor the host delayed 
hypersensitivity response by skin testing, we attempted to show 
a correlation between skin test results and lymphocyte transforma- 
tion results. Twenty-two individuals were skin tested on their 
forearms with 0.1, 1.0, or lOug of trichophyton antigen, Lot 
#CM109. Their arms were examined after 20 minutes, 48 hours, 
72 hours, and 2 weeks.  Before skin testing, blood was withdrawn 
for lymphocyte transformation (LT) testing. 

The 16 individuals with LT ratios of less than 3 were delayed 
skin test negative except for onn individual who may represent 
either a false positive skin test or a false negative LT test. 
Three individuals in this group showed a positive skin test after 
two weeks, possibly due to a booster effect by the skin test 

antigen injection. 
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WORK UNIT NO. 001 Lymphocyte Transformation 

Of the six individuals with LT ratios greater than 3 (indicating past 
experience with this antigen) 4 individuals had positive delayed skin 
tests also indicating past experience.  Two individuals that did not 
have a positive delayed skin test response had a positive tnmediate 
response and a history of trichophyton infections. 

Therefore, while negative results for both assays correlated well ex- 
cept for one individual, the correlation for positive responses was 
not as high. For this group of individuals, the LT test appears to 
give a more accurate indication of the subjects past experience with 
trichophyton antigens since it gave a positive response in two indivi- 
duals with negative skin tests and a history of infections. 

Lymphocytes produce a number of soluble substances upon stimulation 
with non-specific antigens such as phytohemagglutinin, or with specific 
antigens to which the donor has had experience. What role these 
mediators, called lymphokines, have in the infectious process is 
unclear.  We followed i-est subjects lymphocyte response to trichophyton 
antigen before, during and after an acute infection. We hypothesized 
that the beginning of remission of the infection would correlate with 
the subject changing from a negative to a positive LT response. 

Infections were induced with either 6 or 300 spores of T. mentagrophytes 
applied to two sites of the same forearm of ei^ht human volunteers. 
Blood was withdrawn and the lymphocytes separated for the LT test. The 
LT test became positive in one subject 10 days after applying the spores, 
and in 28-31 days in four other subjects.  Three individuals did not 
have positive LT tests on any of the test days, and two of these were 
also skin test negative on day 44 and required therapy to clear their 
infections.  The rest of the subjects were skin test positive on day 44, 
except for the negative controls and for one subject that was dropped 
from the experiment.  Clinical readings of the infections could not 
clearly define the day of the beginning of remission, and it was not at 
the same time for all individuals.  The LT tesi. became positive at about 
the same time as the peak uf infection in two individuals and about two 
weeks afcer the peak in four other individuals. Two subjects did not 
peak and remained LT negative. 

Although most subjects changed from a negative LT test at the start of 
the experiment to a positive LT tert at the end, a clear correlation 
between the onset of a positive test and the beginning of clinical 
remission could not be made. 
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WOBK UNIT NO. 001 Lymphocyte Transformation 

CONCLUSIONS; 

A survey of 29 new enlisted men showed that only 21% had previous 
experience with T. mentagrophytes as measured by the ability ^ their 
lymphocytes to transform in the presence of speciilc antigen.  This 
test (LT) appeared to reflect the individuals past experience with 
this iungus more accurately than skin testing.  Subjects with negative 
LT tests before a fungal infection changed to positive LT tests after 

receiving a fungal infection. 

RECOMMENDATIONS; 

It should be established if any lymphokine. such as bjaf tof nf ^^'. 
MIF. chemotactic factor, or lymphotoxin. correlates with the ^dividual s 
ability to clear a trichophytin infection, or if any of these factors 
can be used for evaluating different vaccine preparations. 

PUBLICATION:  None 
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TABLE 1 

SKIN TEST RESULTS TO IQug T.  MENTAGROPHYTES ANTIGEN LOT CM109 

GROUP    I:     Subjects with lymphocyte transformation ratios less  than 3. 

Sublect Immediate 48 Hours 72 Hours 2 Weeks 

1 0 0 0 
2 40/10 0 0 O 
3 - 0 0 0 
4 - 0 0 0 
5 - 7/0 7/0 8 
6 40/15 0 0 7 
7 - 0 0 - 

8 - O 0 7 
9 - 0 0 0 

10 - 0 0 0 
11 40/14 0 0 0 
12 0 0 0 C 
13 32/10 0 0 0 
14 - 0 0 0 
15 - 0 0 10 
16 30/20 0 0 0 

GROUP II: Subjects with lymphocyte transfi Drmation ratios over 3. 

17 6 24/13 22/12 0 
18 45/12 0 0 0 
19 - 10/0 4/0 0 
20 6 10/0 8/8 10 
21 7 15/15 14/12 13 
22 20/4 0 0 0 

Skin test results are reported as millimeters of erythema over milli- 
meters of induration. Inmediate reactions of less than 15 ran are not 
reported. 

Subjects  that expressed delayed hypersensitivity responses to lOug 
CM109 did not consistantly show positive responses to lug CM 109.     These 
subjects gave negativa responses  to O.lug CM 109. 
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ABSTRACT 

PROJECT NO. 3A762759A831 

WORK UNIT NO. 004 Pathogenesis  of Fungal Infections 

The  following investigations have been conducted unde*- this work unit: 

STUDY NO.   1    Biochemical Mechanisms of Pathogenesis  in Fungal 
Skin Infections 

Dermatophyte infections are prominent producers  of medically-debilitat- 
ing  lesions  in soldiers.    Tue predominant etiologic agent  fur such 
infections  in U.S.   Army persoiin^l  in the Republic of Viet Nam has been 
identified as Trichophyton mentagrophytes var.   granuläres.     Patho- 
genicity and  the host's immunological response^)  have been correlated 
with  the ability of  this organism to produce exocellular enzymes.     A 
defined medium for growth of  the dermatophytes  as well as  cultural 
conditions  for optimal elicitation of  the exocell-1^ enzymes have 
been developed.     Development of enzyme  isolafioa  techniques and enzyme 
inhibition procedures are being pursued.     Preliminary data indicate 
that development of  delayed hypersentiitivity reactions bv  the host, 
to  the exocellular  enzymes and an  isolated  subcellular glycoprotein 
fraction,   can be  correlated  to clearing of experimental infections. 
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BODY OF REPORT 

WORK UNIT 004 Pathogenesis of Fungal Infections 

STUDY NO. 1 Blocheiaical Mechanisms of Patho- 
genesis in Fungal Skin Infection 

PROBLEM: 

Dermatophyte infections  are prominent producers of medically-debili- 
tating lesions  in soldiers.    The predominant etiologic agent  for such 
infections in U.S.  Army personnel in the Republic of Viet Nam has been 
Identified as  Trichophyton mentagrophytes var.  granuläres.    Although 
there is a voluminous amount of literature written about these  fungal 
infections,   there remains a paucity of  information regarding  the 
specific mechanisms of  pathogenesis. 

Among the many possible mechanisms of  pathogenesis,   the most probably 
(logically and scientifically)  is  for  the organism(s)   to produce exo- 
cellular enzymes  capable of hydrolyzing substances  found in normal 
intact human skin   (i.e.   keratin,   lipids,   etc.).     Production of  these 
enzymes would allow the organism to gain necessary nutrients  for growth 
and colonization en the skin. 

During the past }aar,   it has been the objective of  this work unit  to 
address  the question as   to what properties of T.  mentagrophytes var. 
granuläres enables it  to colonize and cause  disease on intact human 
skin.     Specific  emphasis was placed on determining  the role of   the 
exocellular enzymes in pathogenesis and  the host's  immunological 
response(s)   to  the0e enzymes.    These studies  could provide information 
necessary for  the development and  implementation of  novel therapeutic 
and  immunological measuias in preventing dermatophyte infections. 

RESULTS  AND DISCUSSION  OF THE RESULTS: 

When necessary  laboratory Trichophyton strains   (e.g.   T.   rubrum,   T. 
ajelloi,   T.   asteroides  and T,  mentagrophytes)   were  used  to infeel 
guinea pigs,  marked differences in pathogenicity,  as measured by  the 
intensity and duration of  the infection,  were obtained.    The best 
inflammatory  lesions were produced by T.   mentagrophytes.  and  the 
least by T.   ajelloi.     Initial enzyme studies   revealed   that there 
was  quantitatively less   proteolytic and  lipolytic  exocellular  enzyme 
activity produced by the organisms with  the  least ability to produce 
disease.     For  example,   T.  mentagrophytes  produced more exocellular 
proteolytic and  lipolytic activity  than T.   ajelloi.     These preliminary 
data  indicat-   that  the  exocellular enzyme production by  these  organ- 
isms mighc be correlated   to pathogenicity as well  as   the host's 
immunological  response(s). 
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Pathogenesis  of   Fungal   Infections   (Cone) 

These  Initial  observations   Indicated  to  us   the  possible  importance 
of   the »».xocellular  enzymes  in dermatophytic   infections  and  thus we 
developed a program  to  study  these  enzymes.      In order   to provide 
for an equal  balance of  basic as well  as  applied  information with 
the  least  expenditure  of   time,   the  research work on  the  exocellular 
enzymes was  divided  into  the following areas:      (I)   Development  of 
in vitro cultural procedures for optimal  production  of   these exo- 
cellular  enzymes  and   to  Insure that  these procedures  aro an accurate 
model of  in vivo  activities.     (2)   Identify  and  isolate  the exocellular 
enzymatic  activities   in  a purified  form.      (3)   Study various agents 
or methods which might   Inhibit  these  enzyme activities and develop 
these methods   for possible use as   therapeutic procedures.     (4)   De- 
termine  the  involvement  of  these exocellular  enzymes   in the host 
immunological  response and determine whether  or not   the^-  enzymes 
could be used  cs  sensitizing agents   (vaccines).     Research work,   to 
date,   has been primarily  centered   in  the  first   two  areas;  however, 
some  experimentation has been accomplished   in all  areas. 

To develop  and   isolate  exocellular  enzyme  activities,   it was  impera- 
tive  to develop  a chemically defined medium  since complex media 
contain various macromolecules which wou.1d hamper  isolation techni- 
ques.     In a  chemically  defined medium,  macromolecules  obtained  after 
growth of   the  organism can be attributed   to being produced by  the 
organism and not  a  component of   the medium.     A defined medium has 
been developed  that will  support   the growth of most  derraatophytes. 
Vhe  cultural  and  environmental conditions   for optimal  exocellular 
enzyme production  have  been deteuined.     The  use of   isolated human 
stratum corneum or delipidated sheep's wool  keratin as  a sole  source 
of  carbon and nitrogen  in a defined medium  Induced  T.   mentagrophytes 
to elicit optimal proteolytic and   lipolytic  activities when grown 
in a  shake culture at   30° C  for   10 days.     Currently,   these media 
are being  used   to produce  crude enzyme material  for  use  in enzyme 
isolation  techniques.     Also,   the  proteolytic  and  lipolytic activi- 
ties  are being  characterized as   to  the  substrate   they will attack. 

Impleraentation  of  procedures   for   the  isolation  of   the  potent pro- 
teolytic  exocellular  enzyme has been accomplished.     Methods  for 
isolation of   the  lipolytic  enzyme(s)  are now being actively pursued. 
Isolation of   the  enzymes  responsible  for   these   two major activities 
(proteolytic  and   lipolytic)   should be  accomplished within the  next 
fiscal year. 

Although   inhibition  studies  described  previously   for   research  area 
(•3)   are   in   their   infancy  due   to   lack of   enough   isolated  enzymic 
material,   some  work has  been accomplished   in   the  last  area.     An 
initial  pilot   experiment  has  shown   that   development   of   delayed 
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hypersensltivity  (inmunity)  reactions by the host,  to  the exocellular 
enzymes and an Isolated subcellular glycoprotel ci fraction, have been 
correlated to clearing of experimental Infections. 

CONCLUSIONS: 

From preliminary data It appears that exocellular enzyme production 
by T.  mentagrophytes can be correlated with the pathogenlclty of  the 
organism and the host's Immunologlcal response(s).    Further Investi- 
gations should confirm this relationship as well as provide possible 
novel  therapeutic procedures and sensitizing agents  (vaccines). 

RECOMMENDATIONS; 

It is recommended ttu t this work be carried to completion In order 
to accomplish the work unit's objective — namely, to describe the 
mechanisms of pathogenesis of cutaneous  fungal Infections. 

PUBLICATIONS: 

In preparation. 
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ABSTRACT 

PROJECT NO. 3A762759A831 

TASK NO. 00 

WORK UNIT NO. 006 Experimental  Fungus  Infections  in 
the Skin of Man:   A Therapeutic Trial 

The following studlep  have been carried out under  this work unit: 

STUDY NO.   1    Trichophyton mentagrophyte  infections  in human 
volunteers. 

STUDY NO.   2     Effect oi   the model infection  on normal  flora. 

STUDY NO.   3    Quantitative dermatophyte infections  in guinea pigs. 

A dermatophyte  infection in nine human volunteers  is described.    This 
experrrient was undertaken for  two reasons:     To  test   the influence of 
antecedent Trichophycon antigens  skin testing on an experimental in- 
fection and  to  test what happens to the bacterial  flora during such 
an infection.    All infections were induced using a method previously 
described.     Scrapings were made for quantitative bacterial cultures 
of  the infection site.     A control site on the opposite ar^. was also 
cultured.     This  infection did not  follow a  typical cours;.     Possible 
reasons for  this are outlined.     Bacteriology of  these  lesions  showed 
normal flora but penicillin resistence  increased during the  course 
of  the infection. 

A method  is described  for infecting guinea pigs quantitatively.    This 
method ha.-,  shown  that  immunity  plays a protective  role  in re-infection. 
This immunitv  is not  placentally  t i-ansferred.     A study on cytoxin 
caused seme doubt  on  the  traditional view that   immunity  to  dermato- 
phytes is solely of cell mediated type. 
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BODY OF REPORT 

WORK UNIT NO. 006 Experimental Fungus  Infections in 
the Skin of Man:  A Therapeutic 
Trial 

STUDY NO.  1 Trichophyton Mentagrophytes  Infections 
in Human Voluntee-s 

PROBLEM: 

Subjects rx^erinentally  infected with Irich^.yton mentagrophytas have 
always been   >c.-eened first with trichophyton antigen.     Possibly this 
skin testing has  led  to  fallacious  interpretation of  the course of the 
induced infectious. 

RESULTS AND DISCUSSION  OF THE RESULTS: 

Nine volunteers were  infected with either 6 or   300 spores.     No volunteer 
followed the infection course predicted by previous  studies.     These 
subjects differed  in the following ways,   from all previously  infected 
subjects;   they had a younger average age,   they were  in a different 
environment,   they had  received no skin tesrs and  they each had  frequent 
scrapings taken from the lesion  for bacterial culture.     Since there 
were these other variables we could come to no  conclusion about the 
influence of skin tests  on fungal infections. 

CONCLUSION: 

None could be drawn from this  experiment. 

RECOMMENDATIONS. 

Because of  the uncertainties of  this last human  infection,   the diffi- 
culty in obtaining human subjects  for infection and  the similarity 
in course between normal humans aud guinea pigs,  we have  changed 
much  of  our  thrust  to  experimentation in guinea pigs. 

PUBLICATIONS: 

None 

STUDY NO. 2 Effect of the Model Infection 
on Normal Flora 

PROBLEM: 

The role of the normal flora of the skin in the pathogenesis of 
dermatophytes has not been satisfactorily studied although clinical 
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Experimental Fungus  Infections  in  the Skin of Man:     A Therapeutic 
Trial  (Cont) 

evidence suggests a more  than passive nature.     Because  the artificial 
infection procedure,  employs wet,   occlvsive dressings,   one could 
expect an artifactual alteration in the normal flora which iright 
influence the pathology.     For a better understanding of  the experi- 
mental fungus  infection,   the normal  flora must be  investigated. 

RESULTS AND DISCUSSION OF THE RESULTS: 

A means  for  the total ard definitive quantitation of  skin flora was 
achieved by replica-plating of isolated colonies upon appropriate 
biochemical and  fermentation test  agars.    This resulted  in a clari- 
fication of  the kinetics  of microbial growth and  survival on the 
akin.    The procedure was  reproducible and yielded data equivalent 
to  the more time and  labor-consuming standard methods. 

To determine  the effect of   the wet dressing,   a sham infection using 
no  fungal inoculum was  conducted  on six volunteers.     An increase 
in flora of ID1*  colony-forming units was detected  in all  subjects, 
but  counts rapidly  fell approximately 102 units once dressings were 
removed.     Although similar  types  of bacteria were  found  on  ?.ll  subjects, 
the composition of each  individual's  flora during  the recovery re- 
sponse appeared to be unique.     Enterobacteriaceae were  found  on half 
the subjects with Enterobacver aerogenes being the most  successful 
colonizer.    Besides  the expected presence of  Baird-Parker  Staphylo- 
coccus subgroup II,  high numbers of  subgroup  IV and  some  colonies of 
subgroup  III were also observed.     Almost all cutaneous diphtheroids 
were  lipophilic and  lipolytic. 

It must be emphasized  that,   although flora was partially reduced 
within two days after  the  removal  of wet-occlusive dressings,   the 
recovery had not  stabilized and   that ecological  conditions were very 
fragile.     Oscillations of  decreasing amplitude regarding number  and 
kinds of   flora was   the rule,   and   the  skin probably  had  not  returned 
to   the normal degree of  hydration by seven days. 

Because the dressing was  shown to  produce a significant but arti- 
factual alteration in  the  flora,   sampling during  the actual dermatophyte 
infection did not  begin until   the  seven-day  recovery  period had passed. 
Nine volunteers,  participated  in  this  study.     There was  no  signifi- 
cant difference  in  total  populations  or  in kinds  of   flora  compared 
with untreated  and  positive  skin-test control   (opposite)   forearms. 
The  ratio of penicillin-resistant microorganisms,  however,   increased 
during the  infection,   the  degree   of which varied between  individuals. 
All  coccal groups were  affected;   resistant  flora diminished when  the 
fungus was no  longer detected.     Staphylococci were more  frequently 
Isolated  than micrococci on  infected areas,   but  Staphylococcus  aureus 
was  not  found.     Trends   toward hierarchies   in  persistence and  quantities 
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Experimental Fungus Infections in the Skin of Man:  A Therapeutic 
Trial (Cont) 

were observed with Staphylococcus subgroups II and IV dominating 
the infected sites. On both areas almost all diphtheroids were 
non-fluorescent, lipophilic, and lipolytic. Whereas other investi- 
gators had implicated Staphylococcus aureus as a significant con- 
tributor to the severe clinical lesions of ringworm, our data 
demonstrated that this Staphylococcus was not required. The results 
also showed the extensive effect of dermatophytes upon the antibiotic 
sensitivity of accompanying flora, indicating that ringworm lesions 
might be an important reservoir for penicillin-resistant strains 
of pathogenic or opportunist staphylococci and micrococci. 

RECOMMENDATIONS: 

We recommend that microbial interactions on the skin of healthy 
and infected soldiers be studied in detail. With respect to the 
therapeutic model, the microflora should be monitored during 
treatment of ringworm. As a long range goal, one could investigate 
the colonization on the skin of certain microorganisms which produce 
antifungal factors as a means of prophylaxis or therapy. 

PUBLICATIONS: 

1.  Bibel, D. J. , and Lebrun, J. R.  Effect of Experimental Derma- 
tophyte Infection on Cutaneous Flora. Abstracts of th3 Annual 
Meeting of the American Society for Microbiology, Chicago, 111., 1974. 

STUDY NO. 3 Quantitative Dermatophyte 
Infections in Guinea Pigs 

PROBLEM: 

Dermatophyte Infections were  amongst  the most  troublesome problem 
faced   in the Republic  of Viet  Nam,   with up  to  59% of f.an  infected 
during  some periods.     These   infections were a  prominent  cause of 
the number of days  lost  from combat duty.     In the Mekong Delta up 
to  70% of the days  lest were  due to skin disease,  with a  large 
percentage of these being related  to  fungal infections. 

The role  immunity played  in  these  infections  is unclear .     Whether 
immunity  can be bolstered  to  prevent  these infections  has  been dis- 
puted.     In the past we have developed a human dermatophyte  infection 
model   to study many of   these  questions.     A quantitative  guinea pig 
infection model has been developed  to permit investigation    of many 
of  these   Immunologie questions. 
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Experimental Fungus  Infections  in the  Skin of Man:     A Therapeutic 
Trial  (Cont) 

RESULTS AND DISCUSSION OF RESULTS: 

A quantitative donnatophyte infection induction  technique has been 
developed in guinea pigs.    This  technique was patterned after the 
experimental human im'ection  technique developed at LAIR.     This 
procedure allows 80% predictable infections when a 100 spore  inocu- 
lum is used.    A large number of previously uninfected   (inexperienced) 
guinea pigs have been followed  through the course of an  infection 
to determine the following parameters:     lesion  first noted,  maximal 
erythema,   induration,   scaling,   crusting,   size,  duration of   the 
clinical  infection and  the  time that cultures stay positive.     We 
have seen that guinea pigs re-exposed  to 100 spore  inoculums have 
a lower  rate of re-infection,   the infection covers less area and 
lasts a shorter period.     Re-infection with 1000 spores gives  a 
dermatitis that develops acutely and  the duration is markedly de- 
creased.     Pregnant gu^ea pigs have been infected with  100 spores 
and  their off-spring were  infected in  their first week of  life. 
These new born guinea pigs had  essentially the same course  of  in- 
fection as adults.     Guinea pigs  treated with cytoxin  (20mg/kg/day) 
have had  prolonged  infections with marked spread of  these  infections. 

CONCLUSION: 

The following observations can be made:     (1)  A definite protective 
immunity develops during  the  first  infection.     (2)  This  inmunity  is 
relative and protects against  infections with small  inoculums  and 
shortens,  but does  not prevent,   infections with  larger  inoculums. 
(3) This  inmunity is not  passed  from mother to infant either 
transplacentally or  through milk.     New borns  from infected  and 
uninfected mothers  have  the same course as adult guinea pigs. 
(4) Cytoxin (a primarily B cell suppressor) inhibits the healing of 
these infections, and casts some doubt on the traditional view that 
immunity  to dermatophytes   is  solely of  ceJl mediated   type. 

RECOMMENDATIONS: 

With  this   infective procedure  compoumij   th\t may bolster  immunity, 
and prophylactic and  therapeutic  agents  should be evaluated. 

PUBLICATIONS: 

None. 
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ABSTRACT 

PROJECT NO. 3A062110A822       Military  Internal Medicine 

WORK UNIT NO. 074 Nutritional and Metabolic 
Aspects of Nutrition 

The  following investigations have been conducted under  this work 
unit: 

STUDY NO.   I        Ascorbic Acid:     Chemistry and  Biological 
Functions 

STUDY NO.  4        Tissue and Blood Enzymes 

STUDY NO.  14      Riboflavin Metabolism in the Rat 

STUDY NO.  15      Vitamin Assays 

Study No.   1    Studies were  initiated on ascorbic acid metabolism 
in the monkey.    The oral administration of ascorbic acid-2-S04-l- 
^C resulted in about 95% of  the radioactivity being recovered  in 
the breath.     A number of metabolites were also observed in  the 
urine. 

Study No.   4    Weanling rats were  placed on seuipurifled diets  ± 
pyrldoxinc.   Erythrocyte GOT and GPT activity was determined with 
and without  the addition of  pyridoxal-PO^  to tht  in vitro system 
using a revised spectrophotometric procedure.    Very low GPT 
activity was found in erythrocytes of  rats maintained on either 
diet,  which precluded any accurate utility of  this assay.     However, 
GOT activity was substantially  reduced  and  the stimulation co- 
efficent was significantly higher  in deficient rats by  the  second 
week of  feeding.  These differences  became more marked during  the 
remainder of  the study. 

Study No.   14     Isolation of   ■'■^C aietabolites,   some  conjugated,   from 
urine,   fee-is  and  tissue homc^anates of   rats  fed  ^C-2-riboflavin 
demonstrate  that riboflavin is metabolized.     To further evaluate 
riboflavin metabolism new assay  procedures must be established. 

Study  No.   15    Studies were  conducted on new or improved microbio- 
logical and enzymatic procedures   for  the measurement of  vitamin 
B^   in serum and erythrocytes  and  on radioimmune assays   (RIA)   fur 
the measurement of vitamin B-j^  and  folic  acid  in plasma. 
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BODY OF REPORT 

WORK UNIT NO. 074 Nutritional and Metabolic 
Aspects of Nutrients 

STUDY NO. 1 Ascorbic Acid:  Chamistry and 
Biological Functions 

PROBLEM: 

Asrorbate-2-sulfate possess anti-scorbutic properties for the rainbow 
trout. The objective of this study was to determine whether the 
compound has biological activity in nammals. For this purpose, 
the monkey was selected as tne experimental animal. 

