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E SUMMARY
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In- Bouse Labdoratory Iniependent Research - This program is
inetitated as one aepect of 2 Bbroad approack to provide individual
Arrvy screatists and engineers an additional opportamty 1o maintais
and o< 7case laciy competence by doiag origiaal work is areas
suiting theiy talients, thereby promotiag a vigorows indernal research
programm of the Ragie st Cechaical caliber.
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Defense Rescarch Scierces, Avmy - For research and developane st
projects in tie field of plysical scicrces 8o include gemeralk physics,
neclear physics, chemictry and mathematic al seiences; engikeering
sciences to icTode electionics and ensrgy conversion; life sciences
to inclade biclogical and medical sciences and belavioral am? sovial
sciences,
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B Basic Research in Sweport of Militsry Medicine - This project

= inclader Batic Biological research im the fielde of biochermisiry,
biophysics, inmmanology, mic robiolony, pothology, piarmacoiony,
physiology, radiobiology and zoology. The project supporis selected
research work which indirectly promises to assist Ghe rest of the
mission oriemed AMEDD research program, botlk basic and applicd,

Biochemvistiry: The objective of thio task is to gaiw fendarnental
kacwledge of tse biockervical pathways involved in asabolisty,
catabolism and energy traneformation, in order to wnderstand and,
perhapz influence siritiowal vegeivemnents, antibody formation,
actiow of chemotherapewtic agemis, 288 metabolic responwesr fo
enviromnmenial sfress, injry asd specizl malitary hazards.,

Revearch is Bivtnedical Sciences - The obvjective of this project is

to oblain isformmation by the techsigues of clisical ad baoie research
on iayaries and Jidenses, except comanumicable diseases, cormmonty
seek in soldiers, especially in field operations and overseas, The
work is divided according to the major miedical specialties.
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Sevmanary (Cond'd)

Intermal medicine: The objocive is to study, by basic vesesrch
techavgwes in tie Jaborafory, those discases of scldiers iw tibe ficld
witich are the special provime of isternal medicine 18 order to
indrc ate possidie approacibes (5 Rprovements in treatioent and
prevemdion, These discases snclude diarrves, hepatitis, amemsa,
and altered metabolic stalles v whickh mkrition plays aw etiological
oF comribatory role.

Eavirowmemx’ medicime: The obycctives are to oMain basic
mdormation om tive piysiciogical Fespoares of ek and asamals to
climatic chamges, especially to lest, cold and Mgh terrestrial
algstade, wponw wihich sy be kired msproved procedares for scclinea-
tization, prodection aad treadment of svyvry Fesulling from exposwere
of scidrers to clpnalse exbrennses,

Bio-Medical Investigatiows, Malitary Istersal Medicice - The

objective is to improve existing miethiods of treatmest of disease of
military mnportasce, suck as acwle or chromic viral and bacterisl
respiratory diszases, gasiro-imestinal infections and abmormalities

of gastro-istestisal abesorption on feactions; to mmsprove the management
of certain rvilitary metabolic problemss, such 29 post-trawnatic

wel ritional deficiencies; and to study the soldiers” muiritional status

and adequacy of bis diet.

Bio-Medical Iavestigations, Military Emviromnental Medicine - The
objective is to develop betie r msthods for the provention and treat-
niexk of diseases produced by the extremies of climate to which 2 sol-
dier may be exposed,

Bio-Sensor Systems - The objective of this program is to provide

the Avenve with am imoroved detector dog capable of tracking, detecting
ambush, taksels, weaposs, mines and booky traps- -and locating
caswalties in combat operations., Through 3 coordinated program of
selective breeding, evalustion 3ad velerisary research, a seperior
dog will be developed which bas the specific desirable physical,
Bekhaviorval and sensory characteristics, free of transmissible gewetic
defects, is responsive to military training, imposes & MERITINN
logistical buirdem and cas perform effectively on oF off-leask in 318
climatic and operational emviromnemts, Work at USAMRRL kas
cemtered on the influsence of the climatic enviromment on the working

detector dog.




TABLE OF CORTENTS

l:_;ic No.

SAEUSIANC - In Howse Labusatory Independes Ruseavch

649 Tie Mechamism of Body Tempersissre
Costrol by Adienail Stescids

65¢ Clisical and Laborastory Exssusstions
of Masere Gesman Shephesd Dogs Fed
Ri Dact

051 The Evalnaiion of tie Natriuretsc Propesty
of 16 - Alpisa - Bydroxyprogesiesone is
Hunaas Selvjecte

052 Coromary Blood Flow Studies

053 Siudies in Nutritional Myopathics

054 Ulirastrectere o8 Asunsl Tissee

055 Developmess of 3 Semantic Auditory
Cowditionicg Apparitus

955 Metabolic Interrelationships

056 Bekavioral Pharmacology asd Poy chophysioclogy

057 Parameters Associated with Learsed
Avoidance Resposding

3ADSIOZBTIP - Basic Research is Suppost of Military

“ 'J 4
Biochemistry
058 Moiecular Biochenxistsy

059 Basic Studies in Lipids

U

zz

28

32

35

38

42

45

48

64




TARLE OF

.0

LONTENTS (Lont o

Basic SMudres A Nutrifion apd Metabuiasm
Yineval Mrtabolisrn
Ha~mupoietic WMstabolism as Related

to Nut-staon, G netics and Metabolic
Discas+

3ADLNIO2BTIK - Research in Biomedical Scrences

02 . Imernal Medarine

C>8

002

043

Yrperimenta) Surgery an Support of
Medical Rescarch

Maintenarce of Ammals and Study of
Fathology of Aramals Urilszed in
Ke-search

Rutnitsonal and Metadbolic Adaptations
and Interrelationships

Wosk Ferionmance and Body Composition
as Related to Environment and
Nutritional Status

Muscle Metabolissy. as Related to
Exercise, Serum Ei=ctrolytes,
Lnet, The influence of Steroids
in Normal Man and Discase

Studies 10 Microbial Metabolism

Biomedical Information Systems Design

05 - Ervirommental M2dicine

08s

High Altitude Bioenergetics

v

P.lit N,

+3
107

ns

130

i35

151

159

165




TABLE OF CONTENTS (Cont'd)

081 Cardiovascular and Pulmonary Responses 169
at High Altitsde

082 Metabolic Effects of Altitude 173
083 Physiological and Psychological 182
Aspects of Performance at
Altitede
G85 Effecte of Altitude on Myocardium of 188
; Agimals
090 Complex Cogmtive Performance 204

im Altered Eavironmcuts

JADSGZII0AB2Z - Military Late -nal Mediciae

065 Microbiological Research in 208
Tuberculosis

066 Miscellancous Microbiological 216
Clinical Research

067 Computer Classification of Pulmonary 221
Disability

068 Compater Instrument Linkager 226

071 Iniravenous Fat Emulsions 230

072 Stedies in Human Ruirition 236

073 Applied Nutrition Studies of 253

Military Populations

074 Nutritional and Metabolic Aspects 260
of Natrieats

076 Anailytical Biochemistry 289

viii




TABLE OF CONTENTS (Cont'd)

077 Nutritional PPhysiology

078 Metabolic Response of Man to Nutrition
of Disease

079 Radioisotope Support for Medical Research
08C Virologic Clinicai Research
081 A Digital Computer Based Bio-Medical
Information System to Support
Special Forces Troops in the Field
3A062110A827 - Mititary Environmental Medicine

070 High Altitude Bioenergetics

071 Cardiovascular and Pulmonary
Responses at High Altitude

072 Metabolic Effects of Altitude
073 Physiological and Psychological
Aspects of Performance at
Altitude
3JA062110A8:D - Bio - Sensor Systems

061 Nutritional Aspecis of Military
Dog Performance

Appendix A - Publication - Fiscal Yecar 1969
Laboratory Reports

Appendix B - Abstracts of the U. 5. Army Medical
Research and Nutrition Laboratory - FY 1969

Document Control Data - R & D

Distribution List

ix

Page No._

294

302

343

350

354

358

362

374

380

384

386




RESEARCH AND TECHMOLOGY WORK UNIT SUMMARY '6:{"3:‘:?;; 69 07 01 "~ i Niog
% DATE FREV SUNRY [4 ®KINUD OF SUMMARY 5. SUNMARY 3CTY' 8 WORK SECUMITY® (7. mEGRADING® e OIS0 N INSTR'N 0h SFECIFIC DATA- |8, LEVEL OF qum
6807 01 |D Change U u NA NL e Do | & vomeumr
10 NO CODES® PROGRAM ELEMENT PROJECT NUMBLR TASK AREA HUMBER WORK UNIT NUSBER
.. Phmany GII01IA  JAUGTIOTASIC — | U0 49
v cosrmeutne | 61130011 3JA013001A91C 60 >
o, CONTRIBUTING

13. TITLE (Pracode wish Socurity Cleaoilicailan c.h)

{U) The Mechanism of Body Temperature Contrel by Adrenal Steroids (06)

12 SCIEMTIFIC AND TECHNOLOGICAL A.‘l!‘

002300 Biochemistry; 003500 Clinical Medicine; 012900 Physiology

V3 START OATE V4 €ITIMATED CONMPLETION OATE 13 FUNDING AGENCY 18 PERFORMANCE NETHOD
66 07 CONT DA | C In-House
1?7 COMTRALT enanr 9. RESOURCES ESTIMATE | & AROFELSIONAL MAN YAS | B FUNDS (fn fhousands)
a D-\vcs/:rru:"v:N ot A licable & onavow FRECEsmS
B nuMBER Pp KISCAL 69 0 15
e Teee 4 AMOUNT: vyeanm (FORRENY
& KIND OF AWARD t.SUM. AMT. 70 l. 0 lB
1 REAFONSIBLE DOD DRGANIZATION l J h 0. PERFORMING ONGANIZA TION L r
HAME ® US Army Med Rsch & Nutr Lab “ame * Metabolic Division
. Fitasimons General Hospital US Army Med Rech & Nutr lab
“esREET Denwver, Colorado 80240 s Fitzsimons General Hospital
Denver, Colorado 50240
PRINCIPAL INVESTIGATOR (Fumieh SSAN (U 5, Acstemic [nerttution)
HESPONSIBLE INDIVIDUAL HAME* Herman, R. H. COL
wauE: Canham, J. OL veceenone: 303 366 53
TELEFHONE: 303 366 531 l XZ l 108 SOCIAL TECURITY ACCOUNT NUMBE
21. GENERAL USE ASSOCIATE INVESTIGA TONS
Foreign Intelligenge not Considered | "**® Hagler, L. Maj
NAME: ' ’ ) DA

£ KEYWORCS (Prvcefe EACH with Sscuttly Cimselficetion Cade)

(U) Temperature; (U) Fever; {U) Steroids

23. TECHNICAL ORJECYIVE * 24 APPROACH, 25 FROGRESS [Fumish Individual pategtaphe idntilled by number. Preceds text of amch with Securlly Claexiiicstion Codn.)

23, (U) Tech. Objective: It has been found that in a patient with persistent fever the
fever could be altered by the use of dexamethzsone and uronic acid. Etiocholanclone
may control body temperature. The ratio between conjugated ard unconjugaved
etiochslanolone may be the temperature control determinant.

24, (U) Approach: Patienta with periodic fever and normsl subjects will be studied
with recponu to etiocholanolone ard a variety of similar stercids, and the effect
ali¢ of arsaic acide and other antinvrogenic substances will be studied.

25. (U) Progress: Normal individuals given etiochelanclone and piromen develop
fever. Piromnen causes stirnulation of the pituitary with release of growth hormone.
Etiocholanolone is being studied with regard to its ability to affect the pituitary.
Patients who have hypopituitarism do not respond to etiocholanolone. Since
betaglucuronidase transforms conjagated etiocholanolone into unconjugated
etiocholanolone this enxyme has been studied, Beta-glucuronidase of serum will
not hydrolyze etiocholanolone glucosiduronide whereas livar beta-glucuronidase
will. An assay technique has been developed for liver beta-glucuronidase specific
for etiochols polone glucosiduronide. Acrylamide gel repar=tion is being performed
to distinguish the various types of beta-giucuronidases.

I'Avlll.blc fo contras:ses upor un‘l'n-lr.r'. uwul ) j
DD res= 1408-1 {FOR ARMY USE)

1 MAR G




ABSTRACT

ACT NO. 3A061101A91C In-House Laboratory Independent
Research.
WORK UNIT NO, 049 The Mechanism of Body Temperature

Control by Adrenal Steroids.

STUDY NO, 1 To iuvestigate the mechanisms
of body temperature control
particularly with regard to
adrensl steroids and the control
of exothermic reactions in
liver.

A patient with persistent fever has been investigated and it was found
that his persistently elevated temperature could be controlled by means of
dexamethasone and varicus uronic acids. It appeared that those uronic
acids that were beta-glucuronidase inhibitors would decrease his tcmperature.
From these studies it was hypothesized that there exists a regulatory
mechanism in the liver whereby body tewperature is ceontrolled. This
mechanism involved the ratio between conjugated and free etiocholanolone,
with the ratio determined by the activity of beta-glucuronidase. The
beta-glucuronidase in turn is controlled by the level of uronic acids
which will inhibit the enzyme. If the enzyme is abnormal, e, g, resistant
to inhibition by uronic acids, a greater proportion of total intrahepatic
etiocholanclone will be in the free state. Free etiocholanolone produces
fever. Dexamethzsone in some way blocks the pyrogenic action of etio-
chelanolone.

There exist a number of patients with unusual or intractable fever often
of a periodic nature and sowmetimes associated with disabling symptoms.

It has been postulated that this periodic fever is due to some derange-
ment of the wmechanism involving eticcholanolone, beta-glucuronidase and
the uronic acids. This possibility has been investigated in a number of
patients with periodic fever whom we have had occasion to study. From
the nature of the disease in the patients it can be concluded that periodic
fever probably represents a heterogenous group of diseases which might be
considered as different defects at different points along a common path-
way. The reason for the periodicity is unknown. Why some patients have
disabling symptoms and others are relatively asymptomatic despite the
presence of fever is unknown., The variability in therapeutic response

of individual patients to uronic acids and dexamethasone is also unknown.
Nevertheless, we have uncovered a number of characteristics concerning

this synZrome.

Ficst, it is necessary to make very careful, frequent temperature measure-
ments in order to detect fever which usually occurs in all of thcse
patients most every afternoon and evening even to a small degree, Second,
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with low grades of fever most of the patients are asyuptomatic while
symptoms occur when the degree of fever rises to higher levels. Thirdly,
sone of the patients respond to varioug uronic acids while others remain
completely resistant. Fourth, most of the patients recpond to dexa-
methasone though &n occasional individusl is quite resistant even to this.
Pifth, there exist other categories of patiants who appear to have
periodic fever but who become hyperthermic with epinephrine infusions.
For this we use the term stress or reactive fever, Sixth, there seem

to be sowe individuals who get fever post-exercise. Thease lsst two
entities may constictute a different category which requires elucidation.
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WORK UNIT RO, 049 The Mechanism of Body Temperature
. Control by Adrenal Steroids.

STUDY NG, 1 To investigate the mechanismzs of
body temperature control partic-
ularly with regard to adrenal
steroids and Zhe control of
exothermic reactions in liver.

PROBLEM:

The mechanisms for regulation of body temperature are not fully kuown.

It ie recognized that there exist temperature controllin; centers in

the hypothalamus which regulate the retention and loss ot hody heat. 1In
addition, it is known that there are¢ exothermic rcactions occurring in

the body which produce the heat, We aire particularly interested in

these exothermic reactions and believe there exist wechanisms for con-
trolling the rate of these reacticns thereby controlling the rate of heat
production. Obviously, fever can occur if too much heat is produced, too
little heat is lost or if both mechanisms accur. ({(This is, of course,

an oversimplification, but because of space limitations it is not
pertinent to go into detsil). We have studied one pationt with a persis-
tent fever of 101.8%° who had no diurnal variation., The patient was
asymptomatic, His fever could be decreased by the administration of
dexamethasone or various uronic acids which are themselves bets-glucuroni-
dase inhibitors or lead to the formation of beta-gluvcaronidase inhibitors.

From these studies ve have postulated that Lhere exists a mechanism in
human liver whereby the ratio of conjugated to free-etiocholanolone is
regulated. Etiocholanolone is a mormal adrenal stercid which has pyro-
genic action when injected in the free state into normal humans. Beta-
glucuronidase is able to deconjugate the conjugated etiocholanclone to
form frez etiocholanolone. Thersfore we postulate that the ratio of
conjugated to free-etiocholanolone will determine whether or not a

febrile ctate will occur. If there (s too much free eticcholanclone then
a febrile state will occur whereas if most of the etiocholenolone is in
the conjugated form then the individual will be afebrile. How etiocholan-
olone produces fever is unknown. A defect in the mechanism of beta-
glucuronidase action, that is, deficiency of & normal imhibitor or the
failure of the beta-glucuronidase to respond to an inhibitor could

result in the formation of large amounis of intrahepatic free etiocholan-
olone. Thus fever could result frow either an overproduction of etio-
cholanolone by the adrenal, a defective conjugation of etlocholanolone,

a failure of the beta-glucuronidase to be inhibited or the failure of the
formation of an inhibitor. 1In addition, fever might occur if the
mechanisms vhereby etiocholanolone acts &re extremely sensitive to what
would be normal levels of intranepatic etiocholanolone.
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Periodic fever is & puizling disease. The fever may be intractsbdle, and
®woy Or may not bs associated with various sysptoms. By the estudy of thege
patients it might be possible to determina the nature of these so-called
"periodic fevers”, to categorize them into different entities and to
discover the pathogemesis of the disease 30 that & rations] therapy

couald be deviosed and an undarstending of dbody temperature control can

be gained.

RESULTS ARD DISCUSS1OW U/ THE RESULTS:

A variety of patients with periodic fever have been studied. We have
found that there are nuwerous differences betweean patients. One patient
with fever but without symptows developed fever with an epinephrine
infusion. Epinephrine is calorigenic and increases oxygen conoumption
but does not ordinarily lead to the production of fever in normal
husans. In this one patient, however, the infusion of epinephrine did
cause gignificant fevir sand seemed to be related to a heightened sensi-
tivity that this patient had towards epinephrine. This type of periodic
fever then would be & so-called "stress” or "reactive fever.” That is,
there are & number of individuals vho respond to environrmental stress
with epinephrine secretion to which they are inordinately sensitive with
8 heightened calorigenic response, Asother patient with fever but with
no symptows was found to have fever after exercise. On investigation,
we found that most normal individuals do not develop significant fever
post-exexrcise and that g maximal souct of physical exertion is required
to csuse post-exercise fever. The wmechanism of fever occurrivig after
exercise is not clear. The muscle tissue may continue to have exothermic
resactions sfter the exercise in excess of the rate of heat dissipation
or the blood flov to the skin say decrease too quickly to permit adequate
heat loss with & comsequent incresse in body tewpersature. This type of
response shifts the esphasis away from etiocholamolone in the liver and
directs it toward suscle tijsue.

In the study of these patients with periodic fever it has become
evident that cereful measuremznt of tempcereturé every two hours is
necessary in order to charscieriz¢ the témparature pattern of the
individuai. 1t has been found that individuals with pericdic fever
have fever almost every day ia the evéning, sometimes only for a few
hours, so that if careful mcasuresents ware not made, this fever

would not be detecced. This is essentisl in proving the diagnosis.
Cften these patients sre soywptomitic and unsware that they have g miid
fever. Symptows usuaslly occur vhen the fever becomes more prolonged or
occurs at higher levels. There are occasional individuals, however,
who have symptoms even vhern Twming a very wild fever.

Uronic acid has helpad in one patient vho has been followed for s period
of over two years. /Mmother patient failed to respond to glucuronic acid
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or dexamethasone hut does respond to glucaro. (1-—24) lactone which is a
very potent beta-glucuronidase inhihitor. We curreantly have three
pstients with periodic fever under study. One is the patient who
responds nicely to glucurunic acid who has been followed for over two
yrars., The second is a young man who has had persistent recurrent
fever without symptoms. The third patient is 2 lady with gevere
abdominal pain, multiple surgical procedures and persistent intractable
fever., Her wost recent fedbrile episode occurred in (ctohber 1968 and
has been unrelenting since. Exploratory surgery revealed no cauege for the
apdominal pain whatever, such as scar tissue, adhesions, an internal
herria, etc. Fever has been persistent. She has been treated for
tuberculosis since caseating granulomas were found in the lymph nodes
draining the ileocecal region at surgery. However, this was thought to
be arrested tuberculosis oand not the csuse of her sbdominal pain and
fever., Nevertheless, she was treated ewpiricsily with no change what-
ever in her clinical state. Glucuronic acid has bDeen of no help in
this patient. Interestingly, dexamethasone caused improvement in the
temperature pattern, however the abdominal pain became worse,

Other studies are being carried oul to characterize the beta-glucuron-
idase of liver which splits etiocholanolone glucosiduronide. It appears
that the serum beta-glucuronidase activity has no effect on etiocholanolone
glucosiduronide but the liver beta-glucuronidase is active in splitting
etiocholanolone glucosiduronide. Serum glucuronidsse levels do not appear
to reflect the hydrolysis of etiocholanolone glucosiduronide by the liver.

We are also investigating the wechanism of action of etiocholanolone
and comparing it to the action of piromen (Pseudomonas polysaccharide)
which is another fever-producing agent. We have been investigating
patients with hypopitufitarism and have found that patients without
pituitary function do not develop fever after injected etiocholanolomne.

CONCLUSTONS :

We must conclude that periodic fever is a symptom of a heterogemwous
group of disegses. We currently have hypothesized that they reavit frowm
cifferent defects along a common pathway. It ia neceastary to messure
temperature guite frequently in order to prove fever in sowe patients
who have mild fetrile states. Symptoms generally occur in the more
severe febrile states and less cften when fever ia wilder. There are,
however , occasional patients with wild fever with maximum sywptoma.

We have elucidated an entity called ''resctive’ or “stress’” fever which
seems to be related to sensitivity to epinephrine. There also appears
to be & condition in which fever occurs post-exercise. Sowme of our
patients respond well to glucuronic acid, others better to dexamethasone,
while sowe respond to neither, One patient studied so fsr responds to
glucaro (1-%4) lactone. However, this material is difficuvit te obtain
and wust be chemicslly prepsred in our own laboratoly.
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The etudy of Indy teapsiaterd control iv Nee his preven Lo be quite
truitial . Ve ar¢ begimaing to sott owt the diffarent periedic fevers,
They, this 1s & fraicful srea (o1 recsasch that showld be continwes,

TUFLICATI ¢S ¢

K. K. FWermen, L.L. Ovarholt saé L. Kegles. Vaailiasl life-long poisistent
feves off swkaoim origin Tespeuding to dexazethsocna asd wiomnic ecidys.
Amss. J, Bed, 46 142, 1555,
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23, {U) ‘l‘cch Objective: To docurncut the climical and laboratory findings in active ms-
tare German Shepherds fod rics diets. Formulate and test 3 rice diet using minimal
saupplements. The inforrnation would estimate how tong s military dog will psrform
while ied a rice diet.

4. (U) Approach: Initially the form that the rics should be {od was determined. The
diets consisted of parboiled rice; supplementation ss necded was derived (rom practics

human (ood sources. Thies digte were fod soporately o mature Cerman Shankard oo
All dogs received d2ily anercise. FParamsters measured included physicsal cumina-
lione, diet analysis, nitrogen and mineral balance, dsily body weighis, urioslysis, com
plete blood count and blood chemistries.

2%. (U) Progress (Jul 68- Jun 69): Thres mature German Shepherds have beoon weed in
this study. One, fed grownd parboiled r.ce and watesr, maintainad body weight {or 9 mo} ,
ost I4 Kg over the succeeding 4 months and died. A small degenereting Lyperplastic
hy roid goiter was presect. Asother dog, fed ground pasrboiled rice snd soy sauce has
oot 0.7 Kg after | yesr 9 mo. on this dist. The third dog, sleo fed grounsd parboiled
{ceand a lesser amount of soy sSauce, mainizised body weight for 9 moaths asd bas
et 7.3 Kg over the suc.aeding 11 months. This latter animal has dsveloped bilateral
sratopathy, possibly an ezrly response to Vitamnis A dapletios. This dog’s serum
srctcas end Vitamin A sre svhaormal, This work unit is being terminsted dus te

) difficuliy in precorement of suitsble mature Germsn Shepherds for a costrolled cuj

nd, 2) cbmgin. pnoﬂcy since iaception of the study.

DD rone '498 CmE /7 0,8 B0 ONS O T $ £ oW SlE DRI, F°F 57 FLOVS s34 W '
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ABSTRAL |

PROJECT NO. JA061101APIC In-House Lobovotory
. Independeni Reseoich
WORK UNIT NO. 050 Clinicol ond Laboratory
Exominations of Mature
German Shephevd Dogs

Fed Rice Base Diets

STUDY NO. 1 Formulote ond Test o Bolanced Rice Divt
Without Animal Piciein Supplementation

The purpose of this study was to document the cliricol and labosatory findings in
active mature German Shephecds fed sice diets ond to formulate and test o bolonced
rice diet using mineral and vegeiable nutiient supplements.  The information gothered
would pertain to the advisobility of using rice bose diets for ihe militory dog and give
on astimate of how long o military dog will work while fed o rice diet.

Tiwoe mature Shepherds wete fed ground, moistened uncooked parboiled rice os

on exclusive diet. One hod 60 ml/day of soy souce odded for flavor, another 30 ml.
Al ttwee dogs weie clinicolly healthy ond vigorous and goined weight over the first

9 months. At 14 months, the: dog not receiving soy souce died following rapid weight
loss. During the period of weight loss this onimal was mildly onemic ond had moderote
to marked elevation: in creatinine phosphote kinose and serum glutamic -pyruvic
transominase. Signs of inonition were evident af necropiy, ond microscopic exom-
ination revecled degenerating thyroid goiter, degenerative changes in adrenal cortex,
fotty liver and orther changes of even less specificity.

The dog that received Xi ml /day of soy sauce with his rice dropped below his
initio! weight affer 9 months. Over the next 13 months, this onimol lost 5.5 kg
ond wos euvthanized 22, 5 months dfter rice diet initiotion. At terminus the dog
wos emeciated. YThere was bilaterol kerotitis thought to be ossociated with
Vitamin A deficiency (low serum carotene and Vitomin A values) and brown
coloration of the intestine associated with Vitamin E deficiency.

The dog that received 60 ml/day of toy sauce with his rice was 2.5 kg below his
initiol weight ot the time of euthanasia, after 22 months of rice diet. At necropsy
there wos brown coloration of the intestine as found in the other dog.




Clinicol ond Laboratory Examinations of Moture German Shepherd Dogs
Fed Rice Bose Diets - Abstract (Cont'd)

This work unit is being terminoted due to (1) difficulty in procurement of
suitoble mature German Shephesds for a controlled study and (2) chonging
priority since inception of this study.

Moture Shepherds con subsist on rice olone for several monthe under conditions
of cage 1est or mild exercise. When deficiency signs occur they appear more
1eloted to vitomins or trace minesals than to major components as protein o1 total
calories.
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BODY OF REPORT

WORK UNIT NO. 050 Clinical and Laoboratory
Exuminations of Mature
German Shepherd Dogs
Fed Rice Base Diets

STUDY NO. 1 Formulate and Test a
Balanced Rice Diet
Without Animal Protein
Supplementation

PROBLEM:

1. In Viet Nam noutritionai problems with militory dogs were originally ones

of supply, but the improvement of supply chonnels largely solved these. There
still is a potentiol supply problem in more isolated areas. When standard bagged
or canned ration was not available, diets composed of rice and various supplements
were fed. Results with thete diets were inconclusive.

2. We were interested in developing and testing a practical rice diet without
animal protein supplemeniation. The following points appeared relevont: (1) If
supply problems should arise in o major rice-producing country where military
dogs are located, how would the dogs fare on a rice base diet? (2) In what form
should the rice be fed? (3) Would a rice-based diet be nutritionally practical ?
(4) What are the most practicol and satisfactory vegetable supplements for such
a diet for military dogs in Viet Nam? (5} The acceptability of a rice diet to
dogs accustomed to other foods could be critical if these animals have to be
worked immediately but do not begin promptly to eat sufficient quantities or the
novel diet.

We had determined from preliminary feeding trials that mature German Shepherd
dogs would be fed ground uncooked parboiled rice. Parboiled rice was seiected
since it is more plentiful and has better storage qualities than brown rice. Parboiled
rice is more desirable because of its higher Vitamin B content. For simplicity, it
would be more desirable to feed the rice uncooked and more importantly, uncooked
rice has @ higher nutrient percentage than cooked rice.

To determine the foim in which rice would be fed, uncooked parboiled rice wos
fed to twe German Shepherds for 6 week and uncooked porboiled rice with soy
sauce was fed at the same time to two other German Shepherds. The two dogs on
the rice diet lost 7 IFs. (total for both) in 7 days and the two dogs on the rice and
soy sauce diet fost 4-1/4 Ibs. (total) over the sume 7 -day period.

i1




Clinical and Laboratory Examinations of Mature German Shepherd Dogs
Fed Rice Base Diets (Cont'd)

The dogs on the "rice alone" ration refused to eat it during the 7 -day period.
The average daily consumption for the dogs on the rice and say sauce for the
7 -day period was 431 gm each. The soy souce was used as flavering. We
determined later that the refusal to eat the “rice alone® was due to lack of
moisture. Dogs confronted with an undesirable or different faod will eat ii
eventually - that is, it may take 2 days or more, but this delay for a working
military dog would be undesirable. In limiting feeding, soy sauce appears to
enhance acceptability of a ration of parbailed rice.