RESULTS AND DISCUSSION OF THE RESULTS: 

In a preliminary study, ascorbate-2-S04-l-
14C was administered by 

intubation to a young adult monkey.  The animal was placed in a 
metabolism cage and urine and feces collected and expired air 
monitored for radioactivity.  Approximately 957. of the ingested 
radioactivity was lost through the breath. DE-32 ion exchange 
chromatography of the urine collections showed the presencf. of 
several radioactive compounds.  Several of the compounds behaved 
in manner t-, suggest that they were neither ascorbate-2-S04 nor 6- 
carboxy-ascorbate-2-S04. Efforts are continuing on the identifica- 

tion of these compounds. 

CONCLUSIONS; 

Ascorbate-2-sulfate is actively metabolized by the monkey.  Additional 
studies will be required using ascorbic acid and other ascorbate 
derivatives to evaltdte the significance of these preliminary 

findings. 

STUDY NO. 4 Tissue and Blood Enzymes 

PROBLEM: 

The need exists for an accurate, reproducible, and practical 
procedure to aid in the evaluation of vitamin B6 nutriture.  A 
number or enzymes are known to require pyridOAal-P04 (P-PO^) as the 
active vitamin B6 cofactor, including the transarainase systems. 
The UV or spectrophotometric procedure appears to yield a more 
definitive determination of transaminase (GOT and GPT) activity 
than the colorimetric methods and warrants study. A priori, P-PO^ 
is an obligatory cof actor of the GOT and GPT systems, hence a dietary 
deficiency in vitamin B6 may well result in a reduced level of 
cofactor saturation of the transarainase enzymes.  Therefore, GOT 
activity and GPT activity are assayed with and without the addition 
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Nutritional and Metabolic Aspects of Nutrients (Cent) 

of 50 mlcrograms P-P0,/ml cf incubation volume and the stimulation 
coeffi'-ient (S.C. - + P-P0At -P-?04) Is calculated. 

Since the S. C. is an index of cofactor presence, it should be less 
affected by alterations in nrotein metabolism than the enzyme 
activity itse.r. The transaminase activity of erytbrocytes has 
been studied since their activity is higher than plasma and 
appears to be a more reliable index of somatic activity. 

RESULTS AND DISCUSSION OF THE RESULTS: 

A preliminary study was conducted with male weanling rats fed 20% 
vitamin-free casein, semi-purified diets ± 6 mg/kg of pyridoxine. 
Five animals on each diet  were sacrificed at weekly Intervals at 
2 to 6 weeks on trial.  Tht erythrocyte GPT activity (EGPT) activity 
was significantly lower on the deficient diet at all weekly intervals, 
however, the very low activity on either diet (0.04 - 0.24 I.V./ml 
red blood cells) prevented the analytical precision necessary for 
practical usage.  Further, the S. C.s were not markedly changed due to 
diet, ranging from 1.07-1.28 across diets.  The erythrocyte GOT acti- 
vity (EGOT) was considerably higher than EGPT.  The EG0T results are 
summarized in the table below. 

Effect of Vitamin B^ Deficiency on Erythrocyte 
GOT Activi H 

No. of Weeks on Diet 

/ml RBC) 

2 3 4 5 6 

Activity (I.U. 
1 ! 

-B6 Diet 0.','?0 
±0.091 

0.631 
±0.043 

0.384 
±0.002 

0.414 
±0.018 

0.328 

±0.003 

+B6 Diet 1.669 
±0.122 

1.678 

±0.112 

1.533 
±0.077 

1.921 
±0.027 

1.673 
;-0.077 

S.C. (+P-P0/( l -P- -PO/() 

-B6 Diet 1.273 
±0.013 

1.545 

±0.054 

2.142 

±0.208 

1.736 
±0.097 

1.758 
±0.112 

+B6 Diet 1.091 
±0.004 

1.135 
±0.012 

1.266 
±0.017 

1.131 
±0.010 

1.104 
±0.025 

values are means ± S.E.M. 

207 
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The EGOT activity is substantially reduced at 2 weeks and falls 
further during the rest of the trial.    A significant rise in the 
S.  C.  is  shown by the second week on the deficient diet  (27% vs 
9%)  and remains highly elevated through the 6th week when compared 
to the control animals. 

CONCLUSIONS: 

Stimulation coefficients derived from ar   improved spectrophotometric 
EGOT procedure of rats fed a vitamin B6 deficient diet were found 
to increase substantially over controls.    A diminished EGOT and 
EGPT activity was also associated with consumption of the vitamin 
B6 deficient diet.    Due to the extremely low EGPT activity observed 
in rats,  efforts should be concentrated on the EGOT and other 
promising procedures.    At present,  the transaminase assays cannot 
be applied  to a given situation without adequate controls.     That 
is,  until the effects of species,  sex,  diet and age are studied, 
and the Influence of sample handling and storage are evaluated, 
no reported EGOT activity or S.  C.  can be regarded as a benchmark 
for the norm. 

RECOMMENDATIONS: 

Studies should be continued with concentration on erythrocyte 
glutamic-oxalacetic transaminase  (EGOT)  as a possible aid in 
evaluation ol vitamin B6 deficiency.     Comparative analyses  for 
EGOT, P-PO4 and total vitamin B6 should be achieved.    Additional 
Investigations on the effects of species,  sex, age, and other 
dietary Influences upon EGOT should be explored.    A detailed 
examination of sample handling and storage influences should also 
receive priority attention. 

STUDY NO.   14 Riboflavin Metabolism in 
the Rat 

PROBLEM: 

This  laboratory has  shown that lack of  dietary riboflavin has 
adverse affects on the performance of young men.     Further It has 
been shown that  l4C~2-riboflavin is metabolized by the rat.     This 
investigation will provide techniques and procedures for  the 
continued study of  riboflavin metabolism. 

RESULTS   AND DISCUSSION OF THE RESULTS: 

Studies were continued to establish  the  catabollc fate of   riboflavin 
in rats  fed  14c-2-riboflavin.    A minimum of  10 i^C-metabolites, 
some conjugated, were isolated from tissue homogenates,  urine and 
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fec^B of rats.  One compound containing 4 to 8% of the urinary 
1^C was identified as urea. Many of the ^C compounds did not 
fluoresce, thus routine assay procedures could not be used. At 
present the only assay to establish the pattern of the 1^C-2- 
riboflavin metabolites is thin layer chromatography (TLC) and 
scintillation counting of the TLC fractions.  The rat tissue 
stores were repleted with ^C-Z-riboflavin after an initial 
riboflavin depletion period. After repletion, the rats received 
a riboflavin free diet for 10 days.  Throughout the second deple- 
tion period, the rat feces contained significant levels of ^C. 
The fecal J-^C would be from the metabolism of tissue bound 
riboflavin excreted in the bile into the intestines and/or from 
the constant replacement of the mucosa lining. Tissue ^C compounds 
isolated by R-15 resin chromatography were different from the 
urinary ^C  compounds. Further, extensive protease digestion was 
required to releasa the ^C activity from the tissues. Less than 
37% of the total ^C activity in liver was acid solut' . 

CONCLUSIONS: 

■^C-Z-rlboflavin is metabolized by the rat, thus a constant 
renewal of dietary riboflavin is required.  Other metabolites 
will be isolated when uniformly labeled riboflavin is ucod. To 
further study riboflavin metabolism, new assays must be established 
as many ^C-riboflavin metabolites do not fluoresce. 

STUDY NO. 15 Vitamin Assays 

PROBLEM: 

This laboratory has the ability to manually assay prepared samples 
for vitamin Bg,, folic acid, vitamin 822» and other vitamins using 
modified microbiological methods developed earlier. Need continues 
for improved microbiological methods or alternate procedures to 
measure these nutrients in biological samples. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Some preliminary studies were conducted on the automation of the 
microbiological assay using Saccharomyces uvarum ATCC 9080 and 
Lactobacillus casei ATCC 7469 and 7469-a, both the normal and 
chloramphenicol resistant strains.  The main problem in the 
automation appears to be the long incubation coil needed to 
obtain adequate growth. The organisms tend to settle out or wash 
into the next sample and the bubble pattern is difficult to 
maintain.  A proposed solution would be to automate parts of the 
sample preparation procedures and the assay set up including the 
dilutions and aliquoting of standard and sample and the addition of 
inoculated media. Each inoculated sample would be fed into a tube or 
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sample cup or other stationary incubation system for the needed 
period of time. At the end of that incubation period the samples 
would be agitated and fed into the colorimeter. Using this approach, 
several portions of the procedure could be automated separately 
and then the system could be tied together in a continuous flow 
scheme.  Although the automation of microbiological assays has 
various problems connected with each separate assay, a general 
scheme could be developed for one assay and modified to fit 
others.  Autoi^ation of any part of the procedure from the sample 
preparation to the recording -f results would save time and thus 

increase efficiency. 

Both the vitamin B12 and folic acid radioimmune assay (RIA) kits 
have been <--°ted on plasma samples.  The vitamin B12 RIA kit was 
tested on iresn plasma samples and was found to be easy to use 
and reproducible. All values fell within the published normal 
range for both the microbiolog.cal and radioimmune assay. Pre- 
liminary work on stored plasma samples, both refrigerated and 
frozen, showed some decrease in activity, but it is not known 
whether this decrease was due to storage problems in the samples 
themselves or in the kit reagents.  Since the amounts of vitamin 
Bio in blood samples are so very small, and the potential tor 
error in the microbiological assay is great due to the sample 
preparation procedure and the limitation of the instruments used 
in the assay, the RIA shows good potential for being used on a 
routine basis.  The time required for the RIA is one-half to 
one-third the time required for the microbiological assay.  With 
further testing on plasma samples as well as other types of 
samples, the limitations of Luc RIA can be better determined. 

The folate RIA kit was tested on fresh plasma samples and on 140 
frozen plasmas collected during the Ent AFB Nutrition Survey. 
The values of the fresh samples were within the normal range ot 
the radioisotopic test, but in the frozen samples about 12% were 
deficient and 8% were borderline by the kit standards. 

Since there is no published information on RIA folate kits tested 
on RBC samples, preliminary work was started using accepted RBC 
preparations for microbiological assays.  There was binding under 
some conditions, but the valves obtained were not within accepted 
microbiological ranges.  Results varied with the RBC preparation, 
the buffer used, and the concentration of ascorbic acid added c- 
the sample.  RIA kits for folic acid tested on both plasma and 
RBC samples showed potential, but they are not ready to be used 
as a routine assay without further study and comparison to the 

microbiological methods. 
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The main effort in vitamin as.ay work was on vitamin B6 in various 
form».  Several small studies using published sample preparation 
procedures for plasma, RBC, and whole blood resulted in several 
modifications in the extraction procedure. Areas of change 
included acid strength, hydrolysis time, and use of a stronger 
deproteinizing agent such as heat for plasma and TCA for RBC and 
whole blood.  The problem encountered with the whole blood was 
that the harsher treatment needed for maximum release of vitamin 
B6 in the RBC fraction was too harsh for the plasma fraction. 
Thus, the plasma vitamin B6 + RBC vitamin B6 was always greater 
than analyzed whole blood vitamin B6. This indicates that either 
plasma or RBC analysis would give a more accurate indication of 
vitamin B6 status than whole blood. Animal studies are in progress 

to investigate these aspects. 

CONCLUSIONS: 

Vitamin B12 and folic acid radioimmune assay (RIA) procedures 
have been tested on plasma samples and appear to have promise as 
a replacement or alternate procedure for the microbiological 
assay of these nutrients. Progress was made on new or improved 
methods for measuring vitamir B6 in serum and erythrocytes. 

PUBLICATIONS: 

1. Chen, N. C, R. K. Gholson and N. Raica.  Isolation and 
identification of indole-3-carboxaldehyde: a major new urinary 
metabolite of D-trypcophan. Biochem. Biophys. Acta 3A3: 167, 

1974. 

2. Schrader, L. E., and R, L. Huston.  Liability of rat liver 
polyribosomes and cell sap factors in an in vitro amino acid 
incorporation system,  Proc. Soc. Exptl. Biol. Med. 143: 783, 

1973. 

3. Ziporin, Z. Z., G. J. Isaac, C. G. Liddle and P. P Waring. 
Effect of actinomycin D on vitamin D-mediated uptake of  Ca by 
intestinal slices.  Calcified Tissue Res 13: 187, 1973. 

4. 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 Rept. 340, Sept. 1973. 

5. Nims, R. M., J. B. Vacca, D. T. Blair and P. P. Waring. 
Correlation of plasma volume and body weight in dogs.  USAMRNL 

Rept. 342, Sept. 1973. 

6. Dalvi, R. R., H. E. Säuberlich and R. A. Neal.  An examination 
of the metabolism of thiamin by rat liver alcohol dehydrogenase. 
Submitted for publication in J. of Nutrition. 
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trout (Salmo galrdnerl).  Submitted for publication in J. Fisheries 
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8. Baker, E. M., J. E. Halver, B. M, Tolbert, C. L. Johnson and 
D. C. Hammer.  Metabolism of L-ascorbic-l-^C-A^H acid in rainbow 
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Bd. of Canada. 
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Iso C2 falls, C2 works in fish diets. Fed. Proc. 33: 665, 1974 
(Abstract). 

10. Tolbert, B. M., W. M. Grimes and E. M. Baker.  PAPS: Ascorbate 
sulfotransferase: evidence for an ascorbate sulfate cycle. 
Fed. Proc. 33: 666, 1974 (Abstract). 
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ABSTRACT 

PROJECT NO. 3A062110A822      Military  Internal Medicine 

WORK UNIT NO. 076 Analytical Biochemistry 

The following investigations have been conducted under  this work unit: 

STUDY NO.   1 Analytical Support and  Services 

STUDY NO.   2 Development of Analytical  Biochemistry Proceduies 

Analytical service amornting  to 17,262 individual  analyses was rendered 
to 22 protocol studies  in a year in which operational status was 
abbreviated by  transfer of  function.    A sample preparation system for 
stable nitrogen isotopes was designed and  fabricated  for  use with the 
isotope ratio mass  spectrometer extending  the  ratio capability of  the 
instrument  to carbon,  hydrogen and nitrogen. 
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WORK UNIT NO.   076 Analytical Biochemistry 

PROBLEM: 

The Analytical Biochemistry Branch is called upon to support research 
projects requiring a broad spectrum of analytical services.  This 
responsibility demands efficient laboratory function with assurance 
of accurate results. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Conmencing with the first day of thj fiscal year, the Branch lost 
trained, experienced personnel through retirements, resignations and one 
long term training program grp.nt. These losses were primarily due to 
refusals to accept the transfer of function offers augmented by the 
availability of alternatives such as other employment or early retire- 
ments resulting from the Department of Defense stress condition. 
Inspite of the fact that only two of ten staff members remained at the 
time of relocation, a large number of analyses were performed during the 
first three quarters of the fiscal year. 

Support was provided to 22 protocols and addenda resulting in a total 
of 13,305 laboratory automated and manual analyses plus 3,957 analyses 
on field studies as outlined in the following table. 

Analytical Service Number of Analyses 

Blood Chemistry 
(1) Automated electrolytes, glucose,       A920 

iron and uric acid 

(2) Semi-automated lipids, lactate        3250 
ani total iron binding capacity 

(3) Manual GLC fatty acids, 16A8 
porphyrins and electrophoresis 

(A) Field services for hemoglobin,        2074 
hematocrit and serum protein 

Urine Chemistry 
(1) Automated electrolytes, uric 1403 

acid and other nitrogenous 
constituents 

(2) Field services for screening 1883 
specific gravity and osmolallty 
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Analytical Service Number of Analyses 

Diets and Stools 
Manual proximate analyses, 208A 
bomb calorimetry, GLC fatty 
acids and cholesterol 

This record of performance was possible under the circumstances 
partly because of the efforts of two temporary personnel who, 

after training, performed admirably. 

CONCLUSIONS; 

Although minimum operational efficiency could not be  iintained, 
service was rendered to the protocols on a priority basis. 

RECOMMENDATIONS; 

Preliminary effort must be placed on staff replacement and subsequent 
training in the areas required (food or biochemical techniques) and 

orientation to the instruments used. 

PUBLICATIONS: 

1. Askew, E.W.. A.L. Hecker, W.R. Wise and G.L. Kuhl. Adipose 
tissue metabolism and turnover rate: response to exercise and dxetaiy 

carnitine.  Fed. Proc. 33:677, 1974. 

2. Neidner, K.H., L. Hagler, W. Wise, F.B. Stifel, E.L. Lufkin 
and R L. Herman.  Aerodermatitis enteropathica: A clinical and bio- 
chemical survey.  Accepted for publication in Arch. Dermatol. 

STUDY NO 2 Development of Analytical 
Biochemistry Procedures 

PROBLEM; 

Innovation and/or improvement of analytical methods must be attempted 
in response to supported protocol requirements for new detonations 
or increased accuracy of existent techniques.  Simplification of 
procedures and automation whenever possible increase the laboratory 

operational efficiency. 
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RESULTS AND DISCUSSION OF THE RESULTS; 

The published TLC method for vitamin E quantitation proved unworkable 
with dltr. composites aa presently collected in the studies belog 
supported. Too great a quantity of non-saponifiable material which 
was not vitamin E resulted because a large amount of original sample 
had to be extracted to provided a quantity of vitamin E in the range 
of the method.  This resulted in diffuse spreading on the plates 

and poor separation. 

A sample preparation system for stable nitrogen isotopes wap developed 
and fabricated for use with the isotope ratio mass spectrometer. 

CONCLUSIONS: 

The heavy per capita workload resulting from the attritional factors 
previously mentioned and the field studies conducted during the FY 
did not allow time for work on the vitamin E methodology problem, 
the u»e of the nitrogen Isotope preparation system, or any of the carry- 

over projects from the previous year. 

RECOMMENDATIONS; 

The primary effort should be in rcstaffing as mentioned under 
Study 1. After analytical efficiency is achieved, senior staff chemists 
should resume work on the above mentioned problems and the carryover 
projects, i.e., miniaturization of certain methodologies and automation 

of manual processing. 

PUBLICATIONS: 

1.  Goad, W.C., J.H. Skala, R.S. Harding and H.E. Säuberlich.  A 
semiautomated technique for the determination of vitamin C (ascorbic 
acid) in serum or plasma samples.  USAMRNL Laboratory Report No. 337, 

September 1973, 

2   Wise, ^-.R., J.H. Skala and H.E. Säuberlich.  Automated deter- 
mination o. iron in biological materials. USAMRNL Laboratory No. 341, 

September 1973. 

3.  Sauberlich, H.E., R.P. Dowdy and J.H. Skala.  Laboratory tests 
for the assessment of nutritional status.  CRC Critical Reviews in 
Clinical Laboratory Scierce 4(3):215, 1973. Also published as 
a monograph by the CRC Press, Inc., Cleveland, Ohio; 1974. 
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4. Wise, W.R., K.S. Harding, J.H. Skala and H.E. Säuberlich.  Semi- 
automated determination of serum lipids. USAMRNL Laboratory Report, 
Submitted to CO for final approval. 

5. Knudsen, J.J., J.H. Skala and H.E. Säuberlich.  A semi-automated 
method for the determination of total nitrogen in urin.?, feces and 
diets.  USAMRNL Laboratory Report.  Submitted to CO for final approval. 

6. Säuberlich, H.E., W.C. Goad, J.H. Skala and R.S. Harding. 
Automated procedure for the measurement of serum ascorbic arid (vitamin 
C).  Submitted for publication in Clin. Chem. and subsequently in 

Sei. Meth, of Clin. Chem. 
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ABSTRACT 

PROJECT NO. 3A062110A822 Military Internal Medicine 

WORK UNIT NO. 077 Nutritional Physiology 

The  following  investigations  have been conducted under  this work unit 
during the past year: 

SnJDY NO.   7    Metabolic Effects of  Starvation - Refeeding 

STUDY NO.   16    Gluconeogenic Response  to Mannoheptulose 

Lysine incorporation into hepatic,  muscle and kidney proteins was 
markedly increased during  the  first and  second day of  refeeding after 
a prolonged period of  fasting.     Thereafter,   »-he rate of  lysine  incor- 
poration was  similar  to  that  observed  in normally  fed  controls.     In 
contrast,  protein synthesis  in  the adipose  tissue remained  elevated 
throughout  the entire five-day  refeeding period.     Fasting or  refeeding 
did not affect protein synthesis  in the heart. 

Administration of mannoheptulose  enhances hepatic gluconeogenesis 
as  indicated by increased activities of  the key gluconeogenic  enzymes. 
These effect are apparently mediated by  glucagon and cyclic AMP. 
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WORK UNIT NO. 077 Nutritional Physiology 

STUDY NO. 7 Metabolic Effects of Starvation - 
Refeeding 

PROBLEM: 

Results of the previous studies indicate a marked effect of fasting 
and subsequent refeeding on the metabolic rate of several amino 
acids.  This apparently is the consequence of hormonal changes induced 
by the nutritional status of the animal.  Since a prolonged period of 
fasting is associated with a rapid loss of cellular proteins fron 
many of the tissues of the body, it appears that the relative hypc^-- 
alimentation associated with refeeding would affect amino acid incor- 
poration into newly synthesized tissue proteins.  The present stud) was 
directed at this problem. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Male Holtzman rats ranging in weight from 200-220 gm were fed a complete 
casein-sucrose diet for ten days.  After this period of dietary adjust- 
ment, the rats were randomly divided into three treatment groups.  The 
first group continued on the ad libitum feeding schedule and the second 
and the third groups of animals were fasted for five days.  Five animals 
each from the third group were subsequently refed for a period of one 
to five days.  At the end of the fasting or refeeding periods, five 
animals from each dietary treatment groups were injected intraperitoneally 
with 2 pCi/lOO gm body weight (BW) of L-U-14C-lysine.  The animals were 
placed into the metabolism chambers and the expired ^^COy  was collected 
for two hours.  Thereafter, the animals were sacrificed and lysine 
incorporation into tissue proteins was determined. 

Compared to the fed controls, lysine oxidation was markedly increased 
during fasting, and remained elevated even after the first day of 
refeeding.  Thereafter, lysine was oxidized at the rate similar to that 
observed in the controls.  Fasting decreased protein synthesis in the 
liver, kidney, muscle and the adipose tissue.  Lysine incorporation 
into the heart proteins was not affected by either fasting or refeeding. 
Lysine incorporation into liver, kidney and muscle proteins was markedly 
increased during the first two days of refeeding, and returned to the 
control levels thereafter.  In contrast, lysine Incorporation into 
adipose tissue proteins remained elevated throughout the entire five-day 
refeeding period. 

CONCLUSIONS: 

The metabolic rate of lysine depends on the nutritional state of the 
experimental animal and on the target tissue studied.  During refeeding 
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the marked increased in food intake stimulates insulin secretion, 
which results in an increased uptake of amlno acids in tissues and 
increased protein syntheeis.  Differences in the amino acid pool size 
possibly affect the results of this st'^y.  The plasma levels of free 
lysine, and probably tissue levels as well, would be higher in the 
fasted and refed animals than in the ad libitum fed controls. 

RECOMMENDATIONS: 

1. Determine the size of the free lysine pool and the levels of RNA 
and DNA in the tissues studied and the molar ratios of plasma insulin 

to glucagon. 

2, Further studies should be conducted to delineate the effects of 
refceding on lysine metabolism in the adipose tissue. 

STUDY NO. 16 Gluconeogenic Response to Manno- 
heptulose in the Rat 

PROBLEM: 

Ingestion or subcutaneous administiation of manno »eptulose (MH), 
a seven-carbon sugar naturally occurring in avocado fruit, induces 
temporary hyperglycemia in man and in several animal species. The 
mechanism by which MH induces the transient diabetic "täte is believed 
to be partially an inhibition of insulin sec etion from the pancreas 
and a direct stimulation of hepatic gluconeogenesis. Alternatively, 
these metabolic events could be the consequence of increased levels 
of plasma glucagon and hepatic cyclic AMP (cAMP) and of altered 
enzymatic activities in the gluconeogenic pathways.  These possibi- 
lities, however, remain to be verified.  Accordingly, we examined the 
effect of MH upo^i the activity of selected hepatic gluconeogenic enzymes, 
the level of hepatic cAMP, and the plasma levels of glucagon and alanine. 
In addition, incorporation of uniformly labeled ^C-alanine into plasma 
glucose and hepatic glycogen was  determined. 

RESULTS AND DISCUSSION OF THE (FSULTS: 

Male Holtzman rats weighing from 250-28U gm were fed a complete casein- 
sucrose diet for ten days.  After this period of dietary adjustment, a 
group of anihials was injected intraperitoneally with a 20% solution of 
D-mannoheptulose in saline (200 mg/100 gm BW). The control animals 
were injected with a corresponding volume of saline.  Three hours 
thereafter, the animals were sacrificed, blood was collected and livers 
were quickly excised.  Activities ot the following tissue enzymes were 
determined:  glutamlc-oxalacetlc transaminase (GOT), glutamic-pyruvic 
transaminase (GPT), glucose-6-phosphatase (GPase), fructose-1,6- 
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dlphoaphatase (FDPase), phosphoenol-pyruvate carboxykinase (PEPase), 
plus the concentration of cAMP. 