After exomining the feces of the two dogs thot were eating the rice it was
apparent thal there was less than optimum digestibility, The rice grains were
only slightly smaller than when they were ingested. Grinding the rice priar to
feeding it resulted in increcsed assimilation.

Ground parboiled rice mixed with water or soy sauce was then fed to three
mature German Shepherds according to the following daily schedule:

Rice, gm Soy sauce/454 gm Water, ml/454 gm rice

Dog A (No. 989) 7N 0 120
Dog B (No. $87) 771 30 30
Dog C (No. 985) 861 60 60

The dags were fed hwize daily and usually aote all that they were offered. Drinking
water was availoble ad. |ib.

RESULTS AND DISCUSSION OF RESULTS:

Dog A: This dog's weight perfarmance is charted in Figure 1. It actually gained
4.3 kg initially, held ta ot least its starting weight for 10 months, lost over the
following 4 mcnths and died on 26 October 68. Increased serum levels of crectinine
phosphate kinase {CPK) and glutamic-pyruvic transaminase were recorded during
September and October, as was low packed erythrocyte volume (PCV), (Table 1).
This animal's erythrocytes were riboflavin-deficient when analyzed in October 1968
(analysis by Mrs. Yaye Herman, Chemistry Div., USAMRNL).

At necropsy (26 October 68) the dog was very thin with marked loss of muscle

mass and body fat. Absence of periorbital fat was expressed in deeply -sunken
eyeballs. The hair coat was rough.
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Clinical and Laboiatory Examinations of Mature German Shepherd Dogs
Fed Rice Base Diets (Cont'd)

Parenchymatous organs were reduced in size ond the liver was pale with a diffuse
yellow tinge. There were siderotic nodules on the surface of the spleen, a common
and apparently inconsequential change in old dogs attributed to locai chronic passive
congestion. The chonges seen at necropsy were compatible with general inanition.
Microscopic examination revealed:

1. Degenerating, colloid-poor goiter of thyroid gland; its epithelium had been

hyperplastic and was now unde-going degeneration and fibrosis; the gland was not
enlarge.i.

2. Disorganization, degeneration and early fibrosis of adrenal cortex.

3. Fatty metamorphosis, liver.

4. Lipid vacvoles, hepatocyte nuclei, liver.

5. Lipofuscin pigment, hepatocytes, liver.

6. Hemosiderosis, Kupffer cells, liver.

7. Ballooning hypertrophy and hyperplasia, pigment epithelium, retina, focal.

8. Atrophy, giant cell formation and lack of mature sperm, seminiferous tubule,
testes. (This was au adult dog.)

9. Atrophy and fibrosis, prostate.
10. Siderotic nodules, spleen.
11. Atrophy, skeletal muscle.

Atrophy of the various organs, fatty metamorphosis ani marked lipofuscinosis of
liver are associated with inanition of any cause. Multiple endocrine involvement
(adrenal, thyroid) suggests more widespread disorder in this system but further
conclusions cannot be drawn from the limited biochemical data in this pilot survey.
The reduced size of the goiter—containing thyroid was particularly interesting.
Follis, in his text in reference to mice on Remington's standard low ~iodine diet,
says, "Surprisingly, the only component of the diet which appeared to influence
the size of the thyroid gland was sodium chloride, whose omission greatly reduced

13




Clinical and Laboratory Examinations of Mature German Shepherd Dogs
Fed Rice Base Diets (Cont'd)

the size of goiters, though thyroid hyperplasia was present even in its absence. "*
In this dog with the small hyperplastic goiter, the diet consisted only of rice and
water. Parboiled rice contains no iodine and has o low salt content, 9 mg sodium
per 100 grams of rice. The two surviving dogs had received soy sauce. Soy sauce
is produced by steeping soy bean products in brine, the salt probably containing
iodine. The soy souce fed was not analyzed for salt or iodine content. The
earlier death of the dog not receiving soy sauce may be related io greoter iodine
deficiency if not sodium chloride deficiency.

The swelling of retinal pigment epithelial cells indicates that there was a
detached retina, untemortem.

Dog B: 1his animal did not drop below his original weight until 9 months atter
the start of the feeding trial. Over the next 13 months, this animal lost 5.5 kg
of body weight and was euthanized on 10 July 69, after 22. 5 months of the rice
diet. This animal's peak weight was 9.2 kg higher than the starting weight,
reached atter approximately 4 months on the rice diet.

At terminus the dog was emaciated. There was gross evidence of muscie atrophy.
All body organs were normal in gross appearance with the exceptions of the small
intestine and both eyes. There was brown coloration of the intestine which was
interpreted as a response to Vitamin E deficiency, and bilateral keratitis thought
to be associated with Vitamin A deficiency (low serum carotene and Vitamin A
values, Table 1).

Dog C: This dog was euthenized on 11 July 69. At death he was 2.5 kg below
his starting weight, after being fed this ration for approximately 22 months. This
animal's peak weight gain was 6.1 kg after 6 months on this diet.

The necropsy findings were unremarkable with the exception of brown discoloration
of the intestine wall, interpreted as a response to Vitamin E deficiency.

The feces of the three dogs were of normal consistency except that Dog B had
diarrhea during its period of weight loss (Figure 1).

These three dogs were exercised uneventfully on ar outdoor dog exercising device
from 1 April 1968 to 30 June 1968, 45 minutes per day, 3 days per week. Through-
out the test feeding period these animals were placed in outside runs 5 days per
week and remained in the runs from 2 to 5 hours daily.

*Follis, Richard H., Deficiency Disease, Charles C. Thomas, pg. 78, 1968,
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Clinical ond Leboratory Examinations of Mature German Shepherd Dogs
Fed Rice Base Diets (Cont'd)

It appears that weight loss in relatively inactive mature’German Shepherds on

o greund parboiled rice diet is more related to deficiency of essential truce
nutritional faciors than to protein inadequacy, since deficiency of the latter would
result in more rapid loss of condition and weight than we observed in these three
animals. 1t is interesting to speculate how mature German Shepherds would fare
on a ground parboiled rice regimen with vitamins and minercls supplemented.

This work urit is being terminated due to (1) difficulty in procurement of
suitable mature Serman Shepherds for a controlled study and (2) changing priority

since inception of this study.

CONCLUSIONS:

1. It is possible to maintain body weight and apparent good health in mature
relatively inactive German Shepherds for a number of months by feeding ground

parboiled rice and water, or parboiled rice and soy sauce, both diets with water
ad. lib.

2. As the clinical condition of the dogs deteriorates, deficiency of riboflavin
and Vitamin A become apparent. Deficiencies of other nutrients were not specifically
determined but may have been present as well, e.g. iodine.

PUBLICATIONS:

None. An MRNL Laboratory Report is in preparation.
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Clinical and Laboratory Examinations of Mature German Shepherd Dogs
Fed Rice Base Diets (Cont'd)

TABLE 1: Clinicopathologic Value

Dog A Dog B Dog C Control Dog
CPK units (normal 09 units)
16 Sep 68 80 10 10
24 Sep 68 60 15 25
SGPT units {normal <25 units)
12 Sep 68 67 - -
24 Oct 68 73 - -
PCV (%) (normal 45-50%)
12 Sep 68 32 35 45
24 Oct 68 32 38 56
B-Carotene (mcg/100 ml) >9.7
16 Apr 69 - 0 0
Vitamin A (mcg/100 ml) > 147
16 Apr 69 - 25 40

16
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23. (U) Tech Objective: 16-alpba-hydroxyprogesterone is prodused by the normal hu-
man sdrenal gland. Natriuretic propertioo have been atiributed to 16-alpha-hydroxy-
progesterone. The actual blood concentration necessary to produce a response ir
humans is unknown. The objective of this study was to establish the dose respoense
necessary to induce soduim diuresis in human subjects by the intravenoue administratign
of known quantities of i16-sipha&ydroxyprogesterone.

24. (U) Approach: A constant intravenous infusion of 16-alphs-hydrozyprogesisrona
w29 administered for six daye in one subject and for sleven days in two additional sub-
jects.

25. (U) Progress (Jul 68 - Jun 69 ): In the first subject studied 16-alphs-hydroxypro-
gesterone increased ths urinary potassium to soduim ratios of thess excroted cations
correlating to an elevation of urinary aldosterone cicretion which incressed five-fold.
Urinary aldosterone excretion increased, secondary to administration of i6-alpha-
hydroxyprogesterone despite a high sodium intake by the subject. Prsliminary dats
suggest that this etercid is antagonistic to the action of aldoeterone. Results arse
pending {rom studios on two additional subjects,

T
D roas 1498 PREVIOUS EDITIOND OF YH!S FORM ANE OBSULETE D0 FORIAS 14084 * NOV 15
tuAR 68 AND 1488 1 t MAR 88 (FOR ARMY UIE: AHE ODPSOLETE
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ABSTRACT

PROJECT NO. 3JA061101A91C In-House Laboratcry Independent
Research
WORK UNIT NO. 051 The Evaluation of the Natriuretic

Property of 16-Alphs-Hydroxy-
progesterone in Human Subjects

The following investigation was conducted under this work unit:
STUDY NO. 1: The Evaluation of the Natriuretic

Property of 16-Alpha-Hydroxy-
progesterone

16-alpha~hydroxyprogesterone is produced by the normal human adrenal
gland, WNatriuretic properties have Leen attributed to this sleroid com-
pound. A constant intravenous infusion of 16~alpha-hydroxyprogesterone
was administered for b days into one normal subject and for 10 days into
two additional notrmal subjects. The infusion of the steroid was pre-~
cceded by an eight-day equilibration petiod in which the subjects received
a constant high sodium-normal polassium diet which was continued
throughout the entire study, This period was followed by a control infu~
sion period and finally the period of infusion of the steroid which was
compared to the control,

The first subject receiving 16-alpha-hydroxyprogesterone jor 6 days
was on strict bed rest in the supine position during all infusion periods.
The other two subjecis were allowed to ainbulate during the infusion
periods.

1n the first subject there was & kaliuresis aspociated with a tendency
toward sodium retention resulting in an elevuted urinzry potassium to
sodium ratio during the infusion of 16=slpha~hydroxyprogesterone.
Urinary aldosterone excretion increased during the infusion of the
steroid compared to the control period. These results were alse
found in subject twe. The results were variable in subject three. 1t
was felt that change i1 posture and renin-angiotensin activity there
may have negated the effect achieved in the other subjects.

These preliminary data suggest that 16~-alpha-hydroxyprogesterone
opposes the action of aldosterone in normal subjects resulting in
elevated levels of aldosterone when infused tn face of & high sodium
intake.
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PONY OF RT.PORT

WORK UNIT NO. 051 The Fvaluation of the Natriureti
Property of 16=Alpha=<llydroxy -
progesterone in Human Subjerts

PROBLEM:

l6-alpha~hydroxyprogesteronc is produced by the normal human
adrenal gland, It has been repurted by Janoski, et al., that this
steroid is produced in large amounts in untrcated-ﬁmcnts with
salt-losing congenital adrenal hyperplasia., Natriuretic propertics
have Leen attributed to l6-alEha-hydroxyprogcsterune in various
reports, The actual blood concentration necessary to produce a
regponise in humans is unknown, The natriuretic effects of this
steroid in humans had not been previouslty determined. l6=alpha-
hydroxyprogesterone was prepated from l6-alpha-17«alpha-
epoxyptogesterotie,

After constant electrolyte balance on a high sodium (250 mEq'day)
normal potagsium (50 mEq/day) intake was attained, three subjects
received a control infusion, This was followed by a constant infusion
of 30 mg’'dav of 16=alpha~-hydroxyprogesterone for f, days in Subject

1 and for 10 days in Subjects 11 and II1. Subject 1 was restricted to
the supine position during all infusion periods; whercas, Subjects 11
and 11l were allowed to amhbulate, Frequent blood samples and
24-hout urine samples were collected to compare electrolvte changes
and aldosterone excretion during control versus the steroid infusion

petriods, ’

RESULTS:

In Subjects 1 and 11 there was kaliuresis, and urinary sodium retention

" resulting in an elevated urinary potassium to sodium ratio during the
infusion of 16~-alpha-hydroxyprogesterone. These changes were ansoci-
ated with a rise in urinary excretion of aldesterone during the infusion
of this steroid., In Subject 11l a true balance was not attained during
the control period and the variable results suggested the interplay of
the renin-angiotensin system secondary to postural changes.

The findings in Subjects 1 and II during the infusion of 16-alpha-
hydroxyprogesterone are consistent with an opposition of this steroid

to the action of aldosterone.
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The Evaluatio: of the Natriurctic Property of 16~-Alpha~Hydroxy-
progesterone in Human Subjects (Cont'd)

R ECOMMENDA TIONS:

Additional studies are necessary to verify these findings and to
cstablish a dose-response. Normal subjects should be studied only
in the supine position to negate postural effects on electrolyte balance
and aldostcrone. Adrenalectomized patients are needed to eatablish
a log-dose responsc of 16-alpha-hydroxyprogesterone to mineralo-
corticoid without the interventica of the physiological readjustments
in subjccts with intact adrenal glands,

This work unit shall be closed in Juiy 1969 because the principal
investigator is leaving the Laboratory and Service,

PUBLICATIONS:

1, Janoski, A.H., M, Roginsky, N. P, Christy and W. G, Kelly,
Hyperproduction of 16-alpha-hydroxyprogesterone in salt-losing
congenital adrenal hyperplasia. Abstract No. 59, The 51at

Annual Meeting of the Endocrine Society, New York 1969 (June).

2. Janoski, A,H., M. Roginsky, N.P. Christy and W. G. Kelily.
Metabolism of 16-Alpha-Hydroxy Cz1, Steroids IIL J. Clin,
Endocrin, and Metab., (In Press)
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23. (U) Tech Objective: To determine the effects of pharmacologic agents and
environmental stress on the coronary circulation,

24. (U) Approach: Coronary blood flow will be measured by one of the following
methods: 1) myncardial clearance of Xenon-133, 2) electromagnetic flowmeters, 3)
indicator-dilution curves using labeled and nonlabeled tracers. Initial studies

will determine the effects of various agents on coronary blood flow in man and

dog and the effects of hypoxia and high altitude on the coronary circulation in the

dng.