Another group of control and MH-treated animals was injected with 3 pCi 
of uniformly labeled -^C-alanine.  Thirty minutes thereafter, the animals 
vere sacrificed and -^C incorporation into the plasma glucose and the 
hepatic glycogen was deterrotnad. 

The results indicate that administration of MH stimulates gluconeogenesis 
by enhancing activities of hepatic CPase, FDPase and PEPase, and increises 
the concentration of hepatic cAMP, and the plasma levels of alanine and 
glucagon.  In addition, MH stimulates glucose and glycogen synthesis from 
alanine. 

The elevated levels of plasma glucagon and alanine, as well as an increase 
in the concentration of cAMP in MH treated animals, lend support to the 
possibility that glucagon and cAMP mtdiate gluconeogenic effect of MH. 
Alanine, as the principal endogenous precursor of glucose, participates 
in the "glucose-alanine" cycle which has been propose as an important 
glucogenic system. 

CONCLUSION: 

Administration of MH produces a diabetic-like syndrome characterized by 
hyperglycemla and ketonemia.  These effects are apparently brought about 
hy  insulin insufficiency, hyperglucagonemia and elevated levels of cAMP. 
This nucleotide, in turn, enhances the activity of the key gluconeogenic 
enzymes. 

RECOMMENDATIONS: 

The mechanisms by which MH inhibits insulin release and stimulates glucagon 
release should be investigated. 

PUBLICATIONS: 

1  Meikle, A, W. , G. J. Klain and J. P. Hannon.  Inhibition of glucose 
oxidation and fatty acid synthesis in liver slices from fed, fasted and 
fasted-reted rats by glucagon, epinephrine, and cyclic adnosine-3,5-mono- 
phosphate.  Proc. Soc. Exptl. Biol. Med. 143: 379, 1973. 

2. Klain, G. J. and P. C. Weiser.  Changes in hepatic fatty acid 
synthesis following glucagon injection in vivo.  biochem. Biophys. Res. 
Commun. 55: 76, 197 3. 

3. Klain, G. J. and A. W. Meikle.  Mannoheptulose and fatty acid 
synthesis in the rat.  J. Nutrition 104: 473, 1974. 
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ABSTRACT 

PROJECT 10. 3A062110A822      Military Internal Medicine 

WORK ÜHIT HO. 078 Metabolic Response of Man to 
Nutrition or Disease 

The following investigations have been conducted under this work 
unit: 

STUDY HO.  1.     The effect of diet,  drugs anc". sex steroids and 
other homones on gastrointestinal enajmes of 
the Jejuna! mucosa. 

STUDY HO.  7.     The effect of testosterone ou Jejunal glycolyhic 
enzyme activities in male hypogonadism. 

STUDY NO.  15.   Studies in acrodermatitis enteropathica. 

STUDY NO.  26.   Studies of adaptive enzyme mechanisms in tissue 
incubated in vitro. 

Stud}- No.  la.     Insulin, glucagon and epinephrine cause rapid 
changes in rat hepatic formlminotransferase activity following 
intravenous administration.    Intravenous glucagon and epinephrine 
produced rapid increases in activity, while insulin rapidly 
decreased formiminotransferase activity.     Similar results occurred 
in the rat Jejunum as well.    The stimulatory effects of glucagon 
and epinephrine on hepatic formlminotransf erase activity were 
mimicked by Intravenous cyclic AMP.    Preliminary data suggests a 
similar type of hormonal regulation in human Jejunum and liver. 

Study No.  lb.     Oral administration of ethanol significantly 
decreased hepatic pyruvate carboxylase,  fructosediphosphataae, 
fructosediphosphate aldolaae and formlminotransf erase activities. 
In each instance, the ethanol produced depression in enzyme 
activities was returned to normal levels by the  addition of oral 
folic acid.     Intravenous ethanol produced similar decreases in 
hepatic enzyme activities. 

Study No.   1c.    Preliminary data suggests that  Intravenous 
parathyroid hormone and calcitonin rapidly alter renal cortical 
pyruvate klnase and fructosedlphosphatase activities, while 
fructosediphosphate aldolase activity is unchanged.    Intravenous 
parathyroid hormone increased renal cortical fructosedlphosphatase 
and decreased pyruvate klnase activities within 10 minutes, while 
Intravenous calcitonin produced reciprocal changes in the same 
enzyme activities. 

Study No.   7.     A marked increase in dietary adaptation of jejunal 
pyruvate klnase occurred with the administration of oral 
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t«rto«t«rone to «MIC patient» vith hypogonadism.    This permissiTe 
effect of testoiterone WM specific for pyrurate kinase »ince 
dl«t-dnic Interaction could not be demonstrated for Jejunal 
baxokiase. fructo«e-l-phosphate aldolase or fructosedlphosphate 
aldolaae. 

Study Ho.  15.    Further studies have been performed in a patient 
with acrod^iülitls enteropathica.    Enzymatic mechanisms related 
to fatty acids and to fatty acid peroxides will be evaluated. 

Study Mo.   2k.    Patients previously considered to have "idiopathic" 
reactive hyic^Aycenia were studied with regard to fructosediphos- 
phatase deficiency.    Abnormally low values of fructosediphosphatase 
were found in 8 out of 13 iuch patients.    These patients had values 
ranging from 17.6 to 38.9 units.    Normal values are U8.1 + U.2. 
It may well be that a signlflcuit proportion of patients vith 
"idiopathic"  reactive hypoglycemia have mild types of fructosedi- 
phosphatase deficiency. 

Study Ho.   26.     Rabbit Jejunal mucosa obtained by open biopsy was 
incubated in vitro and was found to be viable using a variety of 
index parMetere for 2k-hours.    Such tissue responded to exposure 
to folio acid with a significant  change in enzyme activities. 
Cholera toxin and ethanol increased cyclic-.AKP levels  in the 
Jejunal tissue.     Although enzyme activixies changed as expected 
with exposure to cholera toxin such was uot observed with ethanol. 
Instead enzyme activities were depressed by ethanol.     This 
technique promises to be a powerful tool in studying the mechanism 
by which various agents may affect Jejunal enzyme activities. 
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BODY OF REPORT 

WORK i»IT 10. 078 Metabolic Response of Man to 
Nutrition or Disease 

STUDY BO. la. The effect of diet, drugs and sex 
steroids and other hormones on 
gastrointestinal enzymes of the 
Jejunal mucosa. 

PROBLEM: 

PreTious studies haye clearly documented the  rapid regulation of 
Jejunal and hepatic glycolytic enzymes by glucagon,  insulin and 
epinephrine.     Folic acid also produces an increase  in these same 
enzyaes, but the folate effect occurs within hours, not minutes. 
T-. further understand the interrelationships between hormonal and 
folio acid regulation of enzymes we determined the effects of 
these honones on the enzymes involved in folic acid metabolism. 
Because of the key role played by formimlnotransferase in folate 
metaboli«m, we  investigated the effect of the above hormones en 
this folate metabolizing enzyme. 

RB8UUS AMD DISCUSSIQB  OF THE RESULTS: 

Glucagon, insulin and epinephrine produced rapid changes (within 
minutes) in hepatic and Jejunal formimlnotransferaae activity in 
the rat. Limited evidence in human subjects and patients demon- 
strated that siMilar effects also occur in man. 

Intravenous glucagon  (0.0015- 0.5 mg)  and ineulin  (0.015 - 1.5 
units/kg) produced rapid increases and decreases,  respectively, 
in hepatic  formiminotransferase activity which were unaltered by 
pretreatment of the rats with either actinomycin D or puromycin. 
Intravenous insulin and glucagon significantly decreased and 
increased,  respectively, rat Jejunal  formimlnotransferase activity, 
as well.     Intravenous epinephrine  (1.0 - 2.0 yg/min)  also produced 
a rapid increase  in hepatic  formimlnotransferase activity.    The 
stimulatory effects of glucagon and epinephrine on hepatic  formi- 
minotransf erase activity were mimicked by  intravenous  cyclic AMP 
suggesting that  these hormonal responses nay be mediated through 
increased cyclic AMP production. 

In four children with fasting-induced hypoglycemia,   intravenous 
glucagon  (1 mg/min) significantly increased hepatic  formimlno- 
transferase activity within 2-3 min.     In five normal human 
subjects,  tb? administration of subcutaneous  Insulin  (15 units) 
for three consecutive days significantly decrepsecl Jejunal formi- 
minotransf erase activity. 
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The results suggest that the rapid insulin, glucagon and eplne- 
phrtH SfectrSn fomiminotransferase activity n-y be due to 
SSosphorylatlon-phosphorylation mechanis»« «alogous to that 
InrolTed in the regulation of glycogen metabolism. 

OOMCLÜSIOKS: 

It appears that the hormonal state of the rat plays a prominent 
roirin the regulation of hepatic and extra-hepatic  folate 
metabolism, Just as it does  in regulation of glycolysis and 
«luconeogenesis.    In particmlar, glucagon and epincphrine, pre- 
S^ly Mediated through increased cyclic AMP production, promoted 
r^id atSulation of fomiminotransferase activity    while insulin 
exerted a reciprocal action on the same enzyme activity. 

RECOÜCHDAIIQHS; 

Glucagon,  insulin and epinephrine rapidly alter hepatic folate 
metabolism as veil as hepatic gluconeogenesis and glycolysis 
through effects on certain key regulatory enzymes in these path- 
os      Continued investigation is needed to further define these 
coiplex regulatory interactions so that the alterations  in 
carbohydrate metabolism and the role that folic «id P1»™  .*? * 
therapeutic agent can be understood.    Particular emphasis vill be 
focused on the biochemical basis of the gastrointestinal mal- 
«daptation syndrome and "idiopathic" hypoglycemic states. 

PUBLICATiaiS: 

1.    Greene, H.  L. ,  0.  D.  Taunton, F.  B.  Stifel ^^-^^ 
The rapid changes of hepatic glycolytic enzymes and fructose-l.b 
diphosphatase activities after intravenous glucagon in humans. 
J. Clin.  Invest.  53: kk, 1971*. 

2      Stifel,  F.  B.,  0.  D.  Taunton, H.   L.  Greene, E.  G.   Luftin, L. 
Hagler and R.  H.  Herman.     Hormonal regulation of hepatic and 
jelunal for-J-minotransferase activity in man and rat.    Biochim. 
Biophys.  Acta,  In press. 

3.    Greene,  H.   L.,  N.  3.   Rosensveig,  E.  G.   Lufkin,  L.  Hagler, 
D.  Gozansky,  0.  D.  Taunton and R. H.  Herman.     Biopsy of the small 
intestine with the Crosby-Kugler capsule      Experience in 3öbb 
peroral biopsies  in children and adults.     Am.  J.  Dig.   Dis.  iy. 
189, 197^. 

1*     Taunton,  0.   D. , F.  B.   Stifel, H.   L.  Greene and R.  H.  Herman. 
Rapid changes  in the activities of rat hepatic glycolytic enzymes 
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•nd fructoeedlphosphatase following insulin and glucagon injection. 
J. Bid.  Cham., In press. 

5.    Stlfel,  F.  B., 0. D. Taunton, H.  L. Greene, and R. H. Heraan. 
Rapid reciprocal changes in rat tissue enzyme activities follovlng 
eplnephrlne injection.    J. Blol. Chem., In press. 

STUDY SO.  lb. The effect of diet, drugs and sex 
steroids and other hormones on 
gastrointestinal enzymes of the 
Jejunal aucosa. 

PROBiai; 

Alcoholism is a comon disorder affecting military personnel as 
veil as the general population.    Although many of the biochemical 
effects of ethanol are knovn, the overall mode of action of this 
drug is poorly urderstooa.    We have shown that ethanol affects 
adenyl cyclaae.     It is well-known that eplnephrlne and glucagon 
affect ensyme activities via the activation of adenyl cyclaae and 
the generation of cycllc-AMP, hence it seemed reasonable to assume 
that ethanol may alter physiological functions by affecting 
various en»yme activities.    Since we have shown that ethanol 
actions are antagonized by folic acid it seemed .reasonable to 
assume that effects of ethanol on enzyme activities might be 
counteracted by follc acid.    The present study was designed to 
determine if ethanol affected certain of the enzymes Involved in 
glucoaeogenesis which might thus serve to explain ethanol-induced 
hypoglycemla,  and if so, whether this might be prevented by follc 
acid. 

RESULTS AHD DISCUSSIOM OF THE RESUUS. 

Our initial studies in rats demonstrated that the oral administra- 
tion of ethanol by intubation (3 ml per day of 95% ethanol over a 
two day period)  significantly decreased plasma glucose and insulin 
levels ana the activities of two key regulatory enzymes  of gluco- 
neogenesis, pyruvate carboxylase and fructosedlphosphataae, and 
one glycolytic enzyme,  fructosediphosphate aldolase.     In each 
instance, the administration of 800 yg daily of oral folate In 
conjunction with the ethanol prevented these alterations  in 
carbohydrate metabolism.     This is in contrast to oral  folate alone 
vhich significantly increased plasma insulin levels and the 
activities of pyruvate kinase,  fructosediphosphate aldolase, 
fructosediphosphatase and formiminotransferase.     Folate  failed to 
increase the activities of either pyruvate carboxylase or phos- 
phoenolpyruvate carboxyklnase. 
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The intrarenous injection of ethanol into rata produced a rapid 
deereaM (within 5 «inutes) in the activities of hepatic phospho- 
fructokinaae, pyruvate kinase, fructosedlphosphatase and 
fnictoaedipliOBphate aldolaae.    Intravenous ethanol significantly 
increaaed hepatic cyclic AMP concentations approximately 60% 
within 10 minutes, vhile oral ethanol did not alter hepatic cyclic 
AMP concentrations.     Our data subotantiate the known antagonism 
between ethanol and folic acid. 

The depression of two key regulatory ensymes of giuconeogenesis 
(pyrurate cartoxylase and ftructosediphosphatase) by oral ethanol 
helps explain why ethanol may produce hypoglycemia.    Another 
possible contributing factor might be the increased sensitivity of 
the beta cell of the pancreas to glucagon in the ethanol-treated 
rats.    At eight minutes poet-glucagon injection, plasma insulin 
levels were increaaed approximately 170-fold in the ethanol- 
treated group, 27-fold in the ethanol plus folate treated group 
and only 5-fold in the control and folate-treated groups.    This 
marked outpouring of insulin in response to glucagon could con- 
tribute to the production of a hypoglycemic state. 

COMGLUSIGNS AHD RECOMMEHDATIQHS: 

Our data suggest that oral folic acid might offer a protective 
effect against hypoglycemia in rats receiving alcohol.    Additional 
studies are planned in humans (alcoholics) to determine whether 
chronic administration of oral folic aci'i has any beneficial 
effects. 

PUBLICAIICMS: 

1. Greene, H.  L. , F. B. Stifel, R. H.  Herman, Y.   F. Heman and 
N. S. Rosenswelg.    Ethanol-induced inhibition of hunan intestinal 
enzyme activities:    reversal by folic acid.    Gastroenterology, 
In press. 

2. Stifel,  F.  B. ,  H.  L.  Greene, E.  G.  Lufkin and R.  H.  Herman. 
Acute effects of oral and intravneoua ethanol on rat hepatic 
enzyme activities.     Fed.  Proc.   33: 709, 197U (Abstract). 

STUDY NO.  1c. The effect of diet,  drugs and sex 
steroids and other hormones on 
gastrointestinal enzymes of the 
Jejunal raucosa. 

PROBLEM: 

The hormonal state of the experimental animal plays a fundamental 
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role la the regulation of both hepatic and intestinal metabolism. 
It is will known that parathyroid hormone and calcitonin are two 
bomones which are Intimately Involved in calcium «etabollsm and 
mal function.    The purpose of these preliminary studies was to 
datarmlne the effects. If any, of intrarenous parathyroid hormone 
and calcitonin on renal cortical pyruvate klnaae,  fructosedlphos- 
phate aldolase and fructosedlphosiiatase activities in the rat. 

RESUIJS AID DISCUSSICB  OF THE RESULTS: 

Intravenous parathyroid hormones (25 and 50 yg)  significantly 
increased renal cortical fructosedlphosphatase activity, decreased 
pyruvate klnase activity and had no effect on fructosedlphosphete 
aldolase activity.    The changes occurred within 5-10 minutes and 
persisted for at least 20 minutes.    Intravenous calcitonin (25 
and 50 jig) produced changes exactly opposite to those seen with 
parathyroid hormone: pyruvate Itlnase activity increased end 
fructosedlphoftphatase activities decreased.    The greatest changes 
occurred witain 10 minutes with calcitonin. 

COHGLUfTOHS: 

Intravenous parathyroid hormone and calcitonin produce rapid 
changes in renal cortical  enzymes which persist for at least 20 
minutes. 

RECOttHiDJCTIOHS; 

Additional studies are needed to detemine the interrelationships 
between the parathyroid hormone and calcitonin effects on renal 
cortical enzyme activities, to determine the mediators  of these 
hormonal effects and to determine the significance of these 
initial findings. 

PUBLICAIIOBS:    »one. 

STUDY NO.  7. The effect of testosterone on 
Jejunal glycolytic enzyme 
activities in male hypogonadism. 

PROflUM; 

Previous studies showed that the activities of certain Jejunal 
glycolytic enzymes (pyruvate klnaae, PK;  fructose-l-phosphate 
aldolase, PIPA; fructoaedlphosphate aldolase, FDPA; hexokinase, 
HK) were reduced in hypogonadal male adults.    Adaptive changes in 
enzyme activities after dietary manipulation were less than in 

231 



Metabolic Response of Man to Nutrition or Disease (Cont) 

noraal «des.    To learn whether this lack of adaptive changes was 
related to testosterone deficiency, we perfoiaed further studies 
in 5 hypogonadal males. 

Jejunal biopsies were performed serially during isocaloric formula 
diets, diTided into 7-day treatment periods: carbohydrate-free, 
k0% glucose, k0% fructose, carbohydrate-free, carbohydrate-free 
plus testosterone, glucose plus testosterone, and fructose plus 
testosterone.    The dose of testosterone was 10 mg daily in 
propylene glycol.    An isocaloric amount of fat was substituted for 
sugar in the carbohydrate-free diets.    Samples of Jejunal mucosa 
ware assayed for glyoolytic enzyme activities. 

MCSUIiTS AMD DI3CUSSI0H OF THE RESUUS: 

The results show that there were adaptive changes of all enzymes 
follwring dietary manipulation.    A marked increase in dietary 
adaptation of PK occurred with administration of oral testosterone. 
This permissive effect of testosterone was specific for PK, since 
no diet-drug interaction could be demonstrated for Jejunal HK, 
F1PA, or FIIPA. 

(XMCLÜSICBS AHD REOQfffiNDATIOHS: 

Further studies should be carried out in hypogonadal females.    It 
is of interest that dietary maladaptaion has been noted in two 
patients with cachexia and hypogooadism, presumably due to anorexia 
nerrosa.    It is likely that the Jejunal enzyme abnormalities were 
somehow related to their hypogonadal state. 

PUBL1CAII0BS: 

1.     Lufkin, £.  G.,  F.  B.   Stifel,  R.  S. Tepllck,  and R.  H.  Herman. 
Permissive effect of testosterone on dietary adaptation of Jejunal 
pyruvate kinase in hypogonadal males.    J. Clin.  Endocr.  Metab. 
38: 1130, 191k. 

STUui HO.  15. Studies in acrodermatitis 
enteropatbica. 

PR0BI£M: 

For background information see Annual Progress Report for F5f 73, 
dated 30 June 1973.  In the interim since the last annual report 
additional studies on this patient were performed.  Tissue from 
the patient, and from htr spontaneously aborted stillborn 
anencephalic fetus have been obtained and are being saved for 

future analysis. 
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It now sterna clear that patiants with arrodermatitis enteropathica 
(AX) have so— defect in fatty acid meteholism.    Whether this 
defect is related to an abnormality in prostsglandins, or to some 
other abnormality remains uncertain.    It is also known that certain 
of the llpid classes are highly reactive snd especially subject to 
peroxldation.    These lipid peroxides are toxic, snl could lesd to 
cellular functional and structural defects, infls^matory changes, 
and potentially overt clinical manifestations.    The netabolis« of 
fatty acids is complex snd inccnpletely understood.    There are 
however, cellular aechani«na which operate to protect egainst 
peroxide formation.    One such enzymatic mechsnism is glutathione 
peroxidase, which serves to trsp and destroy a variety of 
peroxides, including hydrogen peroxide and unsaturated fatty acid 
peroxides.    Interestingly, this enzyme is present in skin and gut, 
wnile its exact function in these two organs remains unclear.    It 
is postulated that a defect in glutathione peroxidase could lead 
to fatty acid abnoimalitiee.    Dysfunction in both skin and gut 
are the characteristics of acrodermatitis enteropathica. 

RBSUIffS AMD DISCUSSIOI OF THE RESULTS: 

The assay of glutathione peroxidase in RBC's and tissue was being 
instituted when the studiea were terminated in anticipation of the 
move to San Francisco. 

CCMCLUBIOIS: 

An accurate and fairly rapid assay system for glutathione 
paroxldase has been instituted. 

RECONMSMDATIOMS: 

With resumption of work at  LAIR, PSF, these studies should be 
collated.    Tissue from the patic-t, her stillborn  fetus, and one 
other unrelated child with acrodermatitis enteropathica are on 
hand,  and can be analyzed with a minimum of effort.    These studies 
are of potential significance not only In elucidating the patho- 
genetic mechanisms in acrodermatitis enteropathica, but in 
providing information as to the normal metabolism of fatty acids. 

PUBLICATIOBS: 

1.    Heldner, K.  H., L. Hagler, W.  Wise, F. B. Stifel, E.   G. Lufkin 
and R.  H. Herman.    Acrodermatitis enteropathica: A clinical and 
biochemical survey.    AMA Arch. Derm., In press. 

233 



Mitabollc Ratpoose of Nan to ftutxltlon or Diseaae  (Cont) 

8TUDT 10. 2k. Hypoglycemia ■yndroawa. 

PgOBiat: 

PrerlouB work has shown th».« five patients had hypoglycenia 
related to a deficiency of hepatic and/or Jejuna! fructose 
diphosphatase, a disorder wjicb responds, in some cases to the 
adalnistration of folic acid.    We hypothesized that if fructose 
diphosphatase deficiency causes an abnormality in gluconeogenesis, 
reactive bypogiycenda might occur In some petients in whom no 
other cause had been found. 

Thirteen patients were selected who had been   'ound on out-patient 
testing to have "idlopathic reactive hypoglycnla"; i.e., who had 
significant hypoglycemia (blood glucose below 1*5 mg/dl,  accompanied 
by rise in plasma cortisnl and growth homone, and by symptoms of 
hypoglycemia y occurring usually 3-1/2 to k hours after glucose 
Ingestion.    In addition, studies were carried out In a small group 
of randosd." selected normal  subjects.    The studies included 
insulin stimulation, glycerol Ingestion, alanine infusion, a 5-hr 
glucose tolerance test, and Jejunal biopsies while on carboüydrate- 
free feeding. 

RSSUUS AMD DISCUSSIOH OF THE RESULTS: 

Only partial results of these studies are available.    The most 
remarkable finding is that Jejunal fructose diphosphatase defi- 
ciency was found in 8 of 13 patients with "idlopathic reactive 
hypoglycemia".    The deficiency was not severe in any patient, but 
in the 8 deficient patients ranged from 17.6 to 38.9 units  (normal 
» U8.1 + k.2 SaO.    No abnormalities in response to oral glycerol, 
alanlne infusion or insulin injection were found.    The results 
of glucagco assays are not yet available in these patients or 
their respective controls. 

RECOMMEMDATIONS: 

A prospective study should be developed which would allow an 
evaluation of the use of folic acid in the treatment of these 
patients. 

PUBLICATIONS: 

1. Hagler, L. ,  F.  D.  Hofeldt, E.   G.  Lufkin,  and R.  H.  Herman. 
Reactive hypoglycemia.    A clinical-physiologic approach to diag- 
nosis and treatment.    Rocky Mountain Med. J.  70: Ul, 1973. 

2. Hofeldt,  F.   D. ,  E.   G.   Lufkin,   L.   Hagler, M.  B.   Block,  S.  Dippe, 
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J. W.  Darli, P. H.  Fbrehaa and R. H.  Herman.    Are abnomallties 
in inaulln »ecratlon responsible for reactive hypoglycemla? 
Oiabatas, In press. 

STUDY ao.  26. Studies of adaptive enzyme 
mechanisms In tissue incubated 
In vitro. 

PROBLEM: 

To date, the question of adaptive change of small bowel mucosal 
enzyiMB to a variety of stimuli has been approached in vivo 
using laboratory animals, patients and volunteer subjects.    Now 
that a substantial body of data has been accumulated with respect 
to tha in vivo situation. It is desired to see if in vitro 
exparlaents would be feasible.    Advantages of this approach would 
Include precise control of experimental conditions, convenience, 
raprodiclbility and ability to explore mechanisms not testable in 
the intact animal.    A recently described in vitro organ culture 
technique for rabbit small bowel biopsies was utilized.    The 
characterisation of the system included light microscopic changes 
during the first 2k hours, stability of disaccharidases, protein 
determinations and the effect of follc acid on the soluble glucose 
metabolising ensymes of the small bowel. 