25. (U) Progress: (Jul 68 - Jun 69) Two studies on the effects of selective coronary
injection of radiopaque contrast agents have been completed. One study in man has
confirmed that myocardial blood flow does increase transiently following coronary
arteriography. Another study in intact dogs has shown that the hemodynamic respons
to coronary injections of radiopaque media are in part reflex-mediated through acti- %
vation of coronary stretch receptors, The resuilts of the latter study have been sub-
mitted for publication. Experiments designed to determine the effects of activation
of the coronary stretch receptors on renal function are presently underway.
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ABSTRACT

PROJECT NO. 3A061101A91C In-House Laboratory

. Independent Research

WORK UNIT NO, 052 Coronary Blood Flow
Studies

The following investigations have been or will soon be initiated
under this work unit:

STUDY NO. 1: Effects of Nitroglycerin and Amyl Nitrate
on Coronary Blood Flow in Intact Dogs

STUDY NO; 2: Effects of Selective Coronary Arteriography
on Myocardial Blood Flow in Man

STUDY NO. 3: The Response of the Coronary Vasculature
. and Tissue Fluid Compartments to Decreased
Oxygen Supply

STUDY NO. 4: Reflex and Direct Effects of Selective
Coronary Arteriography in the Dog

STUDY NO, 5: Effects of Coronary Receptor Activation on
Renal Function

This work unit was established to investigate the effects of pharma-
cologic agents and environmental stress on the coronary circulation,
Several methods of measuring coronary blood flow will be utilized
including: (1) myocardial clearance of Xenon-133, (2) electromagnetic
flowmeters, (3) indicator-dilution curves using iabelled and nonlabelled
tracers, In the past year two studies on the effects of selective coron-
ary injection of radiopaque contrast agents have been completed, One
study in man has confirmed that myocardial blood flow does increase
transiently following coronary arteriography. Another study in intact
dogs has shown that the hemodynamic responses to coronary injections
of radiopaque media are in part reflex-mediated through activation of
coronary stretch receptors, The results of the latter study have been
submitted for publication, Experiments designed to determine the
effects of activation of the coronary stretch receptors on renal function

are presently underway.
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WORK UNIT 052 Coronary Blood Flow Studies

STUDY NO. 1 Effects of Nitroglvcerin and Amuvl
Nitrate on Coronary Blood Flow in

Intact Dogs

PROBLEM:

Until recent vears, information concerning the responses of the cor-
onary circulation has been derived primarily from isolated heart or
heart-lung preparations of experimental animals or from postmortem
studies in man. Unfortunately, the data obtained from ti:ese experi-
mental situations, excluded from normal metabolic support, thermal
regulation and autonomic nervous system and respiratory influences
are not satigfactory for predicting hemodynamic responses in the
intact animal or in man, Recently, however, several methods have
been developed which allow the measurements of coronary blood flow
in the intact, closed-chest dog or in man. This permits the study oif
the coronary circulation within an anatomically and physiologically
intact cardiovascular system.

RESULTS:

Due to various technical difficulties we have not been able to proceed
with this study. Because the principal investigator is leaving the
service in the immediate future, this study is being withdrawn.

STUDY NO. 2 Effects of Selective Coronary
Arteriography on Myocardial
Blood Flow in Man

PROBLEM:

The administration of small amounts of hypertonic, radiopaque agents
directly into the coronary artery has been shown in both the open-chest
and intact anesthetized dog to produce an increase in myocardial blood
flow. Whether this phenomenon occurs in man, particularly in the
presence of coronary artery disease is unknown. Selective coronary
arteriography is being utilized with increasing frequency in most
cardiac catheterization laboratories, thus it is important to obtain as
much information as possible about the effects of this procedure.

RESULTS:
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Coronary Blood Flow Studies (Cont'd)

In 4 of 5 patients with, and in 2 of 5 patients without demonstrable
coronary artery disease myocardial blood flow (measured by the
Xenon-133 myocardial washout method) increased 10 - 82% above
control values within one minute of intracoronary injection of
Renografin-60. One patient with, and two without coronary artery
disease showed no change in myocardial flow and the remaining
patient without coronary disease responded to the injection with a
17% reduction in flow. Those patients showing an increase in flow
had lesser control values (range: 39 - 58 ml/min/100 g) than those
who showed no change or a fall (range: 72-82 ml/min’/100 g).

STUDY NO. 3 The Response of the Coronary
Vasculature and Tissue Fluid
Compartment to Decreased
Oxygen Supply

This study has been moved to Work Unit No. 081,

STUDY NO. 4 Reflex and Direct Effects of
Selective Coronary Arteri-
ography in the Dog

* PROBLEM:

Transient cardiac slowing and rarely cardiac arrest have been
observed following selective coronary artery injection of radiopaque
contrast agents., The cause of this slowing has not, to our knowledge,
been delineated. After preliminary experiments in closed-chest dogs
revealed this to be a reflex phenomenon, a more definitive study was

designed and carried out,

RESULTS AND DISCUSSION OF RESULTS:

Hyperosmotic solutions of a variety of substances including poly-
vinylpyrrolidone, sodium diatrizoate, methylglucamine diatrizoate,
NaCl, glucose, sucrose, and mannitol produced transient sinus
bradycardia and fall in arterial blood pressure when injected dir-
ectly into the coronary arteries of the intact anesthetized dog. More
consgistent and marked responses were observed when injections were
made into the left as compared to the right coronary artery. The
same changes occurred with acute coronary venous hypertension
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Coronary Blood Flow Studies (Cont'd)

induced by coronary sinus obstruction with a balloon catheter. The
responses were not produced by coronary injections of isosmotic
saline or injections of the various substances into the aortic root,
left ventricle or pulmonary artery nor were they abolished by pre-
heating the solution to body temperature.

The drop in blood pressure occurred even when the bradycardia was
prevented by pacing or atropine. Concomitant with the fall in blood
pressure, femoral blood flow increased indicating the former response
was due in part to peripheral vasodilatation. Maximal left ventricular
contractility (LV dP’/dt) decreased with the fall in blood pressure,

even if the bradycardia was prevented. In most, but not all, of the
experiments this reduction in maximal LV dP’dt could be nearly or
completely abolished by beta adrenergic blockade. It is thus probable
that a reflex-mediated decrease in myocardial contractility contributes
"to the fall in blood pressure. All responses were abolished by bi-
lateral vagotomy with the exception of the fall in pressure and maximal
LV dP/dt produced by the radiopaque media or 5% NaCl. These agents
exert a direct myocardial depressant action. Simultaneously deter-
mined indicator-dilution curves using 1251 _albumin and I-diatrizoate
verified that the diatrizoate molecule leaves the circulation during its
passage through the coronary vascular bed. Calculations derived from
these curves demonstrated that injection of non-labelled diatrizoate
produces a large increase in coronary blood flow. In patients under-
going selective coronary arteriography, the bradycardia, but not the
fall in blood pressure occurring with coronary injections of radiopaque
media, could be prevented by atropine. The commercial preparations
of sodium diatrizoate (Hypaque 50%) usually produced more intense
bradycardia than the preparation of methylglucamine diatrizoate
(Renografin 60%).

It is concluded that the depressor effects of coronary injections of
hyperogmotic solutions or coronary sinus obstruction are the result
of activation of a reflex arc originating from stretch receptors in the
coronary capillaries or small veins. The afferent limb of the reflex
is bilaterally represented in the cervical vagosympathetic trunks of
the dog. The efferent effects characterized in these experiments
were increased vagal firing to the sinus node, decreased activity of
adrenergic fibers to peripheral vascular alpha receptors and probably
diminished adrenergic firing to beta receptors in the ventricular myo-

cardium,

STUDY NO. 5 Effects of Coronary Receptor
Activation on Renal Function
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Coronary Blood Flow Studies (Cont'd)

PROBLEM:
To determine the role, if any, of coronary vascular stretch receptors
in the regulation of renal function, i.e., are these receptors physio-

logicaliy important as centrai volume receptors.

RESULTS:

Work to date has shown that a diuresis accompanies activation of
the coronary receptors. Additional experiments are currently
being conducted to determine the mechanismys) involved.

R ECOMMENDA TIONS:

s. Studies dealing with the relationship between renal function and

the cardiovascular system should continue. High altitude exposure,
pulmonary artery pressure and renal function are interesting correlates
that should be investigated.

2. Basic research in cardiac physiology should be continued.

PUBLICATIONS:

1. Carson, R.P., and R, Lazzara. Hemodynamic Responses
Initiated by Coronary Stretch Receptors with Special Reference
to Coronary Arteriography. American J. Cardiology (Submitted
for publication).
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23, (U) Tech Objective: To study alterations in the composition and function of cellu-
lar and subceilular muscle components during the progression of nutritional myopath-
ies. To investigate the cellular and subcellular distribution and rate of turnover of
Vitamin E in various tissues. To study the influence of environment and various
dietary components on the metabolism of Vitamin E.

24, (U) Approach: Vitamin E-deficient rabbits will be utilized in studies on nutritiona
muscular dystrophy. The iaboratory rat will be used in studies investigating the meta
bolic interaction of vitamin E with other nutriente. Isotopically labeled tocopherols
will be employed in metabolism studies and in turnover measurements. Various en-
tymes associated with muscle metabolism and functions will be studied and their acti-
vities quantitated.

25. (U) Progress (Jul 68 - Jun 69) Due to personnel shortages, no further progress
was made. Further studies in this area have been discontinued.
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ABSTRACT

PROJECT NO. JA06V101A9C In-House Laboratory
Independent Research

WORK UNIT NO. 053 Studies in Nutritional
Myopathies

The following investigations have been conducted under this work unit:

STUDY NO. 1 Etfect of vitamin E deficiency on the fatty acid
profiles of phospholipids isalated from rabbit muscle
sarcolemma

STUDY NO. 2 _ffect of vitamin E deficiency on the calcium uptake
and AT Pase activity of rabbit grana

Due to penonnel shortages, no significont progress has been made during this

fiscal year. Since qualified persannel are not anticipated to be available in
the immediate future, further studies in this area have been discontinued.
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WORK UNIT NO. 053 Studies in Nutritianal
Myopathies
STUDY NO. 1 Effect of vitamin E deficiency

on the fatty acid profiles of
phospholipids isclated from
rabbit muscle sarcolemma

PROBLEM:

The exact metabolic role of vitamin £ in humans and laboratory animals is un-
known. One hypothesis considers vitamin E as an antioxidant essential for the
maintenance of normal cell function and integrity. This hypothesis is consis-
tent with the creatinuria and increases in serum enzyme activity observed during
vitamin E deficiency in several species. It seemed important therefore, to
ascertain the extent that the fatty acids bound to the phospholipids in muscle
membranes {sarcolemma) were altered by vitamin E deficiency.

STUDY NO. 2 Effect of vitamin E deficiency
on the calcium uptake and AT
Pase activity of rabbit muscle
grana

PROBLEM:

Muscle sarcoplasmic reticulum is characterized by high caicium uptake or
binding activity with a concomitant rapid AT Pase activity. Several inves-
tigators have shown that release of calcium fram the sarcoplasmic reticulum is
essential for muscle contraction whereas uptake or binding of calcium occurs
during muscle relaxation. Since vitamin E deficiency in the rabbit is charac-
terized by a complete relaxation of the hind limbs, it seemed important fo
investigate the calcium uptoke ond AT Pase activity of several muscles in both
deficient and control animals.

RESULTS AND COMNCLUSIONS:

Due to departure of the principal investigatar and other pzrsonnel shortages,
na significant progress has been made during this fiscal year, Since qualified
personnel are not anticipated to be available in the immediate future, further
studies in this area have been discontinued. Should personnel again become
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Studies i Nutritional Myoputhies (Cont' d)

avallable, appropriate aspects of these studies would be comidared for

continued investigation under Work Unit No. 060: Baosic Studies of
Nutrition and Metabolizm.

PUBLICATIONS: NMone

Several manusctipts bosed on findings reported in previous Annual Progress
Reporty are being prepured. Resulting publications will be subsequently

indi cated undsr Work Unit No. 060: Basic Studies of Nutrition and Metabolism

i
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23, (U) Tech Obj.: Animasl tiseues subjected to phyeiclogic stresses, nutritional fe-
ficiencies, @tc, undergo a variety of structural changes, Many of these are undetect-
able or poorly defined with light microscopy but may bs vieualised with the electron
microeccpe (EM). The broad objcciives of this work unit are to characterize uitra-
structural changes occurring under such conditions, end to attempt to correlate these
with functional changes and with alterations in cellular and tissue organination at the
level visualised by light microscopy.

24, (U) Approach: Tissues sudhiected to the above kinds of stresses will be studied by
EM and thair ultrastructural marphology will be correlated with routine histopathology
on the same tiseue; this approach reveale changes not clearly visualised by light mi-
croscopy eince the identity and eignificance of structures poorly visuaiized can be con-
firmed with the electron microecope. Sequential studies can reveal processes or
mechanisme and help relate structure to functional changes which are observed. Con-
eidsrabls experimentation with fixation, embedding and etaining for EM examinstion
may be required.

25 (U) Progress (Jul 68- Jun 69): Studyl: "A Sequential Study of Ultracellular Chan-
ges in Hepatic and Reticuloendothelial Cells Following Administration of Parenteral
Lipid Emulgsion'. A 10% cottonesed oil emulsion wae given to 105 rabbite, a single in-
travenocus dnse of 20 cc/kg. Several tissue specimene were taken from each animali,
killed at intervals frora 5 min, to 8 wks. after initiation of infueion. These 2520 speci
triens have Leen processed, epon-embedded, and filed, Further processing and EM ex-
.nmifunion have been delayed duea to pcuonnql,l shortages and studies on higher priority.
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ABSTRACT

PROJECT NO. 3A041101ANC In-House Laboratory

Independent Research

WORK UNIT NO. 054 Ultrastructure of

Animal Tissue

STUDY NO. 1 A Sequential Study of the
Ultracellular Changes Within
the Hepatic and Reticulo-
Endothelial Cells Following
Administration of Parenteral
Lipid Emulsions

To study seguential cellular alterations during uptake, accumulatian and

assimilation of lipid globules after intravenous fat administration. Reticulo-
endothelial and hepatic cells are of primary concern and the development of
"intravenous fat pigment" and pigment granulomas are of particular interest.

Intravenous fat emulsion (10% cottonseed oil) was administered to 105 rabbits
ut the rate of 20 ¢ /kg body weight. Administration of the single full dose
requires approximately 90 minutes. Sequential sacrifice began 5 minutes afier
initiation of administration and continued at intervals up to B weeks. Animals
were sacrificed and tissues from liver, spleen, lungs and kidneys were collected
and prepared for examination by light and electron microscopy. The time
relationships from uptake of lipid to establishment of pigment and granulomas
will be determined.

Collection of specimens from 105 rabbits has resulted in 2,520 epon-embedded
spechiens for electron microteopie examination and representative tissues for
light microscopy as well. The electron microscopic examination of these
specimens has been delayed due to personnel shortages and studies of higher

priority.




BODY OF REFORT

WORK UNIT NO. 054 ‘ Uttrastructure of

Animal Tissue

STUDY NO. 1 A Sequential Study of
the Ultracellular Changes
Within the Hepatic and
Reticulo ~-Endothelial
Cells Following Admin -
istration of Parenteral
Lipid Emulsions

PROBLEM:

Fat emulsions could be a very useful component of parenteral alimentation
regimens. Emulsions evuluated to date produce a pigment in reticclo-endothelial
cells and hepatic parenchymal cells. The functional significance of this pigment
has riot been established.

Previous electron microscopic studies have shown that alterations exist at both
the cell surface and within the cell, in association with uptake and assimilation
of parenterally -administered fat emulsions. These previous studies have been
sporadic with respact to total dose and time after administration.

A sequential examination, beginning during infusion and extending for some
period after a standardized dose, has not been reported. This study will follow
rabbits, three per time interval, from 5 minutes after initiation of a single
$0-minute administration to 8 weeks, following the presence of lipid globules
in capillaries to their entrance into the cell, their assimilation and the possible
development of pigment and granulomas.

The tissues have been collected, epon-embedded and filed. Further processing
of these tissues has been delayed due to personnel shortages and studies of higher

priority.
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23. (U) Tech Objective: The study would attempt to produce a procedure and the
equipment to produce the generziization of stimuli on a dimension of meaning to =
set of classically conditioned reflexes. In addition, various parameteres of the
situction would be explored including: 1) intensity of the uncondithoned stirnuli;

2) extinction rates of the reflexes after partial reinforcement; 3) subject
awareness; 4) susceptibility of various reflexes to the procedure,

Z4. {U) Approach: Voluatesr subjects will be conditioned to sets of words or
sentences roflecting bipolar dimennon- of meaning, white noiee being the uncondi-
tioned stimulus. Following a schedule of pertial reinforcemeant, and interspersed
between reconditioning trials, trials of semantic generalisation across the bipolar
meaning dimensions will be attempted. Reinforcement events will be stacked on

a probabilistic basis, Cenditioned responscs will be periphersl vasccoastriction,
myographic, eyelid and galvanic skin reeponses. i
5. (U) Progress: No formal resulis were obtained. A few subjects were X
tested to determiine stimulus intensities required to produce an adequate
response. The initisl work shows cubjects to be conditionable in a3 few as
three trials. A mercury plethesmograph was shown as ideal for response
measurements. The project was termim ted due to the departure of both

investigators,
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ABSTRACT

PROJECT NO. 3A061101A91C In-House Independent Laboratory
Research

WORK UNIT NO. 055 Development of a Semantic
Auditory Conditioning Apparatus

The purposec of this investigation was to develop a reliable method for
producing vasomotor, galvani¢c and myographic reflexes to conditioned
stimuli along bipolar dimensions of meaning, Differcent types of uncon-
ditioned stimuli and reflexes were to be used to overcome idiosyncratic
responsivity of different subjects. Parameters of conditioned stimulus-
unconditioned stimulus (CS-UCS) interval, conditioned stimulus (CS)
and unconditioned stimulus (UCS) intensities and durations and subject
awarcness were to be studied.

The study has been terminated due to the departure of both the principal
and associate investigator.
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WORK UNIT 055 < Development of a Semantic Auditory
Conditioning Apparatus

PROBLEM:

The purpose of this investigation was to develop a relizble methad

for producing vasomotor, galvanic and myographic reflexes to con-
ditioned stimuli (CS) along bipolar dimensions of meaning. Differeat
types of unconditioned stimuli (UCS) and reflexes were to be used to
overcome idiosyncratic responsivity of different subjects. Parameters
of CS~-UCS interval, CS and UCS intensities and durations and subject
awareness were also to be studied.

RESULTS:

No formoal results were obtained. Feasibility studies on a limited
number of subjects gave promising results, The study has been
terminated due to the departure of both investigators early in FY 69,
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ABSTRACT

PROJECT NO, 3A061101A91C ) In-House Laboratory
Independent Research

WORK UNIT NO, 055 Metabolic Interrelationships

Three studies on dogs have been initiated to determine the mechanisms
by which the adrenal glands respond to hypotension. Preliminary
information is incomplete.

Further studies under this work unit were terminated due to the
sudden transfer of the principal investigator.
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BODY OF REPORT
WORK UNIT NO, 055

PROBLEM:;

Hemorrhage and drug-induced hypotension is associated with increased
sceretion of catecholamines, However, the mechanism by which the
adrenal gland responds to the reduction in blood pressure is not fully
determined. It is partly mediated via the central nervous system. An
attempt was made to determine whether or not the adrenal gland re-
sponds dircctly to changes in blood pressurce at the local level. Acute
reduction in blood pressure to the adrenal glands can be achieved
using a balloon (Dotter-Lucas), inflated above the renal arterices to

create a gradient,

In the anesthetized dogs, reduction of blood pressure by approximately
' 50mm Hg produces a reduction in pulse, slight increase in plasma
glucosc conrentration, and 2 marked increment in plasma free fatty
acid concentration, The mechanism by which plasma frce fatty acid
conccutration is increased during Arfonad (trimethaphan) hypotension
was to be elucidated by using carbon-14 labeled frece fatty acids in
tracer amounts to determine turnover of plasma frec fatty acids, by
measurement of catecholamine sccretion during the hypotension period,
and by the use of propanolol, a beta blocking agent,

A study will measure the turnover of apoprotein of serum lipopro-
tcins as influenced by plasma ¢xpanders. The turnover of the apopro-
tein will be determined using sclenium -75. The latter isotope has
been shown to be extremely uscful when used in tracer amounts to
determine turnover of protcins,

RESULTS AND DISCUSSION OF RESULTS:

Three experiments have been performed on dogs in an attempt to
determine the mechanism by which the adrenal glands respond to
a reduction in blood pressures. In addition to the analyses of
catecholamines, plasma glucose and frce fatty acids, measure-
ments have becen made on blood pressure, heart rate and cardiac

output.

40



Metabolic Interrelationships (Con't)

CONCLUSIONS:

Three studies have been completed on dogs, dealing with the mechan-
isms of enhanced secretion of catecholamines during hypotension,
The analytical procedures for determination of catecholamines, free
fatty acids and cholesterol are now in operation.

While the proposed studies are deserving of further investigations,
this work unit is being terminated due to the departure of the princi-

pal investigator.

RECOMMENDATIONS:

None.
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ABSTRACT

PROJECT NO, 3A061101A91C In-House Laboratory Independent
Rescarch

WORK UNIT NO. 056 Behavioral Pharmacology and
Psychophysiology

The following work is being accomplished under this work unit:

STUDY NO. 1: Aversive va, Appectitive Conditioned
Responses to Drugs in Rats

A technique for the evaluation of drug ot nutritionally indiced body
states is being developed for rats and guinea pigs. The first part
of this study has been accomplished by studying the reactions of
guinea pigs to mepetridine hydrochloride (Demerol)s The study on
rats is in progress; after the completion of this half of the study,
the data obtained from the rats and guinea pigs will be evaluated,
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WORK UNIT NO, 056 Behavioral Pharmacology and
Psychophysiology

STUDY NO, 1 Aversive vs, Appetitive Con-
ditioned Respouses to Drugs
in Rats

PROBLEM:

There have been numerous attempts to condition drug effects to neutral
stimuli, These attempts have met with very limited success, A new
technique has been developed which appears to be highly successful in
pairing a neutral stimulus to a drug effect, Further, it appcears that
the subjects! (Ss?) reaction to the neutral stimulus after pairing can

be used as an index of their aversion or attraction to the active drug.
It is, therefore, the purpose of this series of studies to further
develop this evaluative technique and apply it to a variety of nutritional
and drug=induced states,

RESULTS AND DISCUSSION OF THE RESULTS:

There has not been an adequate amount of data analyzed to date to
warrant a full report of results, There have been indications, how-
ever, that this evaluative technique is successful, More data are
needed for a full discussion of these results,

CONCLUSIONS:

No conclusions ¢an be reached at this point in the rescarch,

RECOMMENDA TIONS:

This series of studies should be continued until this technique can
be cither fully accepted or rejected as an evaluative tool, If it is
accepted a specifie protocol will be establisiied to use the technique
to study nutritional deficits in humans,

PUBLICA TIONS:

None
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ABSTRACT

PROJECT NO, 3A061101A91C In-Hou«e Laboratory Independen:
Research

WORK UNIT NQ. 0587 Parameters Associated with
Learacd Avoidanc. Respondiag

The following iwestigation is being conducted under this work unit:

STUDY NO. 1t Elfects of Pre-Avoidance Shock, Over-
training, and Intersession Delay Upon
the Freqguency of an Active Avoidance
Response During Reacquisition in Rats

Training an organism to avoid a noxious stimulus can be accomplished
through the use of a laboratory procedurce in which the performance of
a motor response, made promptly after onset of a warning signal, pre-
vents the occurrence of the noxious stimulus, The avoidance paradigm
most frequently used consists of an initial phase for original training
of the avoidance response, a scecond phase for control of forgetting,
and a final phasc for assessing reacquisition of the avoidance response,

Primarily, the project will attempt to investigate variables associated
with learned avoidance behavior, Variables sclected for study include:
frequency of anticipatory motor response, amount of training and length
of intersession delay between acquisition and reacquisition,

At present, an initial protocol for the work unit has been approved and
all necessary cquipment has been ordered. No results have vet been

obtained,
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WORK UNIT NO. 057 Parameters Associated with Learned
Avoidance Responding

STUDY NO. 1 Effects of Pre-Avoidance Shock,
Overtraining, and Intersession Delay
Upon the Frequency of an Active
Avoidance Response During Reacqui-
sition in Rats

PROBLEM:

Numerous studies have attempted to assess the effect(s) that various
avoidance=training variables have on avoidance retention. In general,
evidence indicates the retention of an avoidance response is enhanced
if the avoidance response is similar to a previously acquired response,
if either few or many avoidance training trials are administered, and
if the length of time between acquisition and subsequent reacquisition
test of avoidance retention is short, Few, if any, attempts have been
made to study the interaction effects of avoidance training variables
already investigated, Of particular importance is the determination
of the optimal parametric levels for the experimental variables associ=
ated with avoidance retention, as well as the determination of the
interaction between number of avoidance training trials and the length
of the intersession, acquisition-reacquisition delay period.

RESULTS AND DISCUSSION:

Pilot studies designed to establish the procedure for manipulating
level of anticipatory-motor-responding (i. e., degree of similarity
between the avoidance response and a previously acquired response)
have been delaved due to lack of equipment.

CONCLUSIONS:
None
RECOMMENDA TIONS:

Continue the work unit until determination of the optimal parametric
levels for selected avoidance variables can be made.
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23. (U) Tech Objective: To determine the mode of radiation inactivation of lysozyme
and other enzymes and to develop ultramicro analytical procedures to facilitate this
work. Such information will be useful in better understanding radiation damage re-
sulting from cancer therapy, nuclear accidents, or military situations.

To increase
ays, such as transketolase assays for use

24. {U) Approach: Various chromatographic means are being used to separate and
characterize peptides from lysozyme radiation products.
are being developed to assess radiation damage in other enzxymes.
and ultra-filtration procedures will be employed to separate radiation products from
Cross-linking of peptide chains with bifuncticnal reagents

Automated enzymic assays
Chromatographic

enzymic activity against radiation.

ro amino acid analyses on columns and
cted to a useful stage for characterizing
cred dieulfide bridges have been isolated
rther purified and characteriaed. Auto-

mated assays for trypain, lysozyme and ribonuclease have been perfecteu greatly
facilitating radiation studies of these proteins and of crose-linked derivatives synthe-
Incrcased stability has been observed in several of these cross-
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ABSTRACT

PROJECT NO. JAQS1102871P Basic Research in Support of
Military Medicine

TASX NO. 01 Biochemistry

WORK UNIT NO. 038 : Molecular Biochemistry

The following investigations have been conducted under this work unit:
STUDY NO. 1 Radiation effects in biologically active proteins.
STUDY NO. 2 Radiation effect in small organic molecules.
STUDY NO. 3 Procedural development for amino acid and peptide analyses.
STUDY NO. 4 Procedural development for enzymic assays.

STUDY NO. 5 Stabilization of protein structures towaras destruction of
biological activity.

STUDY NO. 6 Relationships between protein conformation and biological
activity.

STUDY NO. 7 Enzymic activities during thiamine nutrition states.

1. Aggregation has been shown to be a major radiation-induced change in ribo-
nuclease, trypsin and lysozyme. Aggregates can be formed from active monomer
molecules and activity is retained in the aggregates so formed from both lysozyme
and trypsin in the presence of hydrogen sulfide gas.

2. New disulfide containing peptides have been isolated from an inactive insoluble
lysozyme aggregate formed during irradiation showing that disulfide bond rearrange-
ment does occur.

3. Analytical techniques have been perfected for measuring the products and ex-
tent of product formation from oxalic acid samples under the influence of ionizing

radiation.

4. Semi-automated procedures have been developed to obtain sotisfactory and re-
producible peptide yields from nydrolysates of lysozyme containing large cystine
peptides. Automated amino acid analyses at the level of 0.001 micromole are
being perfected for use in characterizing small amounts of peptides.
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5. Semsitive mowal procedures hove been adapted and are in use in deter-
miming N+ and C~termini in 0.001 micromole gquantities of peptides. These
procedures involve identification of donsy! amino acid derivotives from either
dansy loted peptides (N-terminus) or from corboxypeptidase-treated peptides
(C-terminus).

6. Completely auvtomated methad; have been devised for lysozyme and four
proteases which catalyzed hydrolysis of peptide bonds at pH 7.1. These methods
made possible extensive studies of radiation stability in lysozyme ond trypsin
derivotives.

7. Ribonuclease, trypsin and lysozyme have each been cross-linked with several
bifunctiona! reagents. Retention of native activity is good and, frequently,
increased stability is noted towards heat or radiation. This technique is being
explored in detail as the basis for a general radio-protective measure.

8. Proteolysis rotes have been used to detect configurational changes occurring
during radiation. A previously undetectable configuratianal change has been
noted in a radiation product having an aciivity, amino acid compasition and
chromatographic behavior identizal with that of native lysozyme.

9. Modifications have been proposed to improve the reliobitity of tronsketolase
assays an on indicator of thiamine nutrition states.
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WO3K UNIT NO. 058 Moleculor Biochemistry

STUDY NO. 1 ' Radiation Effects in Biologically
Active Proteins

PROBLEM:

The immediate objectives of this study are to purify and chemically choracterize
radiation products from trypsin, ribonuclease, lysozyme and soybean trypsin
inhibitoi. The ultimate goals are to thus determine the modes of radiation
inactivation in these and other enzyme proteins.

RESULTS AND DISCUSSION OF THE RESULTS:

Soluble and insoluble aggregates have been observed to be the principol inactive
products formed upon irradiating crystalline lysozyme, trypsin and ribonuclease
in vacuo. Soluble aggregates have been cleanly separated from active monomer
matericls by gel filtration on P-100 columns. This separation also permits quan-
titation of aggregate formation. Such products are formed in increased amounts
as a function of radiation dose indicating that oggregates are true radiation
products from these proteins.

The presence of H,3 during irradiation decreases aggregate yield from ribo-
nuclease but at least doubles aggregate yield from lysozyme and trypsin. In
the case of the latter two enzymes soluble aggregates produced in the presence
of HyS retain significant activity levels. These results indicate the free radical
scavenger, H,S, promotes aggregate formation from active monomers in which
free radicals have been produced by irradiation.