RESUUS AHD DISCUSSIOH OF THE RESULTS: 

It was determined that the technique was applicable and valid to 
determine enzyme changes.    Exposure of rabbit Jejunum to follc 
acid in vitro resulted in stimulation of enzyme activities and 
revealed striking correlation with in vivo data i.e.  enzyme changes 
at 50 mcg/ml of culture media occurring at k-6 hours and 50-100$ 
Increases in PTFase, FDPA and PK activities.    Cholera toxin 
(choleragen, 10 mg/ml) caused a significant Increase in the con- 
centration of cyclic-AMP.    There was  a typical response to cyclic- 
AMP,  i.e.  no change in FDPA, a rise In FDPase and fall in PK.    This 
was confirmed by using theophylline In 10-3 and 10-*M concentration. 
Data dealing with the direct effect of cyclic nucleotides is 
pending. 

Ethanol, which has been described in thij laboratory to be a potent 
stimulator of adenyl cylase in lysed cells, was examined as a 
stimulator of cyclic-AMP fom&tion in Intact tissue.    Ethanol at a 
concentration of 7 gmj but not 0.7 gm$, Btimulated cyclic-AMP 
foi»atlon which increased in less than 15 minutes and was noted lo 
return to normal at about k hours.    In contrast to the experiments 
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«here cbolara toxin itimulated cyclic-AMP and then bad a recipro- 
cal effect on the gut enzymea studied, ethanol uniformly depressed 
all enzymes (PK, FDPA, FEPaae) regardless of the cAMP lerels. 
Coabined stimulation of cultured Jejunum with cholera toxin and 
ethanol revealed both the early increase of cyclic-AMP levels 
noted iritb ethanol as veil as the late changes due to cholera 
toxin.    Data for the representative enzymes is pending. 

C01CLUSIOHS: 

It is possible to use in vitro incubation techniques to study the 
effect of various agents on Jejuna! enzymes.    This technique could 
well be applied to study of human Jejunal tissue obtained by per- 
oral biopsy to demonstrate biochemical abnormalities directly. 

RECaOglDAIIOHS; 

Theue studies should be continued using animal Jejunal biopsies 
and should be extended to Jejunal tissue obtained from suitable 
patients. 

PUBLICATIOiS:    None. 

Note:    This work unit is being terminated.    The on-going studies 
vill be continued under new work units designed to address 
specific defined research areas. 
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ABSTRACT 

PROJECT NO. 3A62110A822 Military Internal Medicine 

WORK UNIT NO. 079 Radioisotope Support  for Military 
Medical Research 

Research investigators are currently being supported with radioisotope 
services,  including procurement and storage of radiolsotopes,  radiation 
safety monitoring, decontamination of glassware, waste disposal, main- 
tenance of appropriate logs and records, and maintenance of radiation 
detection Instruments for Investigator use. 
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BODY OF REPORT 

WORK UNIT NO. 079 Radioisotope Support for Military 
Medical Research 

PROBLEM: 

The use of radioisotopes in nutritional and medical research has 
proven to be very useful.  The Radioisotope Branch is responsible for 
support of such use by procurement and storage of radioisotopes, 
radiation safety monitoring, decontamination of glassware, radioactive 
waste disposal and maintenance of logs and records as required by AEC 
and Army regulations.  Advice and counsel is given to investigators 
regarding the use of radioisotopes.  Beta and gamma counting Instruments 
are maintained for the use of investigators throughout the laboratory. 

RESULTS AND DISCUSSION OF RESULTS; 

The above support functions were maintained in the current fiscal year. 
Current instrumentation includes 2 gamma counting instruments and 6 
liquid scintillation counters. Disintegrations/minute and additional 
mathematical calculations are accomplished by computer with Radioisotope 
Division personnel providing the administrative support arrangements and 
Department of Information Sciences providing the computer programming 
and access support. 

CONCLUSIONS AND RECOMMENDATIONS: 

The use t-f radioisotopes is essential u«. the mission of the laboratory. 
It is recommended that the centralized support activity be maintained as 
the most economical and efficient means of making radioisotopes available 
to research investigators while maintaining adequate control of their 
use and thus protecting the health of laboratory personnel. 

PUBLICATIONS: 

None. 
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ABSTRACT 

PROJECT NO. 3A762760A822        Military  Internal Medicine 

WORK UNIT NO. 082 Mathematical and Computer Support 
of  Military  Blomedlcal  Research 

The following  Investigations have been conducted  under  this work unit: 

STUDY NO.   1    Computerized Mathematical  and  Statistical Oper- 
ations 

STUDY NO.   2    Mathematical and Statistical Analysis Training 
Manual 

Generalized  statistical  analysis routines  are being assembled and 
documented  for ready use by LAIR researchers.    Additional programs 
to assist researchers  in designing their experiments are being 
studied.    A manual  is  being prepared  to serve as  a guide  to the nature 
of statistics and ADP services  that are available. 
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BODY OF REPORT 

WORK UNIT NO. 082 Mathematical and Computer Support 
of Military Biomcdlcal Research 

STUDY NO. 1 Computerized Mathematical and 
Statistical Applications 

PROBLEM: 

This study is an ongoing one in that its purpose Is to provide an 
ever expanding repertoire of computational routines to assist the 
LAIR researcher  to evaluate and analyze his  data. 

RESULTS AND DISCUSSION OF THE RESULTS: 

The Generalized Research Analysis  Statistical  System   (GRASS)   has  been 
expanded  to  include many  rew routines which should   facilitate data 
analysis.     These  Include cettain data manipulation  routines,  a number 
of  transfonration routines,  and routines which automatically calculate 
probability  levels  associated with various  statistics  frequently used 
in analysis  of  data generated by investigators  at LAIR.     Also non- 
parametric  statistical  routine, have  been added.     Additional routines 

are being developed. 

Preliminary  research  has  bee., conducted  concerning   the  advisability 
and feasibility of  developing a generalized  experimental design 
package.     Certain  tasks  necessary for such  a package  have been accom- 
plished.     A generalized experimental design  package would be of grea. 
value  to  investigators   in designing  their  experiments. 

CONCLUSIONS: 

There are  now  three  statistical analysis  program systems  available   to 
the LAIR  investigator.     They  are GRASS,   Statistical  Package  for  the 
Social  Sciences   (SPSS) ,   and   the Biomedical  Computer  Program system 
(BMD).     Between   them,   these  three sytems  offer a  rather  comprehensive 
collection of  programs   to  statistically  analyze data   supplied  in  a 

variety of   formats. 

RECOMMENDATIONS: 

As  the  availability  of  computational  support   Increases,   so do  the 
number of   investigators  seeking  the  support.     It   is   imperative  that 
the statistical   routines  be  designed  and  documented   adequately  so as 
to create minimal dependence  of  the   investigator on   the Department 
of  Information  Sciences.     Documentation  of   the  routines  and  training 
classes   should   oe   initiated  in the  coining   fiscal  year. 
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PUBLICATIONS: 

None 

STUDY NO.   2 Mathematical  and   Statistical 
Analysis   rrainir.^ Manual 

PROBLEM: 

Efficiency   in  data collection  and analysis   is   gained  by   the  careful 
planning of  experiments.     A certain familiarity with  statistical 
principles   is   required   to  ccraprehend many of   the  problems  of  experi- 
mental design.     For  this  reason,  it  Is  desirable  for  investigators 
to have  some  exposure  to basic statistical  principles  and  techniques. 
The purpose of   this   stiirfv   is   to  provide   the  exposure. 

RESULTS AND DISCUSSION  OF THE  RESULTS: 

A course  covering   basic  statistical principles   and   techniques was 
developed with  cons'.deration of  the particular  problems  faced by the 
investigators  at LAIR.     Topics  covered  include  elementary  probability, 
sampling  theory,   the  normal distribution,   formulation of  hypotheses, 
significance  levels  and  power associated with  tests of  hypotheses, 
tests of hynotheses   about means   and variances,   and   linear  regression. 

Part of the course was presented to investigators from the Bioenergetics 
Division. Presentation was terminated because of the transfer of facil- 
ities  from Denver   to San Francisco. 

CONCLUSIONS: 

Exposure   to  basic   statistical   principles   should   enhance   investigators' 
ability  to  plan  efficient  experiments.     The  course  developed   includes 
the necessary   topics   nnd   provides  a medium   for   this  exposure. 

RECOMMENDATIONS: 

It   is  difficult   to  arrange  hours  so  that  a  number  of   investigators 
can attend  an  ongoing  course.     For  this   reason,   and   to  avoid  the 
necessity  of   giving  the  course  repeatedly,   a  laboratory  notebook 
is  being   prepared   for  Institute distribution.     The   laboratory  note- 
book will   include  essentially   the same material   as   the  course.     It 
may  also  include  discussions  of  other  statistical   topics   that LAIR's 
investigators   should   find  helpful. 

PUBLICATIONS:     Nonr . 
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ABSTRACT 

PROJECT NO. 3A062110Aä22      Military Internal Medicine 

WORK UNIT NO. 083 Military Food Hygiene 

The following investigations have been conducted in FY74 under this 
work unit: 

STUDY NO.  3      Comparative Studies of Selective Media,  Direct 
Plating Techniques,  and Enrichment-Confirmatory 
Techniques for Detection and Enumeration of 
Experimentally Inoculated Staphylococcus aureus 
in Military Freeze-Dehydrated Foods 

STUDY NO.  6       Comparison of Media for Enumerating Fungi in 
Precooked Frozen Convenience Foods 

STUDY NO.   10    Bacterial Pathogens in Dry Dog Food 

STUDY NO.  11    Reliability Between Individual Persons in 
Performing the Standard Plate Count for 
Fluid Milk 

Study No.  3.    Three analytical procedures and six conmercially 
available solid selective staphylococcal mediums were compared for 
recovery of coagulase positive staphylococci  from experimentally 
inoculated  foods.    The highest mean counts were  obtained with the 
pre-enrichment Most Probable Number Procedures and tellurite poly- 
mixln egg yolk agar.     A moulfied second study was  conducted, 
although not yet completely analyzed, the results  obtained were 
almost identical to those originally found. 

Study No.  6.       Sabouraud dextrose agar  (SDA) was compared  to potato 
dextrose agar  (PDA)   acidified  to pH 3.5  and  to SDA containing 
10 mg Kanamycin/100 ml and chloramphenicol   (SDA+)   in enumerating 
fungi from precooked   frozen convenience  foods.     SDA yielded signifi- 
cantlv higher fungal  count in most foods even though it   allowed a 
high degree of bacterial  growth.    No significant dif fere ace was found 
between the fungal  counts on PDA and SDA+. 

Study Mo.   10.    The microbiological quality of conmercially available 
dry dog foods was examined.    Ten samples of 13 brands were obtained 
from local retail markets.    Analyses of coliforms,  oscherichia coll, 
fecal strepococcl,  Clostudlum perfringens,  Staphylococcus  aureus, 
Standard Plate Count,   yeasts and molds,  and salmonella were performed 
on eech sample.     Organisms of the  type listed were  found, with the 
exception of salmonella. 

Study No.   11.     Standard methods  for  the Examination of Dairy Products 
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ll.t various criteria which technicians are required to meet  in 
^ntiTg burial colonies when perform 'V^'f c^aUd 

Unfortunately,  these criteria do not appear to be baaed on valid 
r^r r eiLch works and cannot be supported * 'll^™1.?™"' 
In conjunction with the Chapter Chairman.  Intersociety Council of 
Se Wican Public Health Association, a study »»%^ «^f t0 

statically determine  the limits of reliability of  technicians 
performing Standard Plate Counts. 
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STUDY NO.  3 Comparative Studies of Selective 
Media, Direct Plating Techniques, 
and Enrichment-Confirmatory Tech- 
nique for Detection and Enumeration 
of Experimentally  Inoculated 
Staphyloccus aureus in Military 
Freeze-Dehydrated Foods 

PROBLEM; 

Experiment No.  1.    As  reported in the Annual Progress Report  for FY73. 
Illnesses due to  the  toxins elaborated by S^.  aureus  have  long been 
recognized.     Statistics published by the National  Center  for Disease 
Control for the calendar year 1971 show that 28.8^ of all outbreaks 
of  food poisoning in the  U.S. were caused by this organism.    It is 
felt   that such evidence  indicates   the continued importance of 
inspection-control measures  and  the need for standardized methods 
in the laboratory detection and enumeration of  the organism.    At  the 
present time  the laboratory method and media used to  accomplish the 
latter varies from one worker to another, and is generally based on 
preference rather than specific merits of procedure  and media.     The 
purpose of the present study was to statistically compare  three 
procedures and six comnercially available media for their relative 
merits in the enumeration of j».  aureus. 

RESULTS AND DISCUSSION  OF THE RESULTS: 

Experiment No.  2.    Upon  review of the data from Experiment do.  1, 
questions pertaining to  the methodology were raised.     These were 
(a)  use of streaking technique in lieu of pour plates  for  the direct 
plating method and   (b)  use of a 48-hour incubation in lieu of 24  hours 
in the selective enrichment MPN method. These objections were corsid- 
ered,  and experiment  1 repeated.     Results  from experiment 2 were 
essentially  the same as   those of experiment  1,   thus  confirming the 
conclusions reached in  the  first experiment. 

CONCLUSIONS: 

In a test of  three analytical procedures and  st«. comnercially available 
solid selective medium,   the method of choice  for enumeration of  S.  aureus 
in  food products was the  pre-enrichment Most Probable Number procedure 
using  tellurite polymlxln egg yoik agar for confirmation. 

RECOMMENDATIONS: 

None. 
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PUBLICATIONS; 

None. 

STUDY NO.  6 Comparison of .Media  for Enumerating 
Fungi in Precooked Frozen Convenience 
Foods 

PROBLEM: 

The discovery of raycotoxins and  the changing  technology of  food 
preparation has  resulted  in a review and testing of  procedures 
used to isolate and  count  funei  from foods.    Acidification of  the 
media has long been used  as a means of selectively  inhibiting 
hacter: ; while allowing  fungal  prowth but  the low pH can be 
inhibitory to a portion of  the  fungal population.     The addition 
of specific antibiotics   to  the media,  in an attempt   to more 
selectively inhibit bactaria and  allow better fungal  growth,  has 
been used with good success. 

Investigations were made  comparing  the ability of an  acidified 
medium  (Potato dextrose  agar acidified to pH 3.5)(PDA),  an 
antibiotic-containing medium  (Sabouraud dextrose  agar with chloram- 
phenicol and Kanamycin)   and Sabouraud dextrose agar to quantitatively 
isolate  fungi  from precooked  frozen convenience   foods. 

RESULTS AND DISCUSSION   OF THE  RESULTS: 

Nineteen  (19)  individual   food  items  prep;"-«H  specifically  for 
military use and 17  commercial  items were  tested.     Statistical 
analysis of  the data  (ANOVA)  demonstrated that  there was a 
significant difference between the media.     Post-hoc Newjian-Keuls 
comparisons showed  that  Sabouraud dextrose agar yielded significantly 
higher fungal  and yeast  counts  than did potato dextrose agar or 
Sabouraud dextrose agar  containing antibiotics   (chloramphenicol 
ani Kanamycin).     Sabouraud dextrose agar allowed  a highor number 
of bacterial  colonies  to develop on the media than did  the other 
two media.     However,   this  bacterial  growth did not  affect   the 
efficiency of  Sabouraud dextrose agar over the other  two in 
enumerating funi;i  from the  pre-cooked frozen meals tested. 

CONCLUSIONS: 

Fungal  growth was not  suppressed when bacterial  growth was present, 
however the time and  labor necessary to perform Gram staining  for 
differentiation of bacteria and  fungi points up  the need  for an 
innibitory nedium more   selective   than SüA.     Acidified  PDA appeared 
much  too acidic  for  fungal  growth, while Kanamycin  and/or chloramphenicol 
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did not prevent bacterial growth while allowing fungal growth. 
Further work with other bacterial inhibitory agents appears  Justified. 

PUBLICATIONS: 

Ladiges, W.  C, J.  F.  Foster,  and J. J.  Jorgensan III.    Comparison 
of Media for Enunerating Fungi in Precooked Frozen Convenience 
Foods.     J.  Milk and Food Technol.   37(6) :302-304, June  1974. 

STUDY NO.  10 Microflora of Comnercially Prepared 
Dog Food 

PROBLEM: 

The importance of dry dog food in perpetuating certain canine and 
human diseases has yet to be establishes.    Salmonellae have been 
isolated  from 26% of 11 different brandn.    E.   coll is receiving 
much attention as a possible cause of gastrointestiinal disease in 
adult humans, although its importance as a disease agent  in mature 
dogs is not known.    This study was undertaken on dry dog food to 
determine  the numbers and types of bacterial pathogens which have 
been incriminated in food-borne illnesaes of man and dogs. 

RESULTS AND DISCUSSION  OF RESULTS: 

The microbiological quality of  130 samples of commercially produced 
dry dog food  (10 samples each of 13 different brands) was examined. 
In addition to the Standard Plate Count,  coliform count,   and yeast 
and mold count, each sample was   tested  for the presence of E.  coll, 
fecal streptococci, CI.  perf ringens, £.  aureus,  and Salmonella. 
There were no Salmonellae detected.    The mean counts  for the 130 
samples tested were:  Standard Plate Count - 14,000 org/gm;   Coliform - 
1 org/gm;  yeast and mold - 290 org/gm;   fecal streptococci  - 69 org/gm; 
E'   coli,  Cl.  perf ringens and  S^.   aureus  - <1 org/gm. 

Even though contamination with several pathogens was found,   the 
basic question remains whether dry dog foods are a source of 
sporadic disease in dogs.     Feeding trials with known quantities of 
selected pathogens appear to be necessary to adequately determine 
this question. 

CONCLUSIONS: 

Further studies are necessary   to determine the degree of  risk to 
humans and dogs from pathogens  in dry dog food. 

RECOMMENDATIONS: 

None. 24g 
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PUBLICATIONS: 

Ladigea, W. C, and J. F. Foster.  Bacterial Pathogens in Dry 
Dog Food - A Clinical Item.  In Press, J. AVMA. 

STUDY NO.   11 Reliability Between  Individual 
Persons in Performing the Standard 
Plate Count  for Fluid Milk 

PROBLEM: 

Standard Methods  for the Examination  of Dairy Products 
is  the official publication of  the American Public Health 
Association which is used in performing laboratory examinations 
in regulatory dairy microbiology.     It is updated regularly; 
the next edition is scheduled  to be  issued in July 1975 .     Many 
of the reliability indices used for counting techniques in the 
Agar Plate Method appear  to be based  on empirical rather  than 
scientific data.    The  Chapter Chairman,  Agar Plate Method,   requested 
that  this laboratory participate in a series of studies designed 
to provide scientific data, based on carefully controlled laboratory 
procedures and statistical  analyses   to establish the validity of 
the tests  for incluuion  in the next edition of  Standard Methods 
for the Sxaraination oi_ Dairy Products. 

RESULTS AND DISCUSSION OF RESULTS: 

Five  technicians were utilized in the study.    Tneir experience 
with  counting bacterial  colonies  ranged from several years  to 
only a  few months.    Preliminary counting sessions were performed 
in order  to establish si-nilar reference points.    The experiment 
was designed to statistically determine  (1)  reliability of  technicians 
in preparing plates from identical samples;   (2)  reliability 
of    technicians in counting  their own and other technicians' 
plates  from identical samples,  and   (3)   long-term ard short- 
term reliability  in a given technician's counting of  the same 
plates.     In order   to  accomplish this,   all plates were  assigned 
blind numbers througli  a system of  random numbers  controlled 
by persons not performing  the  counting procedures. 

The  iabcratory procedures  in  this study have been completed, 
however  the statistical  analyses have not been accomplished. 
It  is  anticipated   that   the  results  of   this study will  provide 
reliability data  for  the next  edition of Standard Methods  for 
the Examination of üairy  Products. 
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CONCLUSIONS: 

None as yet since the statistical analyses have not been performed. 

RECOMMENDATIONS; 

None. 

PUBLICATIONS; 

None. 

ADDITIONAL PUBLICATIONS  UNDER WORK UNIT 083 

STUDY NO.  2 

STUDY NO.  4 

STUDY NO.  5 

STUDY  NO.   7 

STUDY  NO.   8 

Ladiges,  W.  C,  J.  L.   Fowler,  and J.   F.  Foster. 
Survival Time of Experimentally Inoculated 
Staphylococcus Aureus in a Military Freeze-Dehyd- 
rated Food Product.     USAMRNL Laboratory Report, 
No. 344,   1973. 

Ladiges,  W.  C,  and J.   F.  Foster. 
Salmonella in Beef and Chicken.    J, 
Technol.   37(4):213-214,  1974. 

Incidence of 
Milk and Food 

Ladiges,  W.  C,  J.   F.   Foster,  and W.   F.  Ganz. 
Comparison of Salmonella Polyvalent H Antisera, 
Direct  Fluorescent Antibody,  and Cultural Procedures 
in Detecting Salmonellae  from Experimentally 
Contaminated Ground Beef  J./Jcr Frozen Storage. 
In Press,  J.  Milk and  Fooa Ter'.mol,  1974. 

Ladiges,  W.  C,  J.   F.   Foster,  and J.  L.  Fowler. 
Survival  of Microflora in Precooked,   Frozen Meals 
During Frozen Storage.     Cleared for publication 
as a LAIR Institute   Report. 

Madiges,  W.   C,   J.   F.   Foster,  W.   F.   Ganz,   and M.   u. 
Henderson.     Microflora of  Ground Beef.     Submitted  to 
Publications Review Committee as a LAIR institute 
Report. 

Ladiges,  W.  C,  J.  F.  Foster,  and W.   F. Ganz. 
Incidence of Viability of Clostridium perfringens 
in Ground Beef  - A Research Note.     In Press,  J.  Milk 
and Food Technol. 

Ladiges,   W.  C,   W.   F.   Ganz,   M.  L,  Henderson,  and 
J.  F.  Foster.     A Preliminary Study on  the A tibiotic 
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Resistance of Bacteria Isolated from Food Animal 
Products.    USAMRNL Laboratory Report No.  343,  1973. 

STUDY NO. 9 Ladiges, W.  C,  J.  F. Foster, and W. F. Ganz. 
Evaluation and Use of the Mouse Intestinal Loop in 
Determining Enterotoxigenicity of Escherichia coJK. 
Submitted to the Canadian Journal of Comparative 
Medicine, May 1974. 

RESEARCH WORK PERFORMED ELSEWHERE  BUT PUBLISHED DURING FY 74 

1. Fowler,  J. L., J.  L. Young,  R. T.  Sterner, and R. C.  Fernau. 
Dirofilaria inmitis: Lack of correlation between numbers 
of microfilariae in peripheral blood and mature heart worms. 
JAAHA 9:391-394,  1973. 

2. Ladiges, W. C, E. 0. Dicltenson, and J. R. Gorham. A 
clinical and pathological comparison of the pulmonary 
response during experimentally induced anaphylaxis in 
sheep and cattle.    Am.  J.  Vet.  Res.  35:389, 1974. 
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ABSTRACT 

PROJECT NO. 

WORK UNIT NO. 

3A062110A822  Military Internal Medicine 

085 Nutritional Requirements  of 
Military Personnel 

The following  investigations have been conducted  under this work 
unit: 

STUDY NO.   1 Vitamin C Metabolism and Requirement in Man 

STUDY NO.   2        Vitamin A Requirement  of  the Adult Human 

Study No.   1 Investigation of  ascorbic  acid-2-sulfate  (AAS) 
metabolism has  shown  that AAS orally  fed  or  injected intraperitoneally 
has  little If  any metabolic value in the rat.    Chromatographie 
techniques have been established to  isolate ascorbic acid,  ascorbic 
acid sulfate  and their metabolites;  however,   specific assays have 
yet to be established  to assay  the metabolites. 

Study No.   2 A deficiency in vitamin A was  induced experimentally 
in eight human volunteer subjects as evidenced by biochemical, 
clinical,  ophthalmologlcal    or  isotopic  labeling  findings.     The 
adult human appears  to require a minimal  intake of  600 ug/day of 
retlnol although an Intake of  1200 Mg/day  is desirable to insure 
modest body stores of  the vitamin.  A daily  intake  of approximately 
1200 ;ig of  p-carotene will provide the minimal needs of  the adult 
human for vitamin A.     Howevar,  approximately 2400  yg/day of  ß- 
carotene appear necessary to ensure plasma vitamin A levels  above 
30 pg/lOO ml which are judged  desirable. 
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STUDY NO. 1 Vitamin C Metabolism and 
Requirement in Man 

PROBLEM: 

Investigation of the metabolism of ascorbic acid in man was 
continued to establish its physiological role.  ^C-ascorbic 
acid-2-sulfate (AAS) has been isolated from urine of man and the 
rat fed i^C-ascorbic acid (AA).  Further, equal molar amounts of 
AAS were shown beneficial to the trout as a replacement of dietary 
AA.  Tnvestigation of AAS metabolism in th3 rat would further the 
understanding of AA metabolism and might establish procedures for 
AAS metabolism studies in man.  However in the interpretations of 
the derived data consideration must be given to the fact that the 
rat synthesizes ascorbic acid while man is dependent upon external 

sources of the vitamin. 

RESULTS AND DIbCUSSION OF THE RESULTS: 

AAS has been isolated from human and rat urine.  It was of interest 
to investigate the metabolic rate of AAS orally ingested or 
injectea intraperitoneally (IP).  Chromatographie procedures were 
established for the separation of AAS, AA and their metabolites 
in urine and tissue extracts.  Ninety percent of the i4C or  S 
was excreted in the urine within 24 hours following the IP injection 
of ^C or 35S_AAS into the rat.  The compound excreted was not 
AAS, however, studies indicated the 1^C and 35S were in the same 
molecule.  Eight to 13% of the total ^C and/or 35s was recovered 
as a yet unidentified compound collected from rats fed  C 
and/ur 35S-AAS orally.  The amount of 14C or 35s in the feces 
varied with time.  Fifty to 70% of the 14C from 14C-AAS was 
recovered as 14C02 in 24 hours.  Microbial degradation may ha^e 
bean partially responsible for the 14C02 release.  Less than 0.1% 
of the l^C or 35S was found in any tissue examined. 

CONCLUSIONS: 

Ascorbate-2-sulfate injected intraperitoneally or fed orally is 
probaoly of little if any beneficial value to the rat but the rat 
is net an AA dependent mammal. The ascorbate suilatc isolated 
from urine of man and rat can be considereu an ascorbic acid 

metabolite. 
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STUDY NO.   Z Vitamin A Requirement of   the 
Adult  Human 

PROBLEM: 

Although vitamin A is one of the most  important  nutrients  for  the 
maintenance of  life,   health, vision,  and  reproduction,  limited 
information  is available for  the adult  human as   to  its metabolites, 
mode of  action or minimal daily  requirement.     In view of  this 
dearth of   information,   an extensive  study was  undertaken to  induce 
a deficiency of vitamin A in adult male  human volunteers and  study 
their requirement and metabolism of  the vitamin. 

RESULTS  AND  DISCUSSION OF THE RESULTS: 

As was  previously reported,  eight human volunteers were maintained 
in a metabolic ward and placed on a vitanin A depletion and 
repletion regimen.     Because of   the magnitude of  data obtained 
from  the  study,   extensive evaluations were  necessary before 
interpretations and  conclusions would be  presented.    Although the 
analysis  of   the data  is not entirely completed,   certain conclusions 
are now possible. 

A deficiency  in vitamin A was  induced  in  the volunteer subjects 
as evidenced by biochemical,  clinical,  ophthalmological,  or 
isotopic  labeling findings.    The clinical and ophthalmological 
changes were  associated with decreased body pools  of vitamin A, 
reduced  utiliztion rates,  and  lowered plasma  levels  of  the 
vitamin.     An  intake  of  150 pg/day of  retinol corrected the  dark 
adaptation  impairment but was inadequate  to reverse  the observed 
abnormal electroretinograms.    An intake of  600 pg/day of retinol 
appeared  to be marginal in correcting  the  electroretinogram 
changes  present  in  two subjects.     This   level of  retinol intake 
would  probably  result  in a plasma  retinol   level  of   20 ng/100 ml 
or above,   but  a plasma  level of   30 pg/lGO ml or  above could  not 
be ensured without  an  intake of   1200  ug/day  of  retinol.    The  amount 
of   ß-carotene necessary  to meet   the vitamin A requirement  of  adult 
men appeared   to be approximately  twice  that  of  retinol   although in 
some  Instances   the amount required appeared  to be   less  than double. 
Based on  the  radiometric  findings of  body  pools  of  vitamin A and  on 
vitamin A utilization  rates,   the maintenance of  a  plasma vitamin A 
level above   30  pg/100 ml would  be necessary   to ensure modest  body 
stores   of   the  vitamin.     At   this   plasma  vitamin A   level,   the   utiliza- 
tion rate of  vitamin A ranged  from 570  to   1250  ug/day. 

CONCLUSIONS: 

A deficiency   in  vitamin A was   induced   experimentally   in eight   human 
volunteer  subjects  as   evidenced  by clinical,   ophthalmological,  bio- 
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chemical, or isotopic labeling findings.  The °PhH
thalm0^8^al ^ 

clinical changes were associated with decreased ^dy pools of 
vitamin A, reduced utilization rates, and lowered plasma levels 
of the vitamin.  The adult human male appears to require at least 
600 yg/day of retinol to prevent or cure ey^ changes and perhaps 
Zreto  reverse cutaneous changes. The requirement for ß-carotene 
is approximately 1200 pg/day. These levels of retinol and ß- 
carotene would not necessarily support optimal levels of plasma 
vitamin A. Intakes of 1200 wg/day of retinol or 2400 pg/day of ß- 
carotene appear necessary to ensure plasma vitamin A levels above 
30 pg/100 ml which are judged desirable. 

PUBLICATIONS: 

1. Baker. E. M.. M. K. Knight. J. A. Tillotson. D 0. Johnsen 
and B. M. Tolbert. Comparative metabolism and nutrition ot 
ascorbate-2-sulfate. Fed. Proc. 33: 257. 1974 (Abstract). 

2. Neal. R. A., and H. E. Sauberlxch  Thiamin  In:  Medern 
Nutrition in Health and Disease. 5th edition, p. 186, 1973. Lea 
& Febiger, publishers. 

3   Säuberlich. H. E.  Pantothenic acid.  In:  Modern Nutrition in 
H^lth and MseLe, 5th edition, p. 203. 1973. Lea & Febiger. 

publishers. 

4. Sauberlich. H. E.. and J. E. Canham  Vitamin B   In: Mern 
Nutrition in Health and Disease. 5th edition, p. 210, 1973. Lea 

& Febiger, publishers. 

5. Säuberlich, H. E.. R. P. Dowdy and J. H. Skala  ML^IX 
Test for the Assessment of Nutritional Status.  1974.  CRC nress. 

publishers. 

6 Säuberlich. H. E.  Some aspects of vitamin metabolism and 
requirements.  SJ_AfrI_J^_Med.  In press. 

7 Sauberlich, H. E. . R. E. Hodges. D. L. Wallace. H. Kolder 
" E. Canhlm J Hood. N. Raica. Jr. and L. K. Lowry  Vitam.n A 
holism a^d requirements in the human studied with the use o 
labeled retinol. Vitamins  and Hormones, vol. 32. 1974.  In press. 

8 Tolbert, B. M.. and E. M. Baker.  Ascorbic acid: Nutritional 

L biochemical aspects.  Presented at ^\^\0[XtrTtlon 
Institute of Nutrition and American Society for Clinical Nutrition 
held in Ithica. N.Y.. Aug. 1973.  In press in Fei^Proceedin^s. 
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9. March, S. C, B. M. Tolbert and E. M. Baker.  Column chromato- 
grnphy of ascorbate sulfatea II: Decermination in natural products, 
Submitted for publication in Anal. Eiochem. 

10. Baker, E. M., D. C. Hammer, J. E. Keunedy and B. M. Tolbert. 
Interference by aacorbate-2-8ulfate in the dinitrophenylhydrazine 
assay of ascorbic acid.  Anal. Biochem. 55: 641, 1973. 

11. Hodges, R. E., and E. M. Baker. Ascorbic acid.  In: Modern 
Nutrition in Health and Disease, 5th edition, p. 245, 1973. Lea 
& Febiger, publishers. 
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that performance is not impaired by improper nutrition; (c) to evaluate military ra- 
tions, existent and experimental, in terms of chemical composition and nutrient content; 
and (a) to provide statistical and computer support for the indicated objectives. 
24. (U) Conduct nutrition surveys and other nutrition investigations of military 
bases, personnel groups and rations of the Armed Forces upon request to evalute factors 
such as nutrient intake, nutritional status and work performance.  Information would be 
obtained through procedures such as clinical examinations and histories, food intake 
measurements, nutrient analyses of food items and composites, biochemical measurements 
on blood and urine samples, body composition measurements and physical performance tests 
Data will be subjected to mathematical and statistical evaluat'ons through the use of 
developed computer programs, data files and data reduction systems.  Specific and 
junique military nutrition and dietary problems would receive special attention through 
|the conduct of workshops, symposia or research. 
25. (U) 73 07 - 74 06  A nutrition study was conducted througnout all three phases of a 
Ranger training cycle to evaluate the adequacy of the current ration allowance.  Weight 
loss of 43Z of the trainees exceeded 10%  of the initial body weight.  A nutrition survey 
was conducted at ENT AFB and Peterson Field with particular attention to the consump- 
tion of food outside the dining facility and the relationship of total food cousumption 
to nutritional status of the personnel.  Reports of nutrition surveys at Ft. Lewis, 
owrv AFB, and Ft. Myer, VA which were delayed by loss of personnel and transfer of 
miUmJrM^MMo.tüvSJin  Francisco are now in the final stages -.1 preparation. 

nirwOR«     1   AdO PREVIOUS   tTDITIONS   CF   THIS   FOHM   ARE   OBSOLETE        DD   FORMS   M9»A     'NOVBB 
'U,  M.R «1 *»>7Ö AND'4»S1      1    MAR   6«   IFOR   ARMV   U5E1   ARE   OBSOLETE 
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ABSTRACT 

PROJECT NO. 3A762760A822 Military  Internal Medicine 

TASK NO. 02 Nutrition and Wholesomeness  Support 
for DOD Food Program 

WORK UNIT NO. 086 Nutrition Studies  in Support  of 
DOD Food  Program 

The  following investigations have been conducted under  this work unit: 

STUDY NO.   1    Nutrition Surveys  Tf Military Populations  and 
Installations: 

a. Lovry AFB,   CO,   13-21 Jul  71 

b. Ft.   Lewis,   WA,   11 Oct-5 Nov  71 

c. Ft.   Myer,  VA,   15-26 May  72 

d. ENT-Peterson AFB,  CO,   Oct-Nov   73 

STUDY NO.   2    Calculation of Nutrition Intake of American 
POWs   from Recall  Interviews 

STUDY NO.   3    Study  of  the  Rangers During Training,   Ft.   Bennlng, 
GA 

STUDY NO.   4    Military Nutrition Studies:     Biochemical Support 

Study No.   1.     The nutrition survey  studies  have  all  been listed under 
Study No.   1 of  this  work u.iit.     The  reports of  the nutrition survey 
conducted at Lowry AFB,   Colorado;   Ft.  Myer,  Virginia,   and Ft.   Lewis, 
Washington are being completed.     A survey was  completed at ENT-Peterson 
AFB,  Colorado.     The  data have been coded and keypunched.     Statistical 
analyses  are  in progress. 

Study No.   2.     Based on dietary  recall,  histories obtained by   the 
dieticians ac participating US Array and US Navy hospitals,   the  dietary 
intakes of returning US prisoneis of war have been  calculated.     Data on 
241  POWs have been evaluated  for various   intervals  of   Incarceration. 
Nutrient Intakes   for all  men have been calculated  for  1190 Intake periods. 

Study No.   3.     A study was  conducted to determine whether or not US 
Rangers  in training at  Ft.   Benning,  Georgia,   require   Increased  rations. 
Large body weight   losses   and  significant  decrements  of work  performance 
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were observed in the men during phases of the  training.     These  changes 
appear to justify a 10  to 15Z increase in daily calorie  allowances. 

Study No.  4.    An optimized erythrocyte transaminase procedure was 
utilized on samples obtained  from  three military nutrition studies. 
Selected mineral analyses were performed with the use of  atomic 
absorption techniques on serum samples obtained  from ENT AFB,  CO. 
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BODY  OF REPORT 

WORK UNIT NO. 086 Nutrition Studies   in Support  of 
DOD  Food Program 

STUDY  NO. 

PROBLEM: 

l_a Lowry Air Force Base,  Colorado 

The effort by all  three services  to make  the service operated dining 
halls  and the military subsistence more appealing  to  the  young "^J-i'-ary 
member coincides with the  incorporation of many new  food  items which 
have not been thoroughly  studied for  nutritional quality  or nutrient 
content.     In addition,   the   incorporation of new  foods  and   feeding 
systems has stinulated various  concerned elements of  the  establisned 
food production industry,   nutritionists and  food scientists  to question 
the adequacy of  the new  feeding systems.    To adequately  respond  to  these 
criticisms more  information  is  required which can be  supplied through 
surveys  of DOD units   and DOD  dining   facilities. 

The military nutritional  standards   are  designed  to provide  adequate 
nutrition to military personnel under normal  conditions  and  to provide 
energy  in sufficient  quantities   to maintain body weight  most   conducive 
to  their w,-ll-being and health.     However,   the  standards   also  allow  a 
margin of safety   for variations   in body   size. 

RESULTS  AND DISCUSSION  OF THE   RESULTS: 

Study  No.   1-a.     The Lowry AFB  survey was of  limited  scope   and was 
designed to evaluate  the  acceptability  and utilization ot   short  order 
lines  as  compared to  the standard serving line.    The  facility surveyed 
provided support   to two  training squadrons  housed  in  the  same building. 
The  data  (Table  1)   indicate   the  "subsistence   in kind"  personnel   (the 
trainees)   utilized  the   facility  as   follows:     32Z  consumed  only one 
meal  a  day;   42.9% eating  two meals;   and  25%  consuming  three meals.     The 
overall  utilization by   the   trainees  was  63%   for all  days   and up   to  67.3X 
during  the week  days.     This  was  a  good dining  facility  and was  used once 
a  day   bv  many   individuals   receiving   a   ration   allowance.     The   inclusxon 
of   this' group distorts   the  picture   for the "entire  population.       An 
average  of  888  total  men were  observed per day with  an  average of   7/8 
of  them receiving "subsistence  in  kind."    The  popularity   and percentage 
of  men  utilizing various  meal  combinations   throughout   the   day  are 
depicted  in Table  2.     More   than 45%  of  the personnel  surveyed utilized 
the  short  order  line   for  at   least  one meal  during  an  average  day  and 
at  least  16%  received  all   their meals  consumed  in  the  dining  facility 
from  the short  order   lines.     For  the  "subsistence  in kind     group,   the 
same   two values   are  respectively  49%   and  17%,  which might   indicate 
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that  those  persons   expected   to  utilize   the  .Uning   facilities   more 
throughout  th? day  are more  ept   to  favor  th^ bhort  order  line   for  some 
part of  the day but  it may more  reflect  the eating habits  of   the youthful 
students   as compared  to  the   -adre who were  utilizing   The  facility  as 
a convenience. 

In  general,   foods  such  as   fruits,   fruit  juices,   soups,   gravies,   dairy 
products,  jams,  jellies,  soft  drinks,  most entrees,   cereals,   etc.  were 
highly   acceptable  as demonstrated by   fairly  low  plate wastes.     However, 
items  su;h  as  assorted cakes,   pies,   assorted po'.atoes,   breads   and 
most  salads and vegetables  had  fairly  high wastes. 

CONCLUSIONS: 

The  daily  caloric  intake   for   the  students  subsisted within  this  one 
dining  facility was  2265  kcal/day but  no  infermation was  available  to 
indicate  the amount  consumed outside  of   the   facility.     -Jaloric  intake 
of meals   from the  short  order   line was   higher  than observeJ   at   the   regular 
meals. 

STUDY NO. 1-b Ft.   Lewis, Washington   (See  USAMRNL 
Annual Progress  Report,   IT   72,   for  more 
details.) 

PROBLEM: 

The  introduction of  the short  order  and speciality houses   in  military 
dining halls was  designed  to  prcvide  military personnel   the  opportunity 
to obtain   food  items more   in keeping with  their previous  mating practices 
and habits.     At  Ft.   Lewis,   the   Centralized Army  Feeding System  (CAFE) 
was  instituted  to evaluate  the  economics  of such  a system and  to deter- 
mine  the  impact of  the system  upon  food  acceptability  and meal  attendance. 
The CAFE  preparation area,   a short order house;   a specialty   house,   a 
conventional dining  facility  and a dining  facility serving  both  short 
order «md  regular food items were surveyed along with  a  representative 
sample  of  the consumers.     In  addition  basic  trainees  and  the  supporting 
dining  iacility were surveyed  but  the   findings were  reported  previously. 

RESULTS   AND DISCUSSION  OF THE   RESULTS: 

The  experimental  feeding system  involved a central   food  preparation, 
with  distribution of  frozen,   precooked   foods   to satellite  dining halls 
for  reconstitution  (heating)   and  serving.    A centralized scullery   for 
dishwashing was  an  integral part  of   the  study. 
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The  average man eating at  Ft.   Lewis  CAFE  consumed only   1.57 meala/day 

during    he entire survey period, which -P—""/ "^ ^^ ^l" L 
nf   S2Z baaed on a 3 meal/day authorization.     The dally  caloric  Intakes 

ons5«ebdTn th^ fining facilities  averaged 2475 ^a^     Inca.es  o    pro en 
calcium,  vitamin A and vitamin C was  adequate.     See Annual  Progress Report 

for FY   72. 

The plate wastes  calculated by  food groups   illustrated that  the com- 
b^n dining hall had.  in most  instances     the Highe8t-stea  of 

e   ►!.„ /.   AAnino halls       This   ''ould have  been due   to   the  great 
Zillyli ITTJTU. th.i d.nin8 hall ** U*U.* effort  at portion 

control of many items. 

The combined waste for all dining hal3s showed 32 of the food items 
lerved had plate wastes above 20Z. In all probability thxs was due 
to^he heavily weighted waste data  from ehe  combination house. 

CONCLUSIONS; 

Despite  the many  innovations  designed  to Increase dining hall  utiliza- 
tion    availability of  a large variety of  foods  for extended hours 
remodeling the speciality and short  order houses  to  resemble  a res- 
"urant  id snack bar.   Including booths,   tablecloths.  J"k* b°«8'  ^;' 
and serving short order items   to order),  the attendance cUo  not  appear 
" be  ^ ater than that  observed on other posts.    The ^^J^^" 
of all  th-  dining areas  plicated  that  the men ate less  than  2 meals/day 

r  thii  ^he litary dining  facilities      This may ^-^^J e '^'^w 
hat  even  the majority of   the  enlisted Pe"OIinel "0t .^th°f "^e^ne^ 

quarters  allowance were  living away  from the post under  the.   then new. 

liberalized pass  policy. 

STUDY NO. 1-c ".  Myer.  Virginia 

PROBLEM: 

The primary objective was   to evaluate an fj'^1/- -^ ^iT 
heine utilized in the Trl-Service Dining Hall at  Ft.  Myer,   VA. wnere 
the  conductor was  responsible   for procurement,  preparation,   serving 

and  clean-up   (including waste  olsposal). 

RESULTS  ANT  DISCUSSION  Or   T11E  RESULTS: 

This   dlnin* hall  had  an   elaborate   feeding  system that was   designed  to 
fe      %[o2200  individuals/meal period      Ten -parate mea s were 
possible.     The  overall   dining hall  attendance  for  the  entire  study 
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indicated that 6^.3X ate only one roeal/day; 25.42 ate 1  meais/day, 
and only 8.4% ate 3 meals/day (Tablv! 3).  A further breakdown of the 
data shows that only 1.292 of all individuals ate the three regular 
meals (breakfast, lunch and supper); 5.29Z ate the main breakfast and 
main supper meals, and 3.072 ate the main breakfast and main supper 
meals, and 3.072 ate the main dinner and supper meal, ^able 4).  The 
small attendance at these meals is due in part tr the great variety 
of other meals being served during the day.  However the major reason 
for low attendance was that the majority of personnel subsisted in this 
facility were assigned to duties throughout the District of Columbia 
and could not readily return for mid work-shift meals. 

Although the regular breakfast, dinner and supper meals were most 
popular (Table 4), the attendance averaged only 32% of the total 
populatJ'-ii for the main breakfast mtal, 262 for the main lunch end 
31% for the main supper. With the exception of the continental 
breakfast meal, the nutrient Intakes based on the consumption of any 
three meals fulfilled the military allowances.  (See Annual Progress 

Report FY 73.) 

Milk intakes were low when compared to previous studies.  The highest 
intakes for any three meals averaged 799 g/day.  Although reported on 
a dally average, milk intake at Ft. Huachuca was 1119 g/day; Ft. Carson, 
1150 g/day, and 1378 g/day - Ft. Henning Ranger study.  In past studies, 
milk was readily available but not at Ft. >'yer.  The discrepancies 
could be related to the Irgh consumption of carbonated and non-carbonated 
soft drinks which were available at every meal. 

The data suggest fairly poor acceptdbilitv of many food itens which 
appeared to be related to the use of leftovers.  Although the use of 
leftovers may have been the contractor's means of economizing, the 
resulting high plate waste suggedting low accsptability were common. 
Items with apparent low acceptability included salads, soups, cakes, 
pies, puddings and Jello. 

Eaible plate wastes observed in this study were considerably higher 
than observed in past nutrition surveys at military installations. 
Frequently, food was prepared too tar in advance for the dinner and 
supper meals and was usu?liy stored in heated ovens and steamers for 

hours 

The kitchen work appeared programmed to create shortages.  In general, 
"backinv up the line" (food replenishing) was slow and portions o.' 
the more acceptable food items were small which necessitated going 
through the serving line aga'n for seconds.  The nect?sity of the 
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individual  consumer  to sign  the head  count  sheet  a second   time   to  receive 
seconds  provided  an  additional  source  of   revenue   to  the  contractor,  who 
was  paid  on  the basis  of  the  head  counts. 

CONCLUSIONS: 

1. There   is   a major  asset  in  utilizing  a catering service   to  feed 
military  personnel.     Military  personnel  staffing  to prepare meals   and 
to  support  the dining  facilities  is  drastically  reduced. 

2. In all   recent  surveys conducted   the  caloric intake  from meals 
obtained   in  short  order lines,   a specialty  house or  a short  order 
house  has  exceeded  that normally  consumed  at  a comparable  conventional 
meal. 

3. Recent  surveys   indicate  that   few military members will   consume 
three meals   a day within their military  dining  facility evon when 
it  is  close  by or when maximum effort  is  made  to provide suitable 
meal hours. 

STUDY NO, 1-d ENT-Peterson AFB,   Colorado 

PROBLEM: 

The  objective was  to  evaluate  the  nutritional  status  of  the   troops   and 
to  compare   the nutrient  intake  from   the  dining halls  and  to determine 
the  amount   and  type  of   food consumed   from sources  outside   the  military 
dining  facilities.     The utlliatlon of   dining hall   facilities was  also 
evaluated. 

RESULTS  AND  D1SCUSSSI0N OF THE  RESULTS: 

A nutrition  survey was  conducted of  dining  halls   located at  ENT AFB 
and Peterson  Field,  with particular  attention  given  to  the  nutritional 
adequacy,   quality,   and selection of   the   foods  served  and  the nutritional 
status  of  the  individuals being served.     Additional  information was 
provided  by   24-nüur  recall data and   food diaries   that indicated   the 
food eaten  away   from  the dining halls.     H^ad  counts  and plate waste 
information were  also gathered  for  evaluation.     The head  count  data 
would  provide   information as   to  the  number of  meals   consumed by  each 
individual   per day,   and  the   type of  meals   consumed by  these  Individuals 
(regular,   short  order,  midnight  supper,   etc.). 

Daily   food  intake  and  food waste  data   from  the  dining halls  have been 
sunmarized  and  are  now  being evaluated.     A sample of  personnel   receiving 
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Bubslstence-in-kind was selected at  random  from eight   units.    The 
men were  Interviewed  on day  1 of   the  survey   concerning   food  Intake 
for the previous   2A hours  aad given diary  cards   for  7 days.    On day   7, 
another interview verified and completed the   food  Intake  information 
for the seven days  and a second set  of  diary cards was  given to  the 
subject which was  verified on day  15.     In  this manner,   15 days of 
detailed   food   Intake  information were obtained   for each  man. 

CONCLUSIONS: 

The  data  from  the  ENT AFB  and Peterson Field  nutrition  survey  have been 
coded  and verified   for  keypunching       The  keypunching has  been completed 
and computer  files  have been established and are being verified  for 
accuracy.     Descriptive  statistics  and statistical  analyses are cur- 
rently  In  progress  but  have been delayed  due   to problems   in conversion 
of previously   available programs   to  conform   to   the  capabilities  of 
the current  computer hardware. 

RECOMMENDATIONS: 

None. 

PUBLICATIONS. 

1. Consolazlo, C. F., co-author with many others.  Evaluacion 
Nutrlclonal de la Poblacion de Centro America y Panama - Costa 
Rica.  Institute of Nutrition for Central America and Panama, 
Guatemala and National Institutes of Health, Bethesda, MD. 
V-28, 1969. 