Studies have continued on characterization of the insoluble inactive aggregate
formed from lysozyme during irradiation. Previous studies in this Laboratory
indicated the probability of disulfide bond rearrangement as a major mode of
radiation domage. Accordingly, attention has been given to characterization
of disulfide containing peptides from partial enzymic hydrolysates of the inactive
insoluble lysozyme aggregate. An immediate difficulty was encountered in
obtaining o reproducible set of hydrolysis peptides from the radiation products
and from native lysozyme itself. This problem hos been partially resolved by
employing a prolonged digestion period of 2 days and a combination of pepsin
and alpha-chymotrypsin as the proteolytic agents. The remaining variability
appears to be due to two recogni zable factors: (1) voriations in the specificity
and activity of available chymotrypsin preparations and (2) variations in
chromatographic behavior of commercial phosphocellulose preparations used
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in large scale cciumn seporations of hydrolysote peptides. Both sources of
variation are now minimized by purchosing large quantities of the affected
mate-iols.

Hydrolysate peptides have been resolved into single entities and groups of

2 to 5 peptides on preparative phosphorylate cellulose columns. The peptide
fractions therefrom hove been charocterized in terms of size (Number of omins
acids present), arginine content, disulfide content and amide content. At

least two hydrolysate peptides from the inactive insoluble lysozyme aggregate
contain disulfide bonds and are not found in hydrolysates of native lysozyme.
This indicates the probability of ot least two disulfide bonds having been re-
arranged from their positions in native lysozyme. However, there still remains
the possibility of further disulfide bond rearrangements as well as other chemical
changes which may be responsible for loss of enzymic activity.

CONCLUSIONS:

Aggregation is o major radiotion change in ribonuclease, lysozyme and trypsin.
The extent of aggregation is offected by the presence of a gosecus free radical
scavenger, Hy5. Aggregotes can be formed from active monomer molecuies
and these molecular units retain some activity in the aggregates formed from

both lysozyme and trypsin.

New disulfide containing peptides have been isolated showing that disulfide
bond rearrongement does occur.

RECOMMENDATIONS:

'Current chromatographic techniques should be utilized in studies of possible
disulfide bond rearrongement in radiotion-produced aggregotes from trypsin

ond ribonuclease. Bzcause of well-known differences in amino acid sequence
ond chain conformation these enzymes must be studied in temms of optimum
proteolysis conditions to obtain reproducible high yields of constituent peptides.
The role and mode of aoggregation in other proteins needs to be assessed. In
particular, soybean trypsin inhibitor and sperm whale myoglobin will be studied.
The latter protein is of interest because it contains no cystine residues and thus
would not be expected to form aqgregotes by reorrangement of disulfide bridges.

PUBLICATIONS:

Stevens, C.O., Long, J.L., and Upiohn, D.R. Radiation produced aggregation
in crystalline preparations of ribonucleose, lysozyme ond trypsin. Proc. Soc.
Exp- Biol. Med. (in press).
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STUDY NO. 2 2odiation Effects in Small
. Orgonic Molecules

PROBLEM:

The current objective in this areo is to determine the extent and the products
of radiotion=induced decarboxylation in small mode! compnunds such as oxlic
ocid, aspartic ncid and glutumic ocid. Resulty of these studies mov be useful
in predicting the importonce of duecarboxylotion reoctions during rodiotion
inoctivotion of proteins.

RESULTS AND DISCUSSION OF THE RESULTS:

This is o collaborotive study with a professor and one graduote student ot the
Univensity of Denver. It hos been in progress for only 6 months sc thar only
prelimiinary results are ovuilable ot this time.

Approximately 400 samples of oxolic acid ond solts of oxolic acid have been
irmadiated in the cobalt—60 source. Gas chromatogrophy has been found 1o be
the most usefu! technique in separating and quontitoting the rudiction products
from o-@lic acid somples. The analytical technique perfected requires sbout

2 hours of operotor time per sample. Completion of sample anolyses is expected
to provide o bosis for postuloting mezhenisms for radiotion decotboxylation of
oxalic ocid.

CONCLUSIONS:

Preliminory studies have been in progress 8 months on on investigation of
rodiation-induced decarboxylation of oxalic acid. Anolytical technigues have
bean perfected.

RECOMMENDATIONS:

Continuation of present studies should be fruitful in the next fiscal yeor.

PUBLICATIONS:

None
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STUDY N3, 3 Pocadery! Deslooment or
Aming Acid and dapt g
Ancipes

PROBLEM:

The primory goots here are: (1) to devise more rapruducible procaedurss for
paptide sepatution and detection and B 1o devise more sensitive pracadisras
for datermining amine acid composition and amine acid end~grovps in groMaing
ond paptides. The smatl ariounty of peprides avaiiobie Rum mdicton sudivs
is fraquantly <o minute thot amine azid anolyse; would hesa 1o Be condoched
at the 1573 mole level. Limited avoilobility of anolptics! support int this oreo
dictutes proceduro! outomation when possible,

RESULTS ANID DISCUSSION DF THE RESULTS:

The cutbmated peptide ciciyzer system prodiced by Techdicon nos bean hedi Ted
1o achieve seporation sf cystine contoining paptide: in satisfctom pialds fom
proteslytic hydiviysotiss of lysozpme. A major modifcotion iv the use of phos-
phorploted cellulose columns and alution of these columns with ssdium aratgtia
boffsrs af pH volues no higher thon 5..5. Liorgs peutides, particuiorly, are not
bound as tightly to such celumns os they are 1o the palystrene based (on-
exchange resins nontielly employed.. Thus, o ssurce of low paptide recsuwsry

has been removed.  Limitstions howe been placed sn the pH of the eluting butfors
since disulfide bonds in mistures of lorgs cystine coniining paptides hase baen
obsarved tt rearmongs spontonesusly of pbt vslues above 7.8 to give rise ts new
artifoctunl sets of peptides. A margin of sofitiy is ollowed by not operating ‘n
the pHt raglen 3.5 o 2.8,

The Technicon peptide system hos Baen further modi fed by parfbraming the
outsmated ninhydrin color resction on aeffluent fractions from calwinng rathier
thon o8 o continuous flow messuramant on Hie effluent streom .. Doring ollaaiine
hydrolysis in the snalytical train ammonia is prodbced frum most! peptides con-
tuining amide groops. This gos production has been shserved s affsct aguarsely
the correfotion in fime between the hydrolyzed ond unhydrolyzad analytfcal
stvaoms o5 they are printed sot on the recorder.. This hos probobly isodirs
erronecus interpratotions o7 54 1 o gest. The Wime cornsiction farror i
Brosght under cerfin controd- ny the frection. collection and onelusis tschnigue .

The cutomatiad paptide systarm a5 modiSed hos parittad relioble detsction and
size estimotion in hydivl sotes contoining lorge cystine poptides. The systism
hos aiready besn pof fo use in ossessing rodiotion dbmage in iysozyme .
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Furthe selnwnent ol she o lyticy! procedure for oming aoids b posible.
Semgply susly sun be retuced by anothet 4ootor of 10 by mducing colpmn
dwmete mingl, ascotdingly, nwnaning buflen flow rate. The necesary mod-
Hisgtipn uw in progress.

Whe systen 41 puptide detnction smg sizing napd. 1o be oppliagd 4o othet protein
systang. Dingy such protein yieltl o different ond brigue 2ot of puptide: upon
Pt dyaiy suth protein pesent o new mwlyticn! pables. AHeiotion of the
bt ion bfl systen: oy avfice 40 1mplve paptide mibdures other than tho.e
@rizing tom lysozyme.

Likewmize, T speng desimble 4o gpply the methott ond expetisnce schipved tor
il ongd Cormiini idantification: in lyspzyr. paptide, 1o peptiths. iaploted fon
Ao lystisy of othe gotsin, ohemd by radiation.

FUBLICATION:

thione

STUDY 3T, 4 Frocedumu! Developpment o
Enzymic Hsagys

PROBLEM,

Thic wort fee buon ditngtud towerd, the 2uonation of existing monwg) procedue
for stgymils ugfivity ssoy: in Loses of snzyme buing subjected 4o rodiation o
otha nactivetting stisse.. Such swtonuted auoy: would permit examingtion of
radigtion 2Hect tor o lowge number of biologicolly active protein and, ferhop
Moy ingmrtand, brddn o Wider twntber of exprriments! conditions than are now
gensible.

RESOLTS a1 DsTUSSION OF THE ReSULTS:

A completely autometud provedure hee been devised for the nssoy ot tryptic
astivity. Cenen i the substresy smployad. Tryptic cotolyzed hydrolysic
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of peptide bund is toilowed by mwosuring the intreose n color obierved
vpon reoctivn with ainhydrin, Techricon modules were emp'oyed for sompting,
miring v! reoctonts, development of minhydiin colo and moitoring and
rpconding the ninhydrin color chonge:.. It was nacessory to empioy o Lauds
constant tompercture buth to achieve the precise rogulation of tempercture
@B7°C. 2 0.01°C.) desired during incubation of the enzyne somple with
substrate, Corrent capab:lity ot the method is 15 samples per hour. Results
gre reproducible within 29 ot g level of 1};;."}1.1. nolive rrypsin. . Without
use of this method studies of the radiotion stabilifies of 0 number of trypsin
deiivetives wowld not hiove been possible.  in several prelininary studies the
method aan been vsed with little or no olteration fo measure the peptidase
activities of olptio-chymotrypsin, pronose and subtilisin,

A completely automated method has ol been devised for assoying lytic activify
of lysozyme. The substiote used is not completely soluble being o swwspemiion of
lyophilized Micrococcus lysodeikticus cells. This noiossitotes mcintenance of
the substrote solution in g0 ice both ond continuows stirring to wssure comtancy
of substrate concentration. The decrsase in turbidity of the cell suspension
coussd by lysozyme somples is monitored in g Technicon colorimeter-resordar
combingtion ot 570 mu. A Louda constant tempezroture bath was required

for the desired precision in tempzrature regulation during substrote digestion.
Current method capability is 15 samples per hour. Results are reproducible
within 3% ot o level of 2 pg/ml native lysozyme. Agoin, this sutomated
method mode possible studies of the radiotion stability curves for various cross-
linked lysozyme derivatives.

Attempts are being mode to automa‘e ribonuclease ossays. However, the
pecopted manuol method require o precipitation step to remove undigestod
nucleic ocid ofter incubation with the enzyme somple. Replocement of this
pracipitation sten with dialysis has not vet resulted in o method with the
desired sensitivity o1 reproducibility.

CONCLUSIONS:

Automoted ussoy methods have been devised for lysozyme and four proteases
which catalyze peptide hydrolysis ot pH 7.1. These methods have adequate
senitivity and reprodacibility and have mode pousible extersive studies of
rodiotion stability in lysozyme and trypsin derivatives.

RECOMMENDATIONS:

Automated aisoy method: are desired for two odditional proteases, pepsin
and papcin. Ao, an gutomoted wsay procedure for soybeon trypsin inhibitor
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would facilitate radiation work on this material. Such automated assays should
be possible by relatively modest modification of the existing method for trypsin.
A refinement of the automated lysozyme assay would be possible by using a
soluble substrate such as glycol chitin. The method would then be on aincre
sound theoretical basis since the ly.is of this substrate by lysozyme more nearly
follows classic Michaelis-Menten kinetics.

PUBLICATIONS:

Stevens, C.O. An automated procedure for the measurement of lysozyme
activity. A manuscript in preparatian. )

STUDY NO. 5 Stabilization of Protein Structures
Towards Destruction of Biological
Activity

PROBLEM:

The principal aim is to develop a treatment of biologically active proteins to
promote increased stability in these compounds towards radiation damage or

other stresses. Emphasis here is being placed upon devising an approach that
may be more generally applicable to the broad classes of enzymes that occer

in cells rather than an approach specifically applicable to such things as enzymes
coataining an essential sulfydryl group.

KESULTS AND DISCUSSION OF THE RESULTS:

Since the existing disulfide bridges in most proteins are known to be dominant
stablilzing factors, it seemed profitable to explore the possibility of introducing
additional co-valent cross-links between amino acid residues in the native structure.
1§ this con be done without adversely affecting anzymic activity than such

links could be expected to confer increased stability towards possible modies of
radiation damuge such as chain fragmentation or disulfide bond interchange.

To this end we have chosen the direct approach of using bifunctional rzagents
which react with the epsilon-amino groups of lysyl side chains. Since the
distance between the lysyl side chaias in the protein molecule is ¢ governing
but unknown factor, it has been necessary to test at least several reagents
having functional groups separated by vorying distances. Three reagents have
been used extensively and ure listed with pertinent descriptive data below:
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Functional Distanice Between

Abbreviation Name Groups Functional Groups

in angstroms

PSC Phenol-2, 4~disulfony! 2 (~C-502C1) 9.6

chloride

FDP 1,5-Difluoro-2, 4- 2 (-C-F) 7.2
dinitrobenzene

FNPS p,p' -Difluoro~-m, m' -
dinitro-di phenyl-sulfone 2 (-C-F) 13.0

The distance between functional groupings has been estimated by construction
of space-filling molecular modals. FDP and FNPS are available from commercial
sources but PSC must be synthesized and purified in this laboratory prior to use.

Cross-linked derivatives of lysozyme have been prepared with all 3 reagents.
Products retain varying amounts of activity and need to be purified further since
they are probably mixtures of molecules having cross=-links at different places

i the molecule. The best retention of native activity has been observed upon
cross-linking iysozyme with PSC. The cross-links so introduced increase
stability to heat but exert no effect on radiation stability. Cross=linking with
FNPS5 does increase radiation stability significantly but cross-linking itself
results in about a 60% loss of native activity.

Results obtained upon cross-linking ribonuclease have been more notable.
Ninety per cent of native activity is retained during cross-linking with P5C
or FDP and both types of cross=links result in increased stability towards
radiation. Increased stability is more pronounced at high dose levels. Cross-
linking with PSC also confers increased heat stability on ribonuclease. The
use of FNPS as a cross-linking agent results in about 60% loss of native
ribonuclease activity. However, the cross-linked derivatives lose activity

at only about half the rate as does native ribonuclease when subjected to

radiation.

Trypsin has been cross=linked with PSC and the product retains 55% of the
native activity. This derivative requires a 40% larger radiation dse to achieve
the same inactivation seen in native trypsin by a given dose. Cross-linking

of trypsin has ulso been accomplished with FNPS . Again, retention of native
activity after cross-linking is poor but what little activity remains is destroyed
at about half the rate as in native trypsin as a function of radiation dose.
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Saybean trypsin inhibitor has been cross-linked with all three reagents. A
detailed study of radiation stability has nct yet been performed. An odequate
rapid assay for this protein is under development,

CONCLUSIONS:

It is clearly feasible to crass=link enzyme proteins and stili retain enzymic
activity. The activities of some of these cross=linked derivatives ore
markedly more stable tawords heat or ionizing radiation. This appr ach is,
therefore, a promising technique for improving stobility of enzyme proteins
towards denaturing stresses such as radiation or heat.