2. Evaluacion Nutrlclonal de la Poblacion de Centro America y 
Panama - Panama.  INCAP, Guatemala and NIH, Bethesda, MD. V-30, 
1969. 

3. Evaluacion Nutrlclonal de la Poblacion de Centro America y 
Panama - Guatemala.  INCAP, Guatemala and NIH, Bethesda, MD. 
Guatemala V-25, 1969. 
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STUDY NO. 2 Calculation of  Nutrient  Intake 
of American POWs   from Recall 
Interviews 

PROBLEM: 

This  unit was  involved in  the  task of  calculating estimates  of nutrient 
intakes of  repatriated American POWs  (Project Homecoming).     Information 
from recall dietary histories  collected by dieticians  at  the various 
military hospitals was   compiled and analyzed by   computer  techniques. 

RESULTS AND DISCUSSION OF THE  RESULTS: 

Dietary histories  of   241  Array,  Navy  and Marine  Corps   personnel were 
studied,  calculated  and  coded   for computer  analysis.     A  total  of  1190 
dietary periods were evaluated  and nutrient  intake estimated.     It  became 
apparent  that   the   time  of  capture was  a major  factor as   the  prisoners 
were  In captivity   for various   periods.     The   longest  period of captivity 
vas more  than  100  months  and   the least was only   three months.    A computer 
was utilized  to break down  each man's  diet by  one month periods with 
January 1965 as  month one.     The data in Table  1 show the number of 
individuals  used  in  calculating  the means  and percentages  of  the 
various nutrient  Intakes. 

In general,   the  dally diet  consisted of  tvo meals of  a staple,  either 
rice or bread,  or both,   a watery s^up of vegetables  and pork  f.it,  a^d 
an occasional side dish.     The side dishes were  a mixture of vegetabJ.es, 
meat or  fruit  and many  miscellaneous  and exotic  items.     After 1969,   a 
third meal was   introduced  and milk consumption  increased. 

Table  5 shows   the   average  daily  intake  of  several  nutrients  as  they 
changed over  time.     Most  of   the   increases   reflect  an   increase   in  the 
quantity of   food  although   the  quality of   food  also   improved during 
the later years.     As  can be  seen in Table  5,   the  percent of POWs with 
diet deficiencies  was quite  low from 1969   through  repatriation. 

CONCLUSIONS: 

There are many problems with  interpretation of  these  data because 
many  related  factors  are  unknown.    Such  factors  are diseases  or 
gastrointestinal  problems,   parasite load,   exercise  or wo-k  load and 
nutrient   losses   in  cooking.     These  factors plus   the   long   recall 
period prohibit  extensive   interpretation of   these  data.     In  addition 
the  data derived   represent   that obtained  from  the  survivors  of the 
caj-iVltv  and may  ur may  not   represent  chat which would be  pertinent 
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to all prisoners.     It  appears,  that after 1969  and except  for  the 
Individual's  pest  cr.ptive  read jus tnent period,   the  group as  a whole 
had no serious  nutritional  problems.     However,   there were  individuals 
within the  f»roup who did have nutritional deficiencies  and  associated 
problems. 

RECOMMENDATIONS : 

None. 

PUBLICATIONS; 

None. 

STUDY NO.     3 Survey  of   the  Rangers  During Trainint», 
Ft.   Benninj»,  OA. 

PROBLEM: 

The  primary  objective  of  this   study was   to determine whether or not 
U.S.   Rangers   in  training require  increased  rations.     Body weight, 
heip.hts,  selected  sklnfolds  and other anthropotnetric measurements, 
fasting bloods  and  urines were obtained  from all men completing the 
Ranker training.     Maximal performances on the  treadmill were measured 
on 25 men prior  to  training,   at  the end of  restriction and  training 
(15  men)   and  after  3-4 days  of  rehabilitation on  a normal  ration. 

RESULTS  AMI)  DISCUSSION  OF  RESULTS: 

The  study was   conducted  durinf   the  period  of  .Tuly-Septenber,   1973. 
Bodv weights,   sklnfolds   from 4  sites,  3 body  circumferences   and over- 
night  fasting urinary specimens were obtained durinp control  period, 
at   the end  of  19  days   (or Ft.   Benninp phase),   37   days   (or  Mountain 
Training phase) ,  43  days   (prior  to 12  days   (FTX)   on  reduced   rations), 
aiid  55,  56,57,   and   58 days   (end  of Florida   jungle   training until 
graduation).     Average weights  showed minimal  decreases   (0.4,   1.9,  and 
1.0 kg)   from the   initial weight on days  19,   37,   and  43,  respectively. 
All  of  the men  lost  3  or more kilograms  of weight  durinr,  the  12-day 
FTX.     By the  end  of   the  FTX,   43%  of  the men had   lost over  10^ of their 
Initial weight,   and  4%   lost over  14% body weight.     Preliminary observa- 
tion suppests   t'aat  body weight  losses  paralleled   losses   in sklnfold 
thickness,   suggesting  that   50   to 60% of  the weicht   loss was  due to  fat. 
The  post traininr» data are beinp  filed  into  the  computer  for  calcula- 
tion and statistical  evaluation. 

Urinary specific  gravities were significantly increased  after  the Ft. 
Benninj phase  and   immediately  after  the restriction  or   jungle  phase, 
sugpestinp dehydration or voluntary water restriction.     Most blood 
vnlues were essentially unchanged with   the  exception  of  significantly 
increasad  ascorbic   acid   levels   and reduced  serum  protein  levels but no 
changes  diagnostic  of  dehydration. 
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Maximal oxygen uptakes were reduced immediately  after ihe restric- 
tion or jungle phase,   and although  these values  returned  toward normal, 
they were still significantly  reduced after 3  to A  days,  as were heart 
rates,  pulmonary ventilation and oxycen uptakes  in ml/kg/mln,  reflecting 
reduced work times   (or lack of motivation). 

CONCLUSION: 

Large body weight  losses  and significant decrements  of work  performance 
(as measured by  treadmill  testing) were observed  in  the men during 
Ranger Training.     These  changes would justify  a 10   to  15% Increase in 
daily caloric allowances. 

RECOMMENDATION: 

Publish a laboratory  report substantiating the  recommendation  for 
increased  ration  allowances  duilng Ranger Training. 

PUBLICATIONS: 

None. 

STUDY NO.    4 Military Nutrition Surveys: 
Biochamical Support 

PROBLEM: 

To provide biochemical  support   to  the military nutrition surveys. 
Additional studies were  conducted  as vn aid in evaluating dietary 
adequacy of selected  trace minerals   (Mg-H-,  Cu++,  Zn-H-) .     Information 
will   also be  compiled with  respect   to eryturocyte  GOT  as  analyzed by 
an Improved spectrophotometric procedure. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Personnel and analytical  support were provided  the nutrition study 
conducted at  Ft.   Denning,  Georgia  (pre- and post Ranker Training study) 
and  the nutrition survey  conducted  at Fnt Air Force  Base,  Colorado 
during FT  74. 

Serum samples  from 452  subjects  at  Lnt AF15 have been  analyzed  for 
magnesium and zinc.     Reconstituted  chemistry control  serum was 
employed  throughout  analyses  as  a quality control.     The mean serum 
magnesium level was  20.1  micrograms/ml with a range  of  13.6   to 26.6. 
Zinc determinations  are  currently being compiled  for  computer evalua- 
tion, while  copper analyses must  await A.A.S.  equipment  reestablishment 
at  LAIR,  PSF. 

Erythrocyte  g1utaniic-oxalacetlc  transaminase   (EGOT)   measurements 
derived  from   i revised  spectrophotometric procedure were  performed 
on   257 subjects  prior  to,   and  127  subjects upon  completion of  Ranger 
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Training at Ft.  Benning,  Georgia,   and 451 subjects  at  Ent Air Force 
Base,  Colorado.     The EGOT procedure was performed with  and without 
the addition of pyridox il-PO,   (P-PO.)  to the assay medium,  so  that 
the stimulation coefficient   (S.C.  - +    "po/)  could be  calculated  as 
a probable index of vitamin B,   cofactor enzyme saturation.     The  results 
are summarized  in the  table below. 

SUMMARY OF EGOT MEASUR^MEIfTS 
Ft.   Benning,  GA Rangers 

Before After ENT  AFB,   CO 
Measurement Training Training. Personnel 

Stimulation Coefficient: 
1.992 1.746 1.674 

(1.491-2.367)*       (1.521-2.352) (1.368-2.188) 

EGOT Activity  (I.U./ral  Erythrocytes) : 
1.214 1.333 1.050 

(1.298-3.705)*       (0.857-2.169) (0.503-2.099) 

*Mean values with ranpe  indicated  in  parenthesis, 

The data are  currently being  correlated with   the  infomation obtained 
f-on other vitamin B    measurements  performed on blood  and urine  samples 
collected on the same  sublects,   to evaluate  the possible  relationships 
amonp,  the various  assays.     Summarized bolow are  the  findings on  the 
vitamin  BA content  of  plasma  and  red blood  cells  collected during  the 
military nutrition studies   conducted  at Ft.   Benning,   Georgia,   and  Ent 
AFB,   Colorado. 

VITAMIN B£   CONTENT 
D 

OF PLAS^IA AND RED BU)OD CELLS 

Ft.   Bennin R,   GA Rangers 

Vitamin  B, 
Content 
(n^/nl)* 

Before 
Trainin", 

After 
Training 

ENT   AFB,   CO 
Personnel 

Plasma 

RBC 

15.1 
(132)* 

13.3 
(132)* 

19.4 
(134) 

22.9 
(124) 

;  determined by S_ac 
:ate number of subJ 

18.5 
(459) 

24.5 
(462) 

*Total  vitamin  B 
Numbers   In parent 

content   as 
ihesls   indie 

;ch.  uvarum assav. 
jects  studied. 
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Due  to  the large number of samples processed, storage  time became an 
unavoidable and disconcerting variable in the vitarain B,   assays.    The 
need exists for a thc-ough examination of storage conditions, sample 
handling, and dietary interrelationship Influences upon  the various 
vitamin B,  assay determinations before any direct conclusions can be 
drawn from a given eit of results.    A detailed investigation involving 
a controlled human  vitamin B,  deficiency-repletion study  is essential 
for a proper evaluation of current vitrmin B,  assays.  Including EGOT. 

CONCLUSIONS; 

Analytical support and personnel were provided the military nutrition 
studies conducted at Ft.  Banning, Georgia, and Ent AFB,  Colorado. 
Biochemical data derived  from these surveys are tabulated by computer 
for storage and detailed evaluation. 

PUBLICATIONS: 

None. 
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ABSTRACT 

PROJECT NO. 3A762760A822 

TASK NO. 00 

WORK UNIT NO. 155 More Effective Topical Repellents 
Against Malaria Bearing Mosquitoes 

The following investigations have been conducted under this work unit: 

STUDY NO.  1    Field trials of candidate mosquito repellents. 

STUDY NO.  2    Normal distribution of repellent protection time against 
mosquitoes. 

STUDY NO.   3    Moen-Chase guinea pigs as model hosts  for mosquito 
repellent screening. 

STUDY NO.  4    Confirmation of validity of four-site  repellent 
screening method. 

Field trials of three candidate repellents showed that laboratory screening 
methods could predict the relative efficacy of repellents  in the field. 
Laboratory screening of N,N-diethyl-m-toluamlde  (DEET)  has Indicated that 
DEET dry protection time (DPT)  could be described by a reproducible normal 
distribution.    Moen-Chase guinea pigs, which are also normally distributed 
in terms of DPT, have been shown to be a valid model host with DPT's longer 
than human DPT's.    Guinea pigs were found to be difficult  to handle in 
repellent screening tests. 
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WORK UNIT 155 More Effective Topical Repellents 
Against Malaria Bearing Mosquitoes 

STUDY NO.  1 Field Trial of Candidate Mosquito 
Repellents 

PROBLEM; 

To determine if our laboratory results would predict a repellent:s relative 
protection time under actual field conditions,  a field study was undertaken 
to compare three repellents (cyclohexamethylene-carbamide, n-butane- 
hexamethyleneimine-sulfonamide and tryethylene glycol ether (SRI-6)  to the 
standard military repellent, DEET. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Preliminary testing was done to determine the feasibility of a field trial 
method which was found to be satisfactory.     Actual field testing at Camp 
Lejeune,  NC,  using a four-site technique produced the same relative com- 
parison to DEET as was determined in laboratory tests  (Table 1). 

CONCLUSIONS: 

Carbamide and sulfonamide gave significantly longer protection time than 
DEET in the laboratory and significantly less bites than DEET under field 
conditions,  while SRI-6 offered protection which was not significantly dif- 
ferent from DEET.     For the mosquito species and field conditions encountered, 
the laboratory  screening procedure appears to have predicted the field results. 

RECOMMENDATIONS; 

The four-site and repellent testing technique should be instituted as a 
screening method which makes more efficient use of manpower. 

PUBLICATIONS: 

:.     Shimmin RK,   Bayles  SF,   Spencer TS,  Akers WA,   Grothaus RH:     Four-site 
hethod for Mosquito Repellent Field Trials.     Presented at the National 
Meeting of the American Mosquito Control Association,  Anaheim, CA,  February, 
1974.     (To be published in the proceedings.) 
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Table 1 

Ranking of Repellents:    Lab and Field 

Carbamide 

Sulfonamlde 

SRI-6 

DEET 

Application 
rates 

Number of 
volunteers 

LAIR 

X Hrs Protection 

17.4 ± 5.1* 

14.3 ± 5.6* 

7.8 ± 4.9 

6.6 ± 1.7 

0.31 mg/cm 

8-28 

Camp LeJ eune 

Total Bit 
6.7 AUK ( 

es/Hr 
0700)1 

Total Bltes/Hr 
8 AUK2 

0* 3* 

2* 8* 

15 50 

21 66 

0.48 mg/cm2     0.31 mg/cm2 

12 12 

*Slgnlf]Lcantly different from DEET at 95% level. 
1. 12 hours between time of application and one-hour test period. 
2. 9 hours between time of application and one-hour test exposure. 
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STUDY NO.  2 Normal Distribution of Repellent 
Protection Time Against Mosquitoes 

PROBLEM; 

To determine how repellent efficacy is affected by individual variability, 
dry protection times against mosquitoes were determined  for a closed group 
of subjects.    Information on relative ranking of Individuals within the 
group was necessary for comparison with other physical attributes. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Two groups of 32 volunteers were tested in February and October of 1973 
using DEBT at 0.31 mg/cm2.    Test results in each case delineated a normal 
distribution of repellent dry protection times  (DPT),  the typical biological 
distribution expected from a normal population.    Mean DPT's were 6.8 ± 1.9 
hours for DEBT applied at 0.31 mg/cm2 in February and 7.1 ± 1.8 hours in 
October.    Furthermore,  relative ranks within the profile were the same 
for volunteers who participated in both tests,  and the  linear correlation 
was significant at the 5% level (r » 0.559, N - 1A). 

In a year of testing using the four-site method,  the one-year mean average 
DPT afforded by DEBT applied at 0.31 mg/cm2 has been 6.7 hours, which is 
consistent with the profile tests. 

CONCLUSIONS; 

As a result of the consistency between the annual DPT average and both 
profile tests, DEBT should be an adequate control test standard in the 
search for a repellent better than DEBT. 

RECOMMENDATIONS; 

Test subjects should be randomly selected from a volunteer population 
which exhibits a normal distribution.    Test results can then be evaluated 
more precisely since individual DPT's in a given test can be compared to 
the position in a known population profile. 

PUBLICATIONS; 

Spencer TS,  Bayles  SF,  Shimmin RK, Gabel ML,  Akeis WA:     Interactions 
between mosquito repellents and human skin.    Proceedings of the Ninth 
Army Science Conference,   West Point,  NY,   1974. 
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STUDY NO.   3 Moen-Chase Guinea Pigs as Model Hosts 
for Mosquito Repellent Screening 

PROBLEM; 

To develop an animal host for mosquito repellent screening, the relation- 
ship between repellent efficacy on guinea pigs and man had to be determined. 

RESULTS AND DISCUSSION OF THE RESULTS; 

A testing procedure has been developed which permitted a direct comparison 
of repellent dry protection times  (DPT)  for guinea pigs and men.    Using 
this method,  we established a direct relationship between DPT's on guinea 
pigs and humans for the standard Army repellent, DEET. 

The repellent used  in each of  the 5 replicates was DEET (N,N-diethyl-m- 
toluamide)  applied at 0.08 mg/cm^ dose rate.    This concentration provided 
enough sensitivity in the test  to allow differences  to be easily observed. 
Test subjects, both human and animal, were randomly selected  from normal 
populations.    Repellent sites were tested each hour until two bites were 
received. 

Dry protection time (DPT) afforded by DEET to guinea pigs was compared to 
men in 8 replications over one year. Each replication was on a different 
day and against a different population of mosquitoes  (Table 2). 

Standard deviations of mean DPT for 8 populations of guinea pigs appeared 
to be about  twice as great as  those for corresponding populations of humans. 
By pairing results from one replication on men which were tested against 
the same population of mosquitoes,  an F ratio was determined   (Table 2> . 
F ratios for any of the 8 comparisons were significant at  the 5% level 
indicating that populations of guinea pigs had the same degree of variation 
as human populations.     Thus,   the techniques used on the guinea pigs and 
men are similar statistically and may be compared directly  to one another. 
A least squares plot of  the differences between the mean DPT's for guinea 
pigs and thf  mean DPT's  for humans versus the mean DPT's for the guinea 
pigs had an r-correlation of 0.9A which is significant at the 0.1% level. 

CONCLUSIONS; 

A standardized testing technique has been developed which permits comparing 
the DPT of a repellent on a guinea pig to the same  repellent used on men. 
It is possible to estimate the mean DPT for DEET at 0.08 mg/cm2 for a 
randomly selected sample of Moen-Chase guinea pigs. 
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Table 2 

Guinea Pig and Human 

Dry Protection Times in Hours 

Replicate Guinea Pig Human Differences 

5.1 ± 6.3 2.8 t 3.4 2.4 

2.5 ± 3.0 1.3 ± 1.6 1.2 

4.5 ± 4.5 1.5 ± 1.8 3.0 

4.1 ± 5.0 1.7 ± 2.1 2.4 

2.9 ± 2.6 1.9 ± 2.3 1.0 

6 5.2 + 1.0 1.9 ± 0.6 3.3 

7 5.7 ± 2.3 2.2 ± 1.2 3.5 

8 6.0 ± 1.4 2.2 ± 0.8 3.8 
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RECOMMENDATIONS; 

Correlations between human dry protection times against mosquitoes and 
protection afforded other potential animal models should be carried out 
to extend the range of available model hosts. 

PUBLICATIONS; 

Bayles SF, Shinmln RK, Spencer TS, Akers WA: Moen-Chase guinea pigs as 
model hosts for mosquito repellent screening. Report No. 20, Task Force 
on Insect Transmitted Disease of the National Program for Dermatology, 
Department of Dermatology Research, Letterman Army Institute of Research, 
Presidio of San Francisco, CA 94129, 1974. 

STUDY NO. 4 Confirmation of Validity of Four-Site 
Repellent Screening Technique 

PROBLEM; 

The significance of possible sources of variation in the four-site 
screening test method needed to be evaluated. 

RESULTS AND DISCUSSION OF TOE RESULTS; 

A series of tests were carried out to identify sources of variation in 
the four-site repellent screening test method.    (1)    Cyclical rhythm of 
testing was investigated over a 60-hour interval.     (2)    The size of the 
test site on an individual's forearm was studied as a function of the area 
exposed to mosquitoes.     (3)    The effect of differing photoperlods on the 
test mosquitoes was studied. 

Results show no cyclical effect was observed over a 60-hour period on 
the dry protection time afforded by DEBT.    Moreover,  variation of the 
test site area exposed to mosquitoes did not affect repellent protection 
times determined in the four-site test technique. 

Finally,  changing the photoperiod of test mosquitoes from 24 hours of 
light to 8 hours of light and 16 of dark had little effect on test results. 
The 8/16-light/dark period, however,  terminated the experiment at eight 
hours and prevented differentiation among repellents. 

CONCLUSIONS; 

The four-site test method for screening repellents has been shown to be 
effective and economical  in terms of the number of man-hours necessary to 
carry out a screening test.     Individual variability in repellent 
screening has been eliminated as a major factor. 
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RECOMMENDATIONS; 

The four-site screening method for mosquito repellent formulations should 
be used as a standard method in the search for a better mosquito repellent. 

PUBLICATIONS: 

Brodel CF,  Spencer TS, Akers WA:     Evaluation of three mosquito repellent 
screening methods.    Report No.  18, Department of Dermatology Research, 
Letterman Army Institute of Research, Presidio of San Francisco, CA,  1974. 

Spencer TS,  Shimmln RK,  Bayles SF,  Akers WA:    Con-äideration of repellent 
screening standards.    Report No.   20, Task Force en Insect Transmitted 
Disease of the National Program for Dermatology,  Department of Dermatology 
Research, Letterman Army Institute of Research, Presidio of 3an Francisco, 
CA,   1974. 
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23. (U)    To study the epidermis,   its chemical nature and physical properties when 
subjected to frictional injury in order to find ways to raise the threshold of 
susceptibility to skin frictional injury and reduce the disability and sequelae 
produced  from blisters incurred by  soldiers on long marches. 

24. (U)    Experimental friction blisters by linear and twist rubbing will be used as 
a model of studying the prevention and treatment of friction blisters. 

23.   (U)     73 07 - 74 06    Consultant and contractor attempts to construct a strain gauge 
to permit calibration of the friction blister rubbing machine have failed to date.    We 
aided U.S. Air Force dermatologists in the conduct of a retrospective and prospective 
study on the incidence and morbidity from blisters during Air Force recruit training. 
Preliminary data from the retrospective study revealed of each 100 recruits, 9 had to 
be recycled in their training and one hospitalized from inability  to perform training 
or because of infection of friction blisters on the feet.    Laboratory studies will 
cormnence i.hen the strain-gauge problem to measure 2000-3500 gm-cm  torque  is solved. 
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ABSTRACT 

PROJECT NO. 3A762760A822 

TASK NO. 00 

WORK UNIT NO.     157 Studies on Blistering Produced by 
Mechanical, Thermal and Chemical 
Agents 

In seeking ways to prevent friction blisters on the soldier's hands and 
feet and finding better treatment methods when they occur, we conducted 
studies on friction blisters in volunteers using twist and linear rubbing 
machines.    With the basic  studies completed,  we are ready  to search for 
friction reducing materials for boots,  socks,  and man's skin,  but we 
need accurate measurements of the forces involved.     Progress has been 
halted because our consultants have not been successful  in incorporating 
a 4 mm strain gauge in the rubbing head of our machine that was capable 
of measuring up to 3500 g/cm of torque. 
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WORK UNIT NO.     157 Studies on Blistering Produced by 
Mechanical, Thermal and Chemical 
Agents 

PROBLEM; 

Friction blisters, often considered crivial, produce significant man-days 
lost from pain and secondary infectxon especially among recruits in 
training, and even in experienced soldiers who must march several miles 
during hot weather. We have developed machines to produce friction 
blisters on the heels and palms of volunteers and have published results 
on ascertaining frictional blistering thresholds, effect of moisture, 
blister fluid chemistry, histopathology, healing, treatment, and some 

physiological studies of blisters in man. 

Our next effort concerns a search for footwear materials to reduce fric- 
tion against the skin of men's feet.  This requires accurate mensuration 
of the shear and torque forces involved. Our Mark VII friction blister 
machine can not be calibrated dynamically to provide data accurate enough 
for statistical analysis. Moving only 0.5 cm on a man's heel presents 
a different skin with its own unique f-ictional characteristics. VL have 
demonstrated differences between similar sites on the right and left 
heels.  Over the past 2 years, our consultants and their contractors 
have failed to produce a strain gauge to permit calibration of the head 
of our friction blister machine where it rubs against the sUin.  Several 
other calibration devices including a torque arm ard a pony Drake failed 
to give a reproducible calibration.  The rubbing machine has a constant 
speed rotary motor with a crank to produce a to-and-fro motion to 
simulate the forces against the skin on walking. 

RESULTS AND DISCUSSION OF THE RESULTS: 

We aided U.S. Air Force dermatologists in the conduct of a retrospective 
and prospective study on the incidence and morbidity from blisters 
during Air Force recruit training.  Preliminary data from the retro- 
spective study revealed of each 100 recruits, 9 had to be recycled in 
their training and one hospitalized from inability to perform training 
or because of infection of friction blisters on the feet. 

RECOMMENDATIONS; 

Our consultant believes he can fabricate the necessary small strain gauge 
4 mm in length to measure up to 3500 g/cm of torque. 
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Studies on Blistering Produced by Mechanical, Thermal and Chemical 
Agents (Cont) 

PUBLICATIONS; 

Brown RN, Blase GL, Akers WA, Griffin TB:  Studies on experimental 
friction blister, II. A device to produce and measure friction blistering. 
Report No. 22, Letterman Army Institute of Research, Presidio of San 
Francisco, 21 June 197A. 
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23. (U)    To develop a method of therapy for friction blisters of the feet which can be 
used by the soldier in the fl^.ld to reduce Ineffectiveness,  pain,  infection, and  to 
promote heal in;». 

24. (U)    Clinical  evaluation of the cutaneous reactivity and sensory response  to the 
topical application of cyanoacrylate homoloRues on experimental friction blister bases. 

25. W     73 07 - 74 06    A collaborative clinical  trial with U.S. Air Force dermatolo- 
gists at  Lackland Air Force Base was developed to compare treatment of raw friction 
blister bases on the  feet with isoamyl cynaoacrylate to standard therapy.     To estimate 
the population sample size needed, a survey of  the  Incidence of foot blisters and the 
complications  in recruits was necessary  (work unit  157).    Hopefully,  the large clinical 
trial to test cyanoacrylate efficacy will be done  in  the coming year. 
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ABSTRACT 

PROJECT NO. 3A762760A822 

1ASK NO. 00 

WORK UNIT NO.     160 Clinical Evaluation of alpha Cyano- 
acrylates and Treatment of Friction 
Blisters 

A bandage to be used by the soldier in the  field for raw blister bases, 
abrasions,  and scratches to lessen pain and the chances of infection is 
being sought.     Isoamyl cyanoacrylate,  a liquid plastic material,  has 
performed well  in the laboratory and 2 small field studies.    A defini- 
tive clinical trial is planned. 
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WORK UNIT NO.  160 Clinical Evaluation of alpha Cyano- 
acrylates and Treatment of Friction 
Blisters 

PROBLEM; 

We are seeking a field treatment for blisters and minor skin Injuries 
on the feet of soldiers.    The present antibiotic ointment-bandage treat- 
ment method is not carried to the field by soldiers and must be applied 
several times a day.    The liquid tissue adhesive,  isoamyl cyanoacrylate, 
upon one application to the raw blister base leaves a thin plastic film 
that reduces pain, permits walking, adheres for 4 to 6 days, and apparently 
reduces the chance of infection in laboratory and 2 small field trials. 

|| We are planning a collaborative study with the U.S. Air Force at the 
Lackland Air Force Base recruit training center to compare the present 

|| treatment of blister to Isoamyl cyanoacrylate. 

1: 

t 

I 

RESULTS AND DISCUSSION OF TOE RESULTS; 

To determine the population sample size necessary to compare the two 
treatments a survey of foot blisters and their complications waj accom- 
plished by 2 Air Force dermatologists from Wilfcrd Hall Air Force 
Hospital under our guidance and advice.    The results will be reported 
by them. 

RECOMMENDATIONS: 

When a date for the treatment study is determined the formal request to 
conduct the study will be made to the Army Investigatlonal Drug Review 
Board,  and appropriate Army and Air Force offices. 

PUBLICATIONS; 

None. 
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23. (U) To find the casual mechanism, means of prevention, treatment, and the inter- 
relationship of prickly heat rash (mlliaria) to disturbances in sweating (hypohldrosis) 
due to heat retention and heat fatigue in soldiers. 

24. (U) Volunteers prone or resistant to experimental prickly heat and subsequent 
decrements in sweating are characterized regarding skin bacteria, skin surface fats, 
skin pH, and hydration dynamics of the horny cell layer. 

25. (U)  73 07 - 74 06 No progress has been made due 'o shortages of assigned 
dermatologists to conduct the studies. 
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ABSTRACT 

PROJECT NO. 3A762760A822 

TASK NO. 00 

WORK UNIT NO.     162 Studies on the Effects of Heat and 
Humidity upon the Human Skin with 
Particular Emphasis on Prickly Heat 
and Consequent Disabling Dermatoses 

No Investigator has been available to assign to this project.    Prickly 
heat rash (mlllaria) produces sever«?, prurltls hypohldrosls lasting 3 
weeks and which Interferes markedly with body cooling especially in 
tropical climates.    Mlllaria is produced by placing an occlusive, 
pliable plastic film intimately against the skin for 48 hours.    No effec- 
tive therapy has been found to restore sweating rapidly, and prophylactic 
Sa-änts rhsr work would be impractical or unacceptable to troops. 

■■'■: 
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WORK UNIT NO.  162 Studies on the E-fect of Heat and 
Humidity upon the Human Skin with 
Particular Emphasis on Prickly Heat 
and Consequent Disabling Dermatoses 

PROBLEM; 

Besides robbing a soldier of sleep from Incessant Itching, prickly heat 
rash (mlllaria)  produces a profound hypohldrosis that persists for 2 to 
3 weeks after the rash has disappeared.    Experimentally Induced mlllaria 
involving as little as 20Z of the body surface causes severe heat retention 
problems In soldiers performing in a tropical environment.    We have found 
no effective treatment to restore normal sweating In less than 7 days. 
The only preventive measures are dehumldlficatlon and topical anhydrous 
lanolin,  2 of its constituents,  chloramphenlcol,  and neomycln.    Main- 
taining the acid pH of  the skin by various substances lessens the 
severity and the consequent hypohldrosis of the  individual mlllaria. 

RESULTS AND DISCUSSION OF THE RESULTS; 

We have reached an Impasse in finding prophylactic and therapeutic agents. 
Hopefully, work on the physical chemistry of stratum corneum (Work Unit 
No.  164) will provide new leads.    We have not had an Investigator to 
assign to the mlllaria project. 

RECOMMENDATIONS; 

We expect to have an investigator assigned  in August  1975  to work on the 
project. 

PUBLICATIONS; 

None. 
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23. (U)  To determine and compare the composition of skin lipids in soldiers under 
normal and adverse conditions, such as before, durinp and after fungal infection, 
before and after prolonged water exposure, etc. To test or develop more effective 
therapeutic agents for the treatment or prevention of skin diseases. 

24. (U)  The project will be developed in two areas:  1)  develop improved techniques 
to determine the composition and structure of minute quantities of skin lipids; 2) 
apply the evolved techniques to study bacterial and mycotic diseases in military 
populations. 

25. (U)  73 07 - 74 06 The basic high performance liquid chroraatography system is 
operational and has been improved by installation of a new sequential control system. 
Improvements were proceeding in several directions with the goal of better resolution, 
faster analysis and separations now considered 'impossible.'  quantitative infrared 
spectroscopy has been improved and computer aided data manipulation added to reduce 
time consuming calculations. 
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ABSTRACT 

PROJECT NO. 3A762760A822 

TASK NO. 00 

WORK UNIT NO. 163 Role Role of Skin Llpids  in Prevention and 
Control of Infectious Disease In 
Military Personnel. 

The following investigations have been conducted under this work unit: 

STUDY MO.  1    Computer Calculations of Llpld Concentrations Fron 
Integrated Band Intensities in the Infrared. 

STUDY NO.  2    High Performance Liquid Chromatography of Llpids. 

STUDY NO.   3    Precision Flow Rate Measurement  in Liquid Chromatography. 

STUDY NO.  A    Improvement and Automation of Solvent Changing In High 
Performance Liquid Chromatography. 

Gains in productivity through semi-automation or automation of laboratory 
procedures is important by itself but especially so in this laboratory 
because of tha high turnover rate of personnel.    Improvements in the 
analysis of complex skin llpids are proceeding in several directions but all 
with the goal of better separations and smaller sample sizes.    This is 
essential for the study of the role of skin llpids in prevention and control 
of Infectious disease in military personnel.    Analysis of skin llpids 
collected during previous fungal studies has begun. 
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BODY OF REPORT 

WORK UNIT 163 

STUDY NO.  1 

Role of Skin Llplds In Prevention 
and Control of Infectious Disease 
in Military Personnel. 

Novel Data Acquisition and Computer 
Calculations of Llpld Concentrations 
from Integrated Band Intensities In 
the Infrared. 

PROBLEM: 

QuantItatlon of llplds by Infrared analysis,  especially quantltatlon 
of Impure llplds, can be performed more accurately with more selectivity 
and with smaller quantities than Is now possible with mlcrogravlmetrlc 
techniques.    Calculations are very time consuming If  the primary data 
obtained from the spectrometer have to be used. 

Band Intensities,  so far,  have been obtained by well known methods such 
as those of Wilson and Wells or Ramsay.    A modified Ramsay method  Is 
useful but depends on certain assumptions.    For Instance,   the absorption 
curve Is assumed to follow a Lorentz curve.    Because of manpower limitations, 
much of the tedium and much work can be saved  If modern data  acquisition 
methods and computer calculations are used.    This Is especially true 
if infrared spectra of crude llplds are analyzed because corrsctlons 
due to  interfering compounds can then easily be made. 

RESULTS AND DISCUSSION OF THE RESULTS: 

The following new equipment and procedures were developed: 

a. A scale expansion  for modifyinr'  the secondary analof output 
from the existinp  infrared  spectrometer was  Installed.   This addition 
enables us to modify the  sensitivity of the  intensity of   the difference 
spectrum at will over n wide range. 

b. The analog  signal was  then modified by an inte^ratinf analo.", 
to digital conversion  technique and  the digital  output  from the intercoupler 
transmitted to an ASR 33 teletypewriter. The intercoupler allows recording 
of  three-diflt  line numbers  for series identification.    The time Interval 
between successive multiple readinps can be chosen and optimized  to the 
scanninp speed of the spectrometer.    Additional external signal controls 
including the formatin«'  for number  of observation'' per  line number were 
installed.    Digital data were recorded on paper  tape durinp the  scanning» 
of an inlrared  spectrum.     With proper calibration  tapes  for known llplds, 
spectra of unknown  llplds were recorded and processed  off-line with our 
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Hewlett-Packa-d 9820 system.  The data collection systen is fully operational. 
The data acquisition system was built around cotranercially available components 
and the design is such that it can b» iseful for data acquisition of 
almost any analog signal such as that from a pH meter. 

c. Transmittance values of each individual data point recorded 
were ronnulated and corrected since deviation from Lambert-Beers law were 
observed. Corrections were made usin? convential polynomial curve fittinp, 
techniques. Subroutines for corrections of transmittance values due to 
Interference from non-11yld components were written and the necessary 
subroutines Incorporated into the overall computer program. 

d. Several troublesome but minor problems in sample handling were 
overcome and new and more resistant cells to chemical attack are now 

routinely used. 

CONCLUSIONS; 

Our current Infrared techniques for quantitation of lipid samples have 
been greatly simplified, made more efficient and analysis can be done 
with less highly trained personnel.  The results are calculated automatically 

in off-line mode using our minicomputer. 

RECOMMENDATIONS: 

Spectra of a number of skin lipid samples, collected during previous fungal 
studies, were recorded on paper tape. A number of these paper tapes await 
computer evaluation. Many samples previously collected await analysis. 
Use of the system for lipid studies of the Dermatology program should 

continue and a number of publications written. 

TOBLICATIONS: 

Schmid P. Hunter E, Calvert J.  Extraction and purification of 
lipids: II. Why is chloroform-methanol such a good lipid solvent. Physloi 

Chem Phys 5:141, 1973. 

Schmid P, Hunter F., 'Jalvert J.  Extraction and purification of 
lipids- III.  Serious limitations of chloroform and chloroform-methanol 
In lipid investigations.  Physiol Chem & Physics 5:151, 1973. 

Schmid P, Calvert J, Stelner R.  Extraction and purification of 
lipids: IV. Alternative binary solvent systems to replace chloroform- 
methanol in studies on biological membranes.  Physiol Chem & Physics 3. 

157, 1973. 

STUDY NO. 2 i''1Ph Performance Liquid Chromatography 
of Lipids. 
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PROBLEM: 

Spectacular advances in fundamental understanding of the Chromatographie 
processes have been made during  the past  five ye. rs in many laboratories 
including our own.    Improvements are proceeding in several directions but 
all with the goals of better resolution,  faster analysis,  smaller sample 
sizes and  separation of mixtures  now considered 'imposElbl»»."    In this  study. 
Improved separations of very small amounts of exceedlnply complex skin 
lipids are investigated. 

RESULTS AND DISCUSSION OF THE RESULTS: 

We have recognized the importance and usefulness of microparticle liquid 
chromatography columns and have prepared adsorbents and ion-exchange 
resins for a number of years.     It becomes  Increasingly clear  tlvu not only 
the adsorbents and ion-exchange resins but the packlm» of the column influences 
reproducibility of retention time and resolution of the separations.    Within 
the last 18 months,   several resins and adsorbents as well as packed columns 
have become commerically available.    No reports on use  in lipid analysis 
were available.    Several of these packinrs were tested and found not  to be 
superior to our currently used agents and columns. 

In order to reduce analysis and quantitate the goodness of resolution, 
several improvements in our computer programs were made. 

CONCLUSIONS: 

A limited number of experiments did not  conclusively prove that expensive 
commercial column packings  for hi^h performance liquid chromato<;raphy 
were superior to our presently used packings. 

RECOMMENDATIONS: 

Improvement of hif;h speed,  hl^h performance chromatography is very important, 
not only for  the studies of  the dermatology program, but  for medical research. 
This work should continue and cK-omatocraphy of lipids already collected in 
a number of  fungal studies  lr^elated. 

Pim I CATIONS: 

None. 

STUDY NO.  3 Precision Flow Rate Measurement  in 
Liquid Chromatography. 

PROBLEM: 

Knowledge of the flow rate of a liquid during high performance liquid 
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chromatography Is very Important. Changes in flow rate very ^^^.j"6^ 
retention time and resolution in the chromatography of complex biological 
samples. In the past, flow rates were measured by simple, unsophisticated 
t^hniques on en intermittent basis. Nevertheless, this required full tine 
^e of a technician and valuable material was lost during the procedure. 

MSUyS AND DISCUSSION OF THE RESULTS: 

A new, low-cost detector was purchased.  It Is easy to use has digital 
read-out and can be used on-line durin« chromatography. Although its 
"^y aS reliability was well proven in other laboratories, the instrument 

did not work well in our laboratory, but worked well at the «"""»^urer s 

plant. In consultation with our electronics consultant, it was finally 
established that high frequency noise due to line transients, electric 
ground, and people tending the equipment were the probable source. 

Since similar difficulties had been experienced with other laboratory 
equipment, the problem needed to be investigated. At the sungestlon of our 
electronic consultant, various voltaSe reRulators, frequency filters and 
constant voltage transformers were tried to eliminate the probletr. Ihese 
devices proved satisfactory at times but not consistently. We have purchased 
a novel type of ultra-isolator which has been oroven successful in computer 
installations plagued by similar problems. Installation is p.-ndinr,. 

CONCLUSIONS: 

A well proven, reliable Instrument did not work in our institute because of 
transients injected over the AC-lines. personnel, etc. We are confident tnat 

the problem can be corrected shortly. 

RECOWEroATIOKS: 

N.A. 

PUBLICATIONS; 

None. 

QTtmv un U Innrovement and Automation of Solvent 
blU Changinf in Hif.h Performance Liquid 

Chromatoßraphy. 

PROBLEM: 

Competent operation of our high speed liquid chromatography system requlreu 
two technicians in the past. One technician was needed to control manually 
sequential  solvent chances and  other  functions.     A competent  electronic 
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control system should be able to perform these functions autor.atlcslly, 
more reproduclbly, and more reliably and eliminate the need of  one technician. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Our continuous market analysis of new trends in instrumentation and techniques 
for biomedical research suggested  that  the sequential timer made by HLF 
Industries,  Sunnyvale,  CA, was,  on a cost-effectiveness basis,   the most 
desirable system.    The control system consists of a master tlr.er and a series 
of  timer modules which can be extended as needed.    Each timer module can 
control four independent functions. 

The exceptional flexibility su;»E«»3ted that the systeir will not become 
obsolete if requirements change.     hLS;   tne electronics consultant 
at LAIR, and the principle investigator,  together designed interfaclnf 
of the new system with the current manual system.    After tine consuming 
minor changes,  the system became operational in late fall of 1973. 

CONCLUSIONS: 

A novel, automated sequential timing system has been successfully interfaced 
with the older timer system.    Because of time limitations and other 
priorities, work was temporarily suspended. 

RECOMMENDATIONS; 

N.A. 

PUBLICATIONS: 

None. 
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23. (U)     To define the physical-chemical characteristics of  the stratum corneum and  its 
Interaction with water, chemicals,  UV radiation and environment.    These characteristics 
are fundamental to the etiology of several dermatologlcal disorders caused by exposure 
of the soldier's skin to the environment and the behavior of  topical preparations. 

24. (U)     Stratum corneum will be harvested using different  techniques.     Techniques 
will be developed  to assay thr; denaturing effects of harvest method, water, ultra 
violet radiation and chemical exposure  in addition to environmental conditions on 
stratum corneum.     Stratum corneum from individuals prone vs.   individuals  resistant  to 
disabling dermatoses will be evaluated before and after  experimental induction of such 
disabling conditions.    The efficacy of protective formulations in preventing hydration 
and denaturation or stratum corneum will be studied. 

25. (U)     73 07 -  74 06    Effects of heat  separation,  aqueous  trypsin solutions,  and 
cantharidin on hydration of stratum corneum were de.ermined.    Results indicate that 
low concentrations of trypsin should be used in harvesting stratum corneum.    The 
water content of stratum corneum at low relative humidities was shown to be fnnperatu« 
dependent,  a contributing causative factor  in chapping.     Transepidermal water loss was 
shown  to have an Inverse correlation with mosquito repellent protection time, which 
indicates that penetration is a major factor in repellent loss from skin. 

»^»«««hi« ia 'o«'.;'?!j'y.*-gg£-2£i£l!2£l.ilE£i!lI—^^^^^^»^^^^—^^N—^■^1—^^N—^M 
nr\   PO*M     4 400 PHEVIOUt  EDITIONS OF   THIS  FORM  ARK  OMOHTI.    OD  FORMf  l4»iA. 
DD,""   Ml49ö AND  I4..-1.   1   MAR «1  (FOR   ARMY   U.B1  AR«  OBSOLET« 
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ABSTRACT 

PROJECT no. 

TASK HO. 

WORK IKJIT NO. 

3A76276üAo22 

00 

164 Physical Chemical Characteristics of 
Hunan Stratum Corneum 

The followlnf» investigations have been conducted under this work unit: 

STUDY NO.  1    Temperature dependence of water content of hurran  stratur 
corneun in vitro. 

STUDY HO.  2    Transepidermal water loss and repellent protection time. 

STUDY NO.  3    Spectroscopic study of  stratum corneum. 

Water content of human stratum corneum has been measured p.ravlmetrically 
in vitro in relation to relative humidity  (R.H.)  and temperature.    Stratum 
corneum water content decreased 507. when temperature was lowered from 35 
C to 20° C at R.H.  below 60%.    Temperature dependence decrcap-d with 
increasing R.H.  until  there was no detectable  temperature dependence at 
90/o R.H.     It was proposed  that  temperature changes could significantly 
affect water content  and.  hence,   pliability of  skin at R.H.  belov; 60/,. 

When  transenldermal water loss from the   forearm was measured usin;;  stale 
air hyfTrometry,  an  inverse correlation was  found betvToen repellent  protection 
time and  transcpidermal water loss.     The corrf.Ontion was  internreted as an 
Increase  in permeability of  the skin  to  tiic repellent or an increase  in 
repellent evaporation with increasing»,  transepidernal wnter  lose. 

Total ultraviolet  emission spectra of hydrated  ami dry stratum corneum  IKIVO 
been studied.    The  spectra hwe been  shown  to  result  frrv   tryptophan 
residues  in  stratum  corneum.     Pliosnhornsconce  lifetime  studios of   tryptonluin 
In various  solvents  at 77    V. have been measured. 
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BODY OF REPORT 

WORK UNIT UO. 164 Physical Chemical Characteristics 
of Human Stratum Comeum. 

STUDY NO.   1 Temperature Dependence of Water Content 
of Human Stratum Comeum In Vitro. 

PROBLEM: 

Previous work has  indicated the importance of  the water content of  the  skin 
in protecting the body from environmental assaults such as water,  ultraviolet 
exposure,  and chenical irritants.    We have studied the relationship between 
water content of stratum comeum and changes in temperature and observed a 
previously undescribed dependence    " water content on temperature. 

A Cahn RG Electrobalance was used  to monitor weight gain within a chamber 
kept at constant relative humidity and controlled temperature.    Weight gain 
of the samples was measured in percent weight gain or mg water per 100 ng 
of dry stratum comeum.    The experiment was so designed that four samples 
from the same source were monitored at each relative humidity at specified 
temperatures over the range 5-35° C.    Eydration was monitored for ascending 
and descending temperature changes to eliminate one-way temperature and sensor 
hysteresis  as variables. 

MSiMi MP DISCUSSION OF THE RESULTS: 

The mean water content of stratum corneum increases in an exponential type 
curve as relative humidity (R.H.)  increases  (Figure 1).    For lower R.H., 
weight gain may also increase as absolute humidity increases*  however,  at 
higher relative humidities there is practically no increase in weight gain 
although absolute humidity increases exponentially.    Since absolute humidity 
is a function of temperature,  it is more appropriate to investigate the effect 
of temperature on weight increases.     Below 907. relative humidity,   increases 
in water content were observed with increases in temperature.    As R.H. 
approaches  90%,  the observed  tendency becomes less prevalent. 

At relative humidities below 60%,  stratum corneum rapidly loses its ability 
to retain water with decreases in temperature.     Heats of reaction show that 
greater energy is necessary for hydrating stratum corneum below 60% R.H.  than 
at higher  R.H.   (Figure 2).    This indicates  that breaking of stronger bonds by 
water molecules  is  involved in hydraticn at low R.H.    At high R.H.,   i.e.,  above 
90%, relatively little energy is required for hydratlon which would indicate 
weaker bonds are involved in hydratlon.     The first type of bond corresprids 
to 10% water molecules hydrating strong bonds between protein molecules of 
dry stratum corneum to give skin its pliability.    The level of hydratlon 
observed experimentally at 60% relative humidity and normal  skin  temperature 
is approximately  10%.    As R.H.   is increasedi  hydratlon above  10% involves 
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water molerules which arc bound less tlrhtly.    This additional hydration at 
R.H. above 60%,  however, is not necessary for normal pliability of skin. 

In considering chapplnf» and dry skin conditions, we are concerned with  the 
ability of skin to retain water necessary for pliability and extensibility. 
At 60* R.H.  and below,   temperature decreases have a significant effect on 
this 10% water content.    At 60% R.H. and 30° C water content of stratum 
corneum is only slightly above 10/   (Figure 1).    For the same R.T. a decrease 
in skin temperature to 20° C reduces water content  to about one-half this 
value.    Thus,  lower water content night be significant in the Increase of 
chapping and dry skin conditions during colder months.    Lower temperatures 
and relative humidity during those months decrease the ability of the 
stratum corneum to retain water and cause significant loss in water content, 
thereby reducing pliability and extensibility of the skin. 

CONCLUSIONS: 

The significance of  tenperature chnnpc on dry skin  and  chnnpinr. has been 
neglected  previously,  even though  It may bp  an important consideration  in 
understanding  these skin condltlonr.. 

5.E-CPI^MVA7J™1S: 

Further work on hydration diameterJsties  should he  cnrrieil out  to define 
how the membrane breaks down under cnvlronr.ental stress in disabling 
dermatologlcal conditions. 

PUBLICATIONS: 

Spencer TS, Linamen CE, Akers WA, Jones HE:     Temperature dependence of water 
content of stratum corneum.    Clinical Research XXII   (2),  löOA,  197A. 

STUDY NO.   2 Transepldemal '.rater loss and tnosquito 
repellent dry protection tlrae. 

PROBLEM: 

Hydrated skin is known  to be more permeable  to many compounds.     Thus,   indivi- 
duals with higher transepidermal water loss   (V.JL)  could conceivably have 
greater stratum corneum permeability,   thereby affecting repellent dry protec- 
tion time against mosquitoes.    TWL was measured by stale air hy?rometry, 
monitoring humidity in a plexiglass box of known volume placed on a subject's 
skin for approximately 10 minutes.    The box contained a wide ranpe humidity 
senslnß element and thermistor both connected  to a strip chart recorder. 
Knowing the area of skin under the hydrometer, the  initial and final 
temperature and relative humidity, TWL was calculated.    This flux rate is 
expressed as mg cm      hr"   .    Skin  temperature was monitored sirultaneously by 
attaching a  thermistor  to the adjacent  skin with mlcropore  tape.     Following 
this,  TWL was measured using an Aminco water analyzer. 
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RESULTS AIID ülSCUSSipi] OF THL RESULTS: 

TWL's of 16 lndivlt?ualB 8howp<? an InvRrsn  correlaticn vith  rcnollcnt 
protection times  deternlncil   for tl»osc same  indlvlfluals  tosted on  the sar^ 
day 07. level of  sirniflcnnce,  r - 0.5.'!.*;). 

Since individuals were under arblert conditions of  25-26    C during most of 
the DPT test,  sweatln« was not considered to be a major fnrtcr in TWL 
measurement.    Two possible explanations were proposed  to explrin the  inverse 
correlation between TOL and PPT.    First,  increased T7L micht have increased 
evaporation of repellent because of a steam distillation effect.    Alternately, 
increased TWL ml^ht have indicated a hifher water content of stratum comeum 
and higher permeability to repellent.    Increased  repellent  loss by hipher 
evaporation or penetration would have shortened repellent  protection. 