RECOMMENDATIONS:

The cross-linked derivatives of the 4 native proteins already prepared are
available for purificatian and characterization. |n particular it would be most
desirable ta know at least how many cross-links have been introduced into
purified derivatives. Amina acid analyses are in progress ta answer this
question. Hopefully the pasition of the ¢rass=links con also be determined

but this is a long term goal.

Ta prove the utility and the general application of this pratective technique
towards radiation damage, these studies should be extended to other enzyme
prateins. Pepsin, papain and sperm whale myoglobin are good condidates.

It is arvicipated that such studies can be performed with the technical assistance
of undergraduate and graduate students fram the University of Denver in a
cooperative progiom now being established,

Further attention needs to be given to the use of bifunctianal cross~linking
reagents ather than the three under current study. These three each contain
an aromatic ring. A reagent containing an aliphatic chain between the

two functional groups might be more easily talerated by both the enzymes and
as a drug in therapy - the ultimate potential application af these reagents.

PUBLICATIONS:

. Stevens, C.O., andlong, J.L., "4,4"-Difluoro-3,3"-dinitrophenylsulfone
as a cross-linking reogent far lysazyme", Proc. Soc. Exp. Biol. Med., in press.

2. Stevens, C.O., and Sauberlich, H.E., "Cross-Linking agents and
stabilization of lysozyme structure towards radiation”, Fed. Proc. 28, 899 (1969).
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3. Stevens, C.O., long, J.L., and Sauberlich, H.E., "Effects of peptide
chain cross-linking on enzymic activity", Proceedings of the Southwestern
Regional Meeting of tha American Association for the Advancement of Science,
Colorado Springs, Colorado, May, 1969 (Abstract).

STUDY NO. 6 Relationships between Protein
Conformation and Biological
Activity

PROBLEM:

This study is directed towards delineation of the 3~-dimensional structure of
proteins with particular attention to those structural aspacts essential to biclogical
activity. lonizing radiation along with other denaturing agents are regarded
here as experimental tools.

RESULTS AND DISCUSSION DF THE RESULTS:

Most proteins in tha native state are attacked slowly and only to a very limited
extent by proteolytic enzymes. If the disulfide bonds in these proteins are
cleaved to give an extendad chain coafiguration proteolysis occurs rapidly.
Denaturing agents such as heat have intermediate effects on digestion rates.

By studying proteolysis rates we have been able to make estimates of the
fraction of peptide bonds exposed to the environment upon subjecting an
enzyme molecule to a denaturing treatment.

The number of peptide bonds exposed to the environment and therefore
accessible to cleavaze by trypsin or pronase can be measured by following the
resulting increase in amino groups reactive with ninhydrin. The formation of
peptides soluble in trichloroacetic acid has also been followed during
proteolysis studies. Alterations in conformation have been detectable in six
radiation products formed from lysozyme. Among the six was one product
having almost the same enzymic activity as native lysozyme and exhibiting
chromatographic behavior identical with that of lysozyme. It has been observed
that a change in the rate of peptide bond cleavage is not always accompanied
by a change in the rate of proteolytic release of trichloroacetic acid soluble
peptides. The use of trypsin a; the protease most consistently reveals differences

between proteins being compared.

61



Molecular Biochamistry (Cont' d}

CONCLUSIONS:

Proteolysis rate studies have been useful in detecting configurational changes

occurring during irradiation. A suspected but previously unproven configurational

changz has been detected in o radiation prodsct formed from iysozyme. This

product has the same activity, amins acid content and chromatographic behavior

as native lysozyme.

RECOMMENDATIONS:

Resuits of proteolysis rate studies need to be supplemented with measurements
of side chain reactivities with raagents such as hydroxynitrobenzy! bromid.
for rryptophy! sid2 zhains and tetranitromethane fo: tyrosy! side chains. As
peptids bonds are exposed to the environment these side chainc inay also be
exposed but probably ot a differeat rate. Exposure of hryptopl /i side chains
to the environment usually results in disruption of the active sire in lysozyme.
Differences in rates of proteslysis and rates of exposure of tryp ohyl side
cnains as a function of heat o radiation dose could be used to talculate the
extent of unfolding parmissible without loss of octivity.

It will also be of interest to assess conformational chaages in zross-linked
enzyme preparations being synthesized in another study. Such preparations

have been found to be more stable than native forms towards denaturing agents.

If conformationci changes in =ross~linked derivatives also ozcur to a lesser
degree than in native 2nzyme such information would provide o clearer insight
into the dagrez of dependence of activity on soaformational structure.

PUBLICATIONS:

products from gammo~irradiated enzymes'", submitted to Radiation Research for
publication.

STUDY NO. 7 Enzymic Activities During
Thiamine Nu*rition States

PROBLEM:
The aim here is fo devise and evaluate an assay procedure which measures

erythrocyte transketolase activity alone. The presently used aszy procedure
actually measu:as the net action of three enzymes: pentose isomerase, pzniose
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Molecular Biochemistry (Cont' d)

epimerase and transketolase. The unproven assumption is mada that transketolase

is tha rote-limiting reaction.

RESULTS AND DISCUSSION OF THE RESULTS:

The addition of substrate amounts of xylulose-5-phosphate to the transketolase
assay system would be the most direct soiution to the problem as stated above.
However, the cost of this material has been d2termined to be prohibitive
particularly for widespread clirizal use of the procedure.

An extensive literature search reveals thet it is time-consuming but feasibie

to prepare a concentrated solution of pantose isomerase ond pentose =pimerase.

This preparotion can then be added to the incubation mixture to be certain
that non-rate-limiting quontities of these two enzymes are present during the
aisay incubation period. This second approach is probably the only prastical
solution to the problem at present.

CONCLUSIONS:

— iy 2 ot g

Concentrated pentose isomerase and pentose epimerase preparations can be
used to improve the reliability of tramsketolase assays as an indicator of
thiaminz nutrition states.

RECOMMENDATIONS:

The proposed modifications of the presently used tramsketolaie procedure
should be tested experimentally as technical assistance permits.

PUBLICATIONS:

None.
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ABSTRACT

PROJECT NO. 3A0BLIOZBP Basic Research in Support
of Military Medicine

TASK NO. 1 Biochemistry

WORK UNIT NO, 059 Bagic Studies in Lipids

The following investigarions have been conducted under this work unit:

STUDY NO. 1: To determine the effect of varying carbohydrate
diets on serum lipids in normal men.

STUDY NO. 2: To determine the effect of varying carbohydrate
diets on serum lipids in rats.

STUDY NO. 3: To determine the mechanisms whereby disorders
of carbohydrate-induced hypertriglyceridemia occur.

STUDY NO. 4: To determine the factors which regulate blood
glucose in normal individuals and patients with
abnormalities of biood glucose regulation,

STUDY NO. 5. Toprepare bile steroid intermediates by chemical
synthesis,

Abstract. Human liver was obtxined fromw. patients undergoing chole~
cystectomy and the capacity to metabolize fructose and glucose was
determined. Informed consent was obfained from each of the patients
from whom liver was obtzined. The capacity of human liver for the
glycolysis of fructose was greater than that for glucose., Fructose
was rmetabolized to fatly acids, carbon &oxide and glyceride-glycerci
at a greater rate than glucose. The conversion of glucose fo fatty
acids was dependent on the miedium glucose concentration. These
resuits are similar to those previously obtained for the rat.

n normal men fed sucrose serum triglycevides imcreased. There is

a variable pattern of response in that some individuals inerease serum
trigiycerides early whereas, in ofhers, the peak of triglycerides occurs
later, ¥ body weight 1s kept constant hypertriglyceridemia ocewrs.

In one individual where body weight declimed hypertriglyceridemia

did not occur with ¥ high sucrose dretf. Clofibrate treatment during
dietary-induced hypertrigivceridemia generally had no effect.
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Basic Studies i Bapids (contd.

The adianistration of clofibrate. 2 arans per day. o aovmal males
decreased the activity of jejunal glucokimase, slwose-g-phosphare
dehpdrogenase, fructokinase and froctose- -phospaate and fravtiose- 1,
6-dinvhosphiurte aldblases, This cifect s specilic srwce B-phasptolise on
acid depypditonenase and hexokinase actrtities were not alleped. Pr
rats fed clofibrate the following enzymes were deeraased: fraetose- |,
8- diphosphate aldotase, gluvose-6-phosphate debiparosdnase, and
aceryl coenzyme & carboxplase. NADP-maare Gonpdrag nase was
significantly increased in the clofibrate -fed rat. W anmaes ted
clofibrate. whether they were on a fructose or & glucose diet, (feope
was a signifrcant decrease m hepatic glvcogen. RANGASOIOPES Wepe
used to demonstrate the decreased conversion of glucase and fravtose
into glypeowen,

Porassiuny therap) given to six obese patrents under om 3 twy

weelt fast led to a significant improverient mv glucose tolerance,

This inmprovement was associated with earlier and greatey plesia
insulin responses. Fasting for two weeks with no polassiom produced
no significant change in glacose tolerance.  Fasting with porassiam
supplementation maintained normal potassivw Balance aod praduo ed

a slight rise in total body potassivii. When patients were rasted
without potassium a statistically signiticant negative polassivm brigace
Geveloped ang the total budy potassiom fell sygnwicantly. B¢ appears
that potassium depletion during fasting plays a signiticant poie i the
deterioration of glucose folerance. I healthy non-obess poyaal males,
fasting for 48 hours produced an abaornal glucose tolerance test

which progressed it severity as the fast was prolonged to W2 and 98
hours, Aftey fasting resting plasma insulin valives fell and the pesporse
during the glucose tolerance test was delayed.  Durmg a siv day

period of refeeding after fasting the glucose tolerance test still differed
significantly froiin coitrol tests &l ond day,. A two, Theee end fowe
days the glucose tolerance test was normal but became abnormal on
days 5 and 6. When eight normal subjects were fed a 300 caloyie

diet containing 85 grams of carbohypdrate for three dayps no sbgnitic ant
alteration of the gliwcose tolerance test developed.

In oxder to study bile sithesis it ¥s necessary o prepare Hile steyoid
infermediates,. For a Jong period of time we have bren attem primy
to prepare some of fhe bile steroid infer mediates leading from
cholesierol to cholic acid. We have now devised a procediure whie x
is not yet perfected. but which is partly successtal in providing sonve
of the bile steyoid intermediates whir? Can be used to prepare other




Buagiie Staties i Rupiidis (cond )

ey wedivies, Thie will give ¥ raange of subutanges whish cam he
wse fox the stady of the Diosprdbesis of dhe vaziows Bl sdevoids.
The: meilod sl repuizes perfection of ipolation of fhe variouy ixdey -
rediinsies it dhe chemical spadiuesin 3o thud pure sobstantes can by
wsed for et pasrticwilag siep.
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BOLRY OF REPOK]T
WORE UNIT NG, Do Bawsc Bludhes an Lipids

BETTDR N, 1A Tu deternine the ¢lfoct of

varyinge carbobny drate dicte

on Eerum Lpids in normal
LICL,

PROBLEM:

I ohas previously been detery ined Ut the hyperriplyvecriden s 1iat
aareiry Wit dhetary Carbabydrate 1o sals and pwn dnd paticnts with
wadopenous Inpertrigly ceridewds (so-salled carbobydrate-induced
Bypertsapdyaarsdenaad) depends on the 1ype and aopount of dictary
capdrabny diate, Beocalorsc an ownls of Jroctose Or sUCroLe ey Invroage
pPlasna trigdyceride copremration 1o levels predtor than with pun-
Iructopse COnlAimng, supers, Sludies an yat Uver andicated that one
pussible reason Jor the didderenes bhotween the elfect of plucose

and fructuse on plasn @ i5ighy ceride concentration was Ut jructusc
Wis @ Doty procursor of hepadsc Jally geids. The didferepccin

dhe comeyion o Iructose and glucose 1o Jatly 20ds was related to
dhe dxc1 that the pate of bepadic plycolysies Of Jrpdiose was pryeater than
that dor glucese, By dncreasing the rate a1 which plucose copld be
anctadolized one could ingroase 1he rate of comarsion o plucuse 19
laddy acides. Thus 3 dWdieredial conversion of supdrs 10 hepatic

1Aty acidge could be wne U Uie swochusns for the dbserved didieron-
L) eddvcts of difderent sugasrs ol plasma {raglycoride conceptration
inwman, o order 10 exanune this possilolity. studies were done
measuring the rate of incorporation o H&; =iruclope and ML{,- plucuse
Bl ety acitls. ghyoeride-plycero) dand (,Oz and the activitios o)
Dol c enzymes wers seasured Ju huan Lver.

RESULTS AND DRSCUSSIONS OF THE RESULTS:

Bsoan livesr was oblained 1gon patients undergoing, elective choles
cystecioury adter infuried coment was abigined,  The liver Ussue was
thien asszyed for various fruciope and plucose suetabolizing enzymeds,
It was found 12wd phosphourylation of iruciese by fruciokindss wag

w e dhan S-fold greater than the tota) activity dor plucose phos-
phorylation by glucdkinase and besokinase. Froclokinase, snoasusred
in s human Nyers had an activity of 27.4 4 3.6 mamoles o) subsirate
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Basic Studies in Lipids (cont'd)

metabolized min. mg of protein while total phosphorylation by
glucokinase and hexokinase amounted to 4. 89 mumoles of substrate
metabolized min. , mg of protein in the same six livers. The
dclivities of phosphofructokinase, fructose-1. 6-diphosphate aldolase.
pyruvate Kinase, fructose-l-phosphate aldolase. trivkinase and
NADH and NADPH alcohol dehydropenases were measured.  The
rate limiting step appeared to be at glucokinase and hexokinase,

If lipogenesis is related 1o glycolytic rate then the conversion of
fructose to fatly acids should be greater than that for glucose.

This was tested by incubating liver slices with radioisotopically-
labelled fructose and glucuse, In each of four experiments {ructose
was converted to a greater degree than plucose to fatly acids, carbon
diuxide and glyceride-glycerol, This increased conversion of iructose
. tufatly acids as compared to glucouse could not be accounted for by
breakdown of glycogen since fruciose was metabolized {o glycogen to
a greater degree than glucose, By increasing the concentration of
glucose in the medium of incubated human liver slices one could
increase the content of fatty acids, carbon dioxide. and glyceride-
glycerol production. Thus in one experiment a concentration of
glucose of 5 mumole led {o the formation of 17 mumoles of glucose
recovered as fatty acid, gram of liver, 90 minutes of incubation.
whereas 2 10 mmole concentration gave rise to 30. 4 and a 30 mmole
plucose copcentration gave rise 1o 57. 6 mumoles of glucose
converted 1o fatty acid, gram of lver/90 minutes of incubation.