CONCLUSIONS; 

fe Previous attempts to correlate individual nosouito attractancy to dry protec- 
tion time afforded by a repellent have been unsuccessful.     This TWL study 
showed one of the  several  factors which affect  the protection afforded by a 
repellent,  aiding in the search for a nore effective repellent.    In addition, 

| variability of permeability of stratum comeum atnonp individuals could in 
| part be attributed to the TWL of water content of  that  individual's skin. 

I 
I RECOmENPATIONS: 

I |       Repellent formulations which are non-occlusive should be developed since 
I       occluslve formulations would tend to increase repellent losf, due to penetration. 

% PUB^CATIONS: 

i 
Nont. 

■." 

STUDY NO. 3 A spectroscoplc study of stratum comeum. 

PROBLEM: 

The soectroscoplc  study of stratum corncum emission has  centered around the 
identification and characterization of  its luminescent centers.    Experimental 
techniques have been established to study ultra violet emission and excitation 
spectra and excited state lifetimes of stratum comeum. 

RESULTS AM) DISCUSSION OF THE RESULTS; 

Spectra were recorded at room temperature and at  77° K.     Room temperature 
fluorescence showed a maximum at 335 nm and some small shoulders at 405 ran and 
43ö nm, all characteristic of tryptophan emission  in a protein molecule. 
Low temperature emission s'iowed a similar  fluorescence and a more intense, 
well-resolved phosphorescence at A10 nm and 43o nm.    These are characteristic 
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of tryptophan in the protein and In the matrix of stratum corneun solution. 

Triplet lifetimes of stratum comeum and tryptophan In various solvents are 
In good agreement with literature values  (Table 1). 

CONCLUSIONS: 

The chrcmophore responsible for stratum comeum emission lias been Identified 
as tryptophan.    Little or no contribution was attributed to tyrosine or 
phenlyalanlne.    The fact that tryptophan in stratum comeum may be centered 
within the protein matrix and not in the cell membranes or lipid matrix 
makes it a unique and potentially powerful .intrinsic environmental probe. 

RECOMIiENDATIONS: 

We should develop  the technique of usinp. tryptoph«n as an intrinsic emission 
probe for stratum comeum. 

PUBLICATIONS; 

Spencer TS,  Cunico RL,  O'Donnell a\:    Effect of hydrogen bonding on the 
emission of N-lieterocyclic compounds.    Accepted by Rocky Mountain Spectroscopy 
Conference,  Society of Applied Spectroscopy. 

Cunico Pd., Spencer TS: Tryptophan emission as an intrinsic environmental 
probe of human skin. Accepted by Tlocky Mountain Spectroscopy Conference, 
Society of Applied Spectroscony. 
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Table 1 

Lifetimes of Stratun Comeun and Tryptophan* 

Matrix 

Stratum corneum 

DMSO 

D20 

H2Ü-MeOK 

EPA 

MMnUfetire .(.sep.) fd 

A.2 0.3 

6.0 0.3 

6.6 0.7 

6.9 0.3 

6.0 0.4 

*Spectra at 77 K, excitation 290 nm, emission 440 ran, 

Tryptophan In various solvents at 1 x 10  M. 
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ABSTRACT 

PROJECT NO.   3A762759A831 

TASK NO.      00 

WORK UNIT NO.  167 Skin Diseases Among Soldiers 

STUDY NO. 1 Skin Diseases Among Soldiers 

This study was an attempt to get at prevalence data for dertnatologic 
diseases amongst military personnel. Data cards were filled out for 
each dermatological patient seen at Walter Reed, Brooke, Fitzsimons 
and Lettennan Army Medical Center.  These cards were keypunched and 
the information was stored in , computer. The data gave a great 
amount of information about patients who come to dermatology clinics. 
It also helped gather patients for clinical studies but it did not 
give us true apidemiologic information on dermatologic diseases. 

STUDY NO. 2 Biochemical Measurements on the Skin 
Surface with Particular Emphasis on 
Disabling Dermatoses in Soldiers 

The following investigations have been conducted under this study: 

Experiment No. 1 Skin Surface Thermomatry 

Experiment No. 2 Specific Ion Concentration at the Skin Surface 

Experiment No. 3 Safeguarding Biological Specimens During Field 
Studies 

Experiment No. 4 Anthropometric Studies on the Feet 

Experiment No. 5 Hydration at the Skin Surface 

In a pragmatic sense, the five experiments demonstrate and test modem 
systems and techniques useful for field studies of the Dermatology Research 
Program relevant to current and potential needs of the Armed Forces. 
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BODY OF REPORT 

WORK UNIT HO. 167 Skin Disease« Among Soldiers 

STUDY NO. 1 skin Diseases Among Soldiers 

PROBLEM; 

Little Information has been gathered on the frequency of skin diseases 
in military and civilian populations seen in dermatology clinics. 

Dermatologists recognise the varying skin diseases they see but there 
is little data pertaining to morbidity and time lost due to these 
diseases.    Also a disease in one soldier with a certain MOS may 
not cause him to miss duty, whereas the same disease in a soldier 
with a different MOS may cause extensive hardship. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Over the last two years information on diseases seen in the dermato- 
logy clinics at Walter Reed, Brooke, Fitzsfcmons and Letterman Army 
Medical Center has been tabulated and stored in a computer.    Th" 
represents 140.000 patient visits.    Figures derived from these nuabers 
tell us a great deal about the frequency with which Jf8«»"8«'« 8een 

in army dermatology clinics at class II hospitals.    They do little 
to tell us the Incidence, prevalence and morbidity of disease in a 
general military population. 

From car first two years of data we have learned the following. 
The data collection system would best be bolstered by a survey of a 
military population for all dermatologic conditions,  so a true 
prevalence can be figured.    Possibly a more true Plc'u" ^^T0" 
logic disease experienced by military personnel may be obtained by 
using our data collection system at isolated class I hospitals. 
Most diseases seen in Dermatology Clinics cause minimal loss of 
duty and the main loss of duty is in the time taken for diagnosis 
and treatment of the condition. 

Over these two years we have helped the participating hospitals to 
a ereat degree.    By keeping a record of patients, by diagnosis we 
have supplied information for 16 different studies, many of which 
will generate publications of significant nature.    This data bank 
has become Invaluable to army residency programs and we have also 
supplied information to the National Program for Dermatology. 

CONCLUSIONS; 

As the Amy data collection system was originally adapted It has 
been of great benefit for clinical research.    Thus far it has not 
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Skin Diseases Among Soldiers (Cont) 

led us to the prevalence of dermatologic diseases In the military 
population or to the loss of duty from these diseases. 

RECOMMENDATIONS; 

These are threefold.  First we feel it may be of more value to take 
our dermatologic data collection to dermatology clinics at isolated 
class I hospitals. Secondly, a dermatologic survey on a valid 
statistical population sample at some of these same posts will then 
give us prevalence figures.  Comparing actual prevalence to the 
number of cases seen in the dermatology clinic will give us an idea 
of discomfort or worry caused by the disease. Thirdly, a new data 
card to include a morbidity rating will be used.  This will give 
us data on MOS related disease and amount of work lost because 
of specific disease. 

PUBLICATIONS; 

None. 

STUDY NO. 2 Biochemical Measurements on the Skin 
Surface with Particular Emphasis on 
Disabling Dermatoses In Soldiers 
(P. Schmld, Ph.D., Investigator) 

EXPERIMENT NO. 1 Skin Surface Thermometry 

PROBLEM; 

Previous work in this laboratory suggested that skin temperature, mois- 
ture content of the skin surface and microbial organisms are related and 
may result in diverse skin diseases in soldiers.     In order to furthei 
clarify some of these parameters,  a new temperature measurement system 
was designed and tested. 

RESULTS AND DISCUSSION OF THE RESULTS: 

Until recently,   surface thermometry  depended on slowly responding tem- 
perature probes connected to low precision needle-type meters.    As a 
result of a commercial market survey, new temperature probes were found 
that are highly accurate,   highly reproducible,  ard with very fast response 
times.     Interfacing problems to a standard digital volt-Ohm meter were 
solved using advanced state of the art techniques.    Cost of the new 
instrumentation is several times lower than that of commercially available 
thermometers.     In order to prevent bias of the results in field studies, 
the digital read-out was chosen in Ohms rather than degrees centigrade. 
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Coaputer prograas for the H.P. 9820 system were written to process primary 
data and derived Information.    The system was successfully tested in the 
laboratory and used in field trials in Alaska, during which time several 
hundred measurements were made. 

Preliminary analysis of the field data Indicated differences in temperature 
in various areas of the foot between the garrison population and the troops 
returning from a field exercise in the arctic winter. 

CONCLDSIONS; 

A highly sensitive temperature measuring system has been successfully field 
tested in Alaska. 

RECOMMENDATIONS; 

Analysis of data from Alaska should be completed and the system luted in 
future field studies. 

EXPERIMENT NO.  2 Specific Ion Concentration at the Skin 
Surface 

PROBLEM; 

Almost no data on pH and chloride of the skin surface of the foot are 
available for normal populations or for those with skin diseases.    It was 
decided to initiate a program to measure pH at various anatomical sites 
such as the flbular plantar surface, toe webs, etc. 

RESULTS AND DISCUSSION OP THE RESULTS; 

A comnercially available system was assembled which permits consecutive 
measurements of the pH and chloride concentration of the skin surface with 
ion-specific electrodes.    Because of projected use of the system in the 
arctic winter, problems related to winterizatlon were recognized.    The 
influence of temperature and other parameters on the system and electrodes 
were investigated to safeguard interpretation of collected results. 

The system was altered in such a way that untrained personnel could make 
measurements and check instruments and electrodes under double-blind 
conditions. 

Data collection and retrieval systems were designed so that calculations 
and correction of data could be performed by computer (after the return 
of equipment and performance testing)  at LAIR. 
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The system was used In Alaska to determine pH and chloride concentrations 
on the skin surface of feet of soldiers. At this time, statistical 
analysis has not been completed. 

CONCLUSIONS: 

A mobile instrument package to measure skin pH and skin chloride concen- 
tration has been successfully field tested in Alaska. 

RECOMMENDATIONS! 

Analysis of data from Alaska should be completed. Preliminary analysis 
of data suggest a number of in vitro and controlled in vivo tests to 
further the understanding of the biochemistry and ecology of the skin 
surface of soldiers. Baseline studies in moderate climates should be 
initiated. Other ion-specific electrodes may prove very advantageous 
and their potential use should be investigated. 

EXPERIMENT NO. 3 Safeguarding Biological Specimens 
During Field Studies. 

PROBLEM; 

In field studies, the Department of Dermatology Research and a contractor 
have found that transportation of biological specimens is a major problem. 
Specially insulated containers may alleviate some of the problems of 
excreme temperatures.  In the past, maximum-minimum thermometers were used 
to record extreme temperatures; however, these measurements are inadequate 
since they do not indicate the duration or profile of the temperature 
stress.  Significant alteration of the viability of biological specimens 
during transport may not be detected.  As a consequence, data obtained 
from transported specimens may be misleading.  In view of the cost and 
effort of these studies, an accurate record is essential. 

RESULTS AND DISCUSSION OF THE RESULTS; 

An extensive market survey for a miniature temperature recorder was initiated. 
An inexpensive recorder was found and tested.  It is of the clock-type 
and does not require battetie* or ink pens. The temperature range Is from 
-40° F to +150° F and records over a period of at least 7 days without any 
maintenance. Time resolution and temperature response were tested under 
strenuous laboratory conditions and performance was found to be excellent. 

CONCLUSIONS; 

A very small and inexpensive temperature recorder was purchased and tested 
for use in containers that are transported to and from field studies. The 
recorder works well. 
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RECOMMEHDATIOHS; 

To improve cost effectiveness,  teaperature recorders should be used 
whenever biological specimens are transported in future field studies. 

EXPERIMENT NO.  4 Anthropometric Studies on the Feet 
with the Aid of the Berkemann Imprinter 

PROBLEM; 

Foot disease in troops was a major problem during the Vietnam war. At that 
time, it was felt that anthropometric measurements of feet might correlate 
with certain clinical findings. A Berkemann Imprinter was used in previous 
field studies and a large number of foot imprints collected. However, no 
attempt was made to derive qualitative or quantitative information from 
these records. 

RESULTS AND DISCUSSION OF THE RESULTS: 

The Berkemann Imprinter was used to prepare imprints of model surfaces and 
feet under carefully controlled conditions. Numerous parameters such as 
applied pressure, amount of ink, etc, were investigated. Reproduclblllty, 
sensitivity and definition of area were evaluated. 

CONCLUSIONS; 

Experiments with the Berkemann Imprlncer and foot Imprints derived thereof 
suggest that previously obtained records can be analyzed, but accuracy of 
data derived from such analysis Is questionable. In its present form, good 
anthropometric data cannot be obtained with the Berkemann Imprinter. Future 
analysis of data already collected may not be warranted. 

RECOMMENDATIONS; 

In order to salvage data already obtained In previous studies, a small 
amount of additional work should be done to decide if the study should be 
continued or terminated. 

EXPERIMENT NO. 5 Hydration at the Skin Surface 

PROBLEM; 

Most of the knowledge on hydratlon of the skin surface is of two types. 
In vitro work is based mostly on gravimetric techniques and in in vivo 
work,  outdated hygrometry techniques are used.    Both types of measurement 
are inadequate to obtain new information on the biochemical properties 
and ecology of the living human skin. 
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RESULTS AND DISCUSSION OF THE RESULTS; 

A new collection system using a new type of micro-container was developed 
and tested in the laboratory. The containers were used to collect micro 
samples of superficial skin scrapings from various regions of the foot. 
Gravimetric techniques were used to assess the state of hydration of the 
surface layers and lipid content was also measured. 

Computer programs for efficient data calculation were written and tested. 

The collection system was tested in field trials in Alaska and over 600 
samples returned to LAIR. Hydration data have been obtained and calcu- 
lations made; however, statistical evaluation has not been completed. 

CONCLUSIONS; 

Preliminary analysis suggests that meaningful data on surface hydration 
of skin can be obtained with very small quantities of skin samples that 
can be removed without trauma to human populations. 

RECOMMENDATIONS; 

Analysis of data should be completed.  It appears that the basic system 
is working but some minor improvements may be needed. After possible 
modification, future field studies should be Initiated to look at potential 
or real skin problems in military populations subjected to a variety of 
climates and stresses. 

PUBLICATIONS FOR STUDY NO. 2: 

None. 
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ABSTRACT 

PROJECT NO.      3A762760A822 

TASK NO. 00 

WORK UNIT NO.    168 The Effects of Prolonged Water 
Exposure on Human Skin 

The following investigations have been conducted under this work unit: 

STUDY NO. 1 Continuous Exposure of Skin to Water 

STUDY NO. 2 Model Immersion Foot Injury 

STUDY NO. 3 Skin Conditions in the Arctic 

Continuous exposure of human skin to water in small plastic cups produced 
a mild, transient dermatitis that was slightly greater at 144 than at 72 
hours.  The experimental injury did not resemble that of tropical immer- 
sion foot or other naturally occurring immersion injuries. 

Warm water immersion foot (WWIF) was liuluced in volunteers by affixing a 
water-filled plastic intravenous fluid bag to the distal half of the foot 
'.or  19-43 hours.  This method of inducing WWIF offers significant advan- 
tages over previously existing methods, including convenience and greater 
control over the cutaneous environment. 

A survey was conducted of soldiers in the arctic winter to determine 
whether vapor barrier clothing produced measurable adverse effects on the 
skin of the feet and other susceptible body areas.  No cases of "soggy 
foot" or other potentially disabling skin conditions were seen in troops 
who had just completed a 7-day field exercise. 
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BODY OF REPORT 

WORK UNIT NO.    168 The Effects of Prolonged Water 
Exposure on Human Skin 

STUDY NO. 1 Continuous Exposure of Skin to 
Water 

PROBLEM; 

Previous work suggested that a successful aodel for tropical lomerslon 
foot Injury could be produced In volunteers by application of water- 
filled plastic cups to the skin of the back. In order to clarify cer- 
tain points, the present Investigators conducted pilot studies using 
the same cups in a slightly different manner. When no immersion 
Injury appeared, it was decided to repeat the previous experiments in 
order to see if the results were repllcable. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Small, water-filled plastic cups were applied to the skin of the backs 
of 14 healthy young white men and left on continuously for 144 hours 
(6 days). One half of each man's back had been washed daily with Ivory 
soap for 14 days prior to application of the cups. Six cups were applied 
to each subject; two were filled with sterile water, two with water 
buffered to pH 3.5, and two with water buffered to pH 7.5. A balanced, 
randomized experimental design was used so that water at each pH was 
applied to both the Ivory and non-Ivory-washed sides of the back, and 
each part of the back received water of each pH an equal number of times. 
The cups were removed for one hour at the end of 72 hours (3 days), 
during which time the previously Immersed area was assigned a clinical 
score; then the cups were reapplied for 72 hours more (total 144 hours). 

ihree different clinical scoring systems were used:  (1) a 0 to 3+ 
global assessment system used by the previous investigators, (2) a 0 
to 3+ system devised by the present investigators, which graded the 
severity of each of five clinical signs, and (3) a rank-order system. 

Only 4 (5Z) of the total of 84 ianersed sites had lesions of greater 
than minimal severity at the end of 144 hours, as defined under grading 
system number one, and 44 (52Z) had no lesions. Typical lesions con- 
sisted of slight, nonconfluent erythema and minimal edema. 

No consistent relationships between production of lesions or lesion 
severity and pH or Ivory washing was detected using any of the three 
grading systems. 
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On average,   lesions were slightly more severe at 144  than at  72 hours, 
but this did not pertain to every subject. 

Hairs were thickly coated with waxy yellowish material at one site in 
2 of 14 subjects. 

No signs of dermatitis remained 24 hours after removal of the cups. 

These results differ substantially from those described by the previous 
investigator,  who stated that "striking inflanmation" occurred under 
virtually identical conditions of water immersion.     In this experiment, 
no subject developed marked inflammation similar to that of tropical 
immersion foot  (TIF),  and therefore the use of the water-cup technique 
to induce model TIF was not validated. 

In contrast to the previous description,  coating of hairs with waxy 
yellowish material  (clumps of bacteria)  was  rare rather than common. 
Also,  an apparent association between pH and lesion severity was not 
confirmed. 

CONCLUSIONS; 

The use of water-filled cups to Induce dermatitis on the skin of the back 
does not produce a valid model of tropical immersion foot injury.    There 
appears to be no consistent relationship between variations in water 
pH and Ivory soap washing on the one hand,  and rate of induction of 
lesions or lesion intensity on the other. 

RECOMMENDATIONS; 

Ute of the water-cup system as a model for immersion injury should be 
withheld at this  time. 

PUBLICATIONS; 

None. 

STUDY NO.  2 Mode!  Immersion Foot  Injury 

PROBLEM; 

An exact replicate of Warm Water Immersion Foot  (WWIF)  is inducible by 
immersing the feet of volunteers in swamp or swimming pool water for one 
to two days during the warm months of  the year.    Although successful, 
this method is inconvenient,  inordinately time consuming,  and restricted 
as to season.     Moreover,   it is difficult  if not impossible to vary the 
content of the water in accord with an experimental protocol.    A more 
convenient and easily variable method of  inducing WWIF would facilitate 
controlled studies of this condition. 
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RESULTS AND DISCUSSION OF TOE RESULTS; 

A flexible, water-tight environmental chamber for the distal half of the 
foot was devised by cutting the ead off of a 1000 «1 plastic intravenous 
fluid bag and putting the bag on the foot like a sock.    A water-tight seal 
was achieved using medical adhesive spray and plastic tape.    Tap water was 
inserted into the inlet tube using a needle and syringe, and air was 
removed in the same manner.    All of the foot's surface enclosed by the 
bag was in continuous contact with water. 

Using this new method, water content could be sampled or varied via the 
inlet tube, while temperature and other measurements of the skin surface 
could be obtained via a larger, resealable tube running parallel to the 
inlet tube.    A bag filled with 50 ml of water could be worn inside a 
standard men's shoe, and paired-foot studies could be conducted with an 
ambulatory subject. 

Five young men wore a water-filled bag continuously on one foot until the 
soles became painful on walking.    Pain developed in from 19 to 43 hours fol- 
lowing inmiersion.    At that time the soles had the pale, deeply furrowed 
appearance typical of WWIF.    There were changes in the diameter of the 
first and second toes and in the temperature of the planter surfaces 
before and after Imersion, but the changes were small and inconsistent. 
Relief of pain was experienced in from two to six hours after the bags 
were ranoved.  and the signs disappeared shortly thereafter. 

This convenient new method for inducing WWIF removes the time and place 
restrictions that formerly existed when inv-sstigators wished to study 
this form of immersion injury.    It therefore clears the way for further 
studies concerning pathogenesis and prevention.    Among the variables 
which may be tested using this method are pH,  salt content, and microbial 
flora.    With refinements of technique,  it may be possible to provide a 
definitive answer to the question:    Is WWIF due simply to hyperhidration 
of the plantar stratum corneum, or is there change in the deeper tissues 
as well? 

CONCLUSIONS: 

A convenient new method for experimentally Inducing WWIF has been devised. 
Use of this method in further studies could provide valuable Information 
concerning the pathogenesis and prevention of this form of warm-climate 
immersion injury. 

RECOMMENDATIONS: 

This method should replace previously existing methods for studying 
experimentally induced WWIF under controlled conditions. 
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| PUBLICATIONS; 

None. 

STUDY NO. 3 Skin Conditions in the Arctic 

PROBLEM; 

The standard uniform for field use in the arctic  includes a vapor barrier 
boot.    Although this bcot provides good protection from the cold,  it has 
the disadvantage of creating an excessively warm and humid environment 
for the feet.    This  tropical microenvironment rapidly makes the feet feel 
itchy and uncomfortable,  and it is conceivable that discomfort could 
Increase to the point of disability if the boot is worn continuously for 
more than a few days.    Little Information exists about this potential 
source of disability in soldiers,  and experimental studies cannot 
adequately duplicate the stresses of arctic  field conditions. 

RESULTS AND DISCUSSION OF THE RESULTS; 

Skin disease surveys of soldiers were conducted at Fort W'inwright 
(Fairbanks)  Alaska in late February and early March 1974.     Included were 
79 Infantrymen who had just completed a 7-day field training exercise 
and 100 support troops in garrison (total 179).    A total-body clinical 
examination of the skin was performed.    Physical measurements  (temperature, 
pH and chloride),   specimens  for fungal and bacterial cultures, and stratum 
ccrneum specimens for water and lipid analysis were obtained from the skin 
of the feet. 

Little was found which would implicate the vapor barrier boot in the 
production of potentially disabling "soggy foot" problems in infantrymen 
operating in the arctic winter.    However,   it was found that none of the 
men in the field exercipe had worn their boots continuously for more than 
24 hours,  and that each man changed his socks daily.    Consequently,   it is 
doubtful whether  this constituted an adequate test of the potential for 
disability.     Commanders and  troops uniformly denied  the existence of 
disabling skin conditions other than frostbite. 

Dry skin,  especially of the upper arms,  torso,   thighs and ankles, was a 
common complaint  in support  troops as well as  Infantrymen,  and approximately 
20 percent of the men examined had dry skin conaitions of minimal severity. 
Five soldiers  (3%)  had mild ringworm infections of  the groin.    Dermato- 
phytes were recovered from 23 men (13%),  of whom nine  (39%)  had lesions 
in the groin or toeweb.    Of  the 26 isolates,   7   (27%) were Trichophyton 
mentagrophy tes;   the rest \:ere T^ rub rum.    There was no evidence of 
significant colonization of  the toewebs by gram-negative bacteria. 
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The physical aeasureaent data and the stratum corneum specloens have not 
yet been coapletely analysed. 

Only one study similar to this has been conducted among U.S. troops in the 
arctic and the results were similar.    The significance of this information 
lies not in its arresting qualities, but in the fact that it is possibly 
the first and only Information of its kind.    A valid test of the vapor 
barrier boot's ability to induce severe and highly prevalent "soggy foot" 
conditions will not occur until men are subjected to far more rigorous 
stresses than those prevalent in these surveys. 

CONCLUSIONS; 

Latent fungal infections of the feet may become exacerbated under the 
tropical environmental conditions created by wearing vapor barrier boots; 
however,  these could probably be adequately con-rolled by use of existing 
antifungal medications.    Disabling "soggy foot" conditions appear to be 
nonexistent among troops wearing the vapor barrier boot in the arctic. 

RECOMiENDATIONS; 

If there are verified reports of significant disability resulting from 
skin conditions attributable to vapor barrier clothing,  further studies 
of cutaneous diseases in the arctic would be warranted.    Based on our 
current observations,  such a study does not appear to be warranted. 

PUBLICATIONS; 

None. 
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