These resulls indicate that the cuntrol of fatty acid production from
glucose is more closely regulated at the glucokinase and hexokinase
steps. It must also be taken into consideration that phosphofructokinase
is a putential comrolling siep. even though the data show that phos-
phofructokinase in vitiro has the same activity as {ructokinase, It

is possible that, in vivo, because of the allosteric properties of
phosphofrvctokinase, the activity is much less than seen in the

in vitro assay. These observed effects of glucose and fruciose in
human liver {issue are casistent with the predictions derived from

a consideration of the differential conversion of fructose and

glucose Lo fatty acids and the effect of glucose concentration un hepatic
fatty acid synthesis.

CONCIUSIONS:

This study has shown that the differential conversion of glucose and
iructose to fatty acids in human tissue is consistent with the idea
that fructose is metabolized at a greater rate to lipogenic subsirates
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Basic 3fudies in Lipids (cont'd)

than is glucose. Glucose is controlled at the glucokinase. hexokinase
and potentially at the phosphofructokinase steps. Whereas fruclose
by-passcs these steps at a much greater rate and is converted (o
lipogenic substrates at a much greater rate of glucose because of

the inherent capacity of the metabolic pathway. These results in
human liver are similar to those found in the rat and are consistent
with studies in which dietary sucrose increases serum triglyceride
concentration to a greater rate in human volunteers than an isocaloric
amount of glucose.

RECOMMENDA TIONS:

These studies should be followed with an attempt to explain what

is the ideal dietary-carbohydrate subsirate for man. Whether trere
are individual variations in the handling of sucrose-containing foods
such that adverse effects may occur in time in some individuals is
not yet known, Further attempts should be made to explore th
mechanisms controlling the formation of lipids from carbohydrate
sources,

PUBLICATIONS:

. Zakim, D., R.H. Herman and W, C. Gordon, Jr. The conversion
of glucose and fructose to fatty acids in the human liver. Biochem.
Med. 1969, in press.

STUDY NO. 1B To determine the effect
of varying carbohydrate
diets on serum lipids in
normal men.

PROBLEM:

The feeding of large amounts of carbonydrates to normal subjects lead
to an increase in th plasma triglyceride concentration. In a large
number of patients with hypertriglyceridemia there is a direct
relationship between the plasma triglyceride concentration and the
carbohydrate content of the diet, Clofibrate has been effective in
reducing the plasira lipid concentration in patients with endogenous

(or carbohydrate-induced) hypertriglyceridemia. Because of the
important action of this drug it is necessary to know what action

this drug has on the plasma lipid concentration in normal individuals
with carbohydrate-induced hypertriglyceridemia., For this reason
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Basic Studies in Lipids (cont'd)

normal n:ale volunteers were given high sucrose diets and then treated
with clofibrate to see the effect on the serum triglyceride levels.

RESULTS AND DISCUSSIONS OF THE RESULTS:

Four normal male subjects were placed on a 2800 calorie diet containing
40': of calcries as sucrose, 17% as casein, and 43'% as corn oil for
three days. On the fourth day the content of sucrose was increased to
80 with a reciprocal decrease in the corn oil calories. Serum tri-
glyceride was determincd periodically. After six months the same
diets were repeated but the individuals were given 2 grams of clofibrate
for one week. 1In each of the four subjects there was a large increase
in the serum triglyceride concentration when the 80'; sucrose diet was
fed. The administration of clofibrate for one week had no effect on
serum triglyceride concentrations while the subjects ingested an

ad libitum diet. When the diets were switched from ad libitum to a

40'% sucrose diet there was no change in the serum triglyceride con-
centration. However with the B0'% sucrose diet plus clofibrate therapy
there was an increase in the serum triglyceride concentration equal

to that seen with sucrose alone. In one subject the peak serum tri-
glyceride concentration was greater with clofibrate than without clo-
fibrate. When clofibrate was discontinued there was an increase in

- serum triglyceride concentrations in three of the subjects whercas

the triglyceride concentrations fell slowly in the fourth subject.

CONCLUSIONS:

Present studies show that sucrose-induced hypertriglyceridemia in
normal males is not prevented by the admi nistration of clofibrate in

a dosage which lowers the serum triglyceride concentration in patients
with endogenous hypertriglyceridemia. The results do suggest that in
some normal individuals clofibrate may diminish the triglyceridemic
response to sucrose, However, at the beginning of the study when the
individuals were eating an ad libitum diet, clofibrate did not lower
serum triglyceride concentrations, Whatever the mechanism of
ciofibrate action is, it does not seem to be relied to the meci:anism

whereby sucrose increases serum triglycerides in normal human males.

RECOMMENDATIONS:

Other hypotheses concerning the mechanism of clofibrate should be
entertained. Preliminary data seems to suggest that clofibrate inter-
feres with the recirculation of plasma triglycerides. It is premature,

n
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Basic Swdies in Lipids (cont'd)

at this time, to draw firm conclusions as to-the mechanism of action
of clofibrate.

PUBLICATIONS:

l. Zakim, D. and R.H. Herman. The effect of clofibrate on the serum
triglyceride concentration in normal males fed high sucrose diets.
J. Ather. Res. 1969, in press.

STUDY NO. 1C To determine the effect of
varying carbohydrate diets
on serum lipids in normal
human men.

PROBLEM:

Because of the effect of clofibrate in lowering serum triglyceride
levels in patients with hypertriglyceridemia it seemed to be of
importance to determine the effect of clofibrate and various enzymes
in humans. Since human liver is generally inaccessible, particularly
in normal individuals, it was decided to study the effect of clofibrate
on gastrointestinal enzymes since jejunal tissue is accessible for
investigation. Therefore, in individuals given clofibrate to

determine the effect on sucrose-in.cuced hypertriglyceridemia, jejunal
biopsies were obtained and various enzymes in jejunal tissue were
measured.

RESULTS AND DISCUSSION OF THE RESULTS:

In normal males fed 80% sucrose and then given clofibrate it was found
that glucose-6-phosphate dehydrogenase, but not 6-phosphogluconic acid
dehydrogenase, was decreased by clofibrate in human jejunum. There
was some decrease in jejunal glucokinase but no effect on jejunal
hexokinase. Fructokinase, fructose-1-phosphate and fructose 1, 6-diphos-
phate aldolases were also decreased in activity.

CONCLUSIONS:

The differential response of enzymes to clofibrate suggests that there
is a group of enzymes sensitive to clofibrate while another group is
resistant. A fruitful approach to the mechanism of action of clofibrate
would be in studying the effect of clofibrate on varying enzymes involved
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Basic Studies in Lipids (cont'd)

in the regulation of serum lipid levels. These studies demonstrate an
approach to the study of drug action in the human. Since jejunal tissue
can be easily obtained it would be simple then to measure the effect

of various kinds of drugs in man on jejunal enzymes.

RECOMMENDATIONS:

Further studies on jejunal enzymes and the effect of drugs should be
undertaken,

PUBLICATIONS:

1. Zakim, D., R.H. Herman, N.S, Rosensweig and F, B, Stifel.
Clofibrate- 1nduced changes in the activity of human mtestinal enzymes.
Gastroenterology 56: 496, 1969,

STUDY NO, 2A To determine the effect of

varying carbohydrate diets
on serum lipids in rats.

PROBLEM:

Studies were undertaken in the rat to study the effect of clofibrate
on the glycolytic enzymes and lipogenic enzymes on a high carbohydrate
diet.

RESULTS AND DISCUSSION OF THE RESULTS:

The effect of clofibrate on glycogen and various glycolytic and lipogenic
enzymes was investigated in rats fed a 70% fructose diet. It was found
that the following enzymes were significantly decreased in activity in

the clofibrate fed animals: fructose-l, 6--diphosphate aldolase, glucose-6-
phosphate dehydrogenase and acetyl-CoA carboxylase, NADP-malate
dehydrogenase was significantly increased in the clofibrate fed animals.
No change occurred in hexokinase, 6-phosphogluconic acid dehydrogenase
and citrate cleavage enzymes in the liver of clofibrate-fed animals. In
clofibrate-treated animals fed fructose or glucose there was significantly
" less hepatic glycogen per 100 grams of liver as compared to those
animals not fed clofibrate. Animals pair-fed fructose diets,with or
without clofibrate, had no significant difference in the hepatic glycogen
content, In rat liver slices fructose was converted to glycogen quite

well in non-clofibrate fed animals and to a greater degree than was
glucose. However, in fructose and clofibrate-fed animals both fructose
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Basic Studies in Lipids (cont'd)

and glucose were converted very poorly to glycogen in liver slices.
Similar results were found for glucose and glucose plus clofibrate-fed
animals. That is, liver slices from the glucose fed animals converted
fructose to glycogen to a greater degree than glucose whereas in liver
slices from glucose and clofibrate-fed animals both fructose and
glucose were converted very poorly to glycogen, The same was true
whether the aninials were pair-fed or not.

CONCLUSIONS:

This study in rats parallels that carried out in human jejunal tissue

and demonstrates a specific effect of clofibrate on various enzymes

in rat liver. Other enzymes are unaffected while the formation of
glycogen from fructose and glucose in clofibrate-fed animals is inhibited.

RECOMMENDATIONS:

The mechanism of clofibrate inhibition of { lycogen synthesis should
be investigated further to see whether this will account for the
mechanism of action of clofibrate.

PUBLICATIONS:

. Zakim, D., R.S. Pardini and R, H. Herman. The effect of clofibrate
{(ethyl-chlorophenoxyisobutyrate) treatment on glycolytic and lipogenic
enzymes and hepatic glycogen synthesis in the rat. Biochem. Pharmacol,
1969, accepted for publication.

2. Herman, R.H., D, Zakim anc F, B, Stifel. Effect of diet on lipid

.
i 1 i ¥ r 1080 +~ h
metabholiem in exnerimental animals and Tod, Proc A ha

™Mnan »
“aps A AdBANAAVGRA AAilrte ALACARLy e AWVU, LU MUY,

published.

STUDY NO. 2B To determine the effect of
varying carbohydrate diets
on serum lipids in rats,

PROBLEM:

Studies done previously showed that feeding a diet containing a large
amount of fructose or sucrose did not increase the alpha-glycero-
phosphate concentration in rat liver in comparison to glucose or rat
chow feeding. Other workers indicated that alpha-glycerophosphate is
a quantitatively important metabolic product of fructose metabolism.
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Basic Studies in Lipids {cont'd)

There is data in the literature to suggest that fructese produces

more glyceride-glycerol than does glucose. In our studies the aniraals
were fed ad libitum whereas the ciher investigators administered
fructose by injection. Thus, we have investizated the effect of acute
fructose loads on the hepatic alpha-glycerophosphate concentration in
the rat liver., The data was compared with that for glucose injection.

RESULTS AND DISCUSSION OF THE RESULTS:

The intravenous injection of fructose (200 or 400 mg) into anesthetized
rats leads to a prompt increase in hepatic alpha-glycerophosphate con-
centration. This increase is transient since the alpha-glycerophosphate
concentration cannot be due to lack of substrate for fructokinase

since the fructose concentration in the plasma is sufficiently elevated.
Changes in the hepatic pyruvate concentration after intravenous
fructose were parallel to those for alpha-glycerophosphate. Glucose
injection did not lead to an early increase in hepatic alpha-glycero-
phosphate concentration, However, twenty minutes after the intravenous
glucose the hepatic alpha-glycerophosphate concentration was nearly
two~fold greater than the control values.

CONCLUSIONS:

These data indicate that the effects of fructose on hepatic fatty acid
metabolism cannot be related to sustained increases in hepatic alpha-
glycerophosphate concentration. These data also show that under
certain conditions the concentration of hepatic alpha-glycerophosphate
may be greater after glucose than after fructose administration.

RECOMMENDA TIONS:

Investigation of the differential handling of glucose and frg'mtose by
man and rat should be continued, '

PUBLICATIONS:

1. Zakim, D, and R.H. Herman, The effect of intravenous fructose and
glucose on the hepatic alpha-glycerophosphate concentration in the rat.
Biochem. Biophys. Acta 165: 374, 1968,

2. Zakim, D. and R.H. Herman, Regulation of fatty acid synthesis.
Amer. J. Clin, Natr. 22: 200, 1968,
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Basic Studies in Lipids (cont'd)

STUDY NO. 3 Yo determine the mechanisms
whereby disorders of carbohy-
dralc ~induced hypertrigly-
ceridomia occur.

PROBLEM:

Patients with endogenous Larbohydrate-induced) hypertriglyceridemia
have a serious defect in the regulation of serum triglycerides when
&Kposed to dietary carbohydrate. Identification of this defect should
tead to more rational therapy of the hypertriglyceridemic state and
prevention of the untoward sequela which may occur., It may provide
urderstanding of the mechanisms whereby serum triglycerides are
regulated and a determination of the necessity of maintaining serum
triglycerides at a specified level in any given individual. Metabolic
studies in patients with various types of hypertriglyceridemia have been
undertaken,

RESULTS AND DISCUSSION OF THE RESULTS:

Patients with carbohydrate-induced or endogenous hypertriglyceridemia
have been studied, The studies to date are incomplete but have been
designed first to prove that the patient has carbohydrate-induced
hypertriglyceridemia and second that the individual responds to
ciofibrate therapy, The various parameters that have been studied
in these patients include: glucose tolerance test with glucose and
insulin levels, serum triglycerides on specific carbohydrate diets
with and without clofibrate, serum: lipoprotein patterns before and
during ciofibrate therapy, and level of jejunal glycolytic enzymes
before and during clofibrate therapy. Later the ability to mobilize
free fatty acids with appropriate stimuli before and during clofibrate
therapy will be examined.

CONCLUSIONS:
At the present time data are being collected and analyzed, hence no
conclusions are possible. A number of patients with endogenous

hypertriglyceridemia who respond to clofibrate have been located
and will be studied.

RECOMMENDATIONS:

When the final results oi these studies have been tabulated and
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analyzed the mechanism of action of clofitwate may He apparent and
a reasonable working hypothesis of the na“are of the defect in hyper-
triglyceridemia may be derived.

FUBLICATIONS:

None.

STUDY NO. 4A To determine the factors
which regulate blood glucose
in normal individaals and
patients with abnor¥ malities
of brood ghicose regulation.

PROBLEM:

During the starvation of obese individuals it is known that the glucose
tolerance test becomes abnormal. It is postulated that the negative
potassium balance of starvation may be responsibie for this abnormalify,
if so, supplementation with polassium during fasting may correct the
abnor mal glucose tolerance tests due to starvation. Accordingly,

obese patients under going starvation for weight reduction were studied,
with and without dietary polassium supplementation,

RESULTS AND DISCUSSION OF THE RESULTS:

Potassium supplementation during a two week fast was associated with
a significant improvement in the glucose tolerance test in six obese
patients. Plasma glucose values were statistically significantly lower
at 0, 90 and 120 minutes when compared to control glucose foterance
tests performed at the beginning of the fast. This improvement was asso-
cizted with earlier and greater plasma insulin responses than observed
when no potassium was given. Fasting for two weeks without potassium
produced no significant change in glucose tolerance, Potassium balance
in fasting subjects receiving the potassium supplementation was nor mal.
There was no correlation between plasma free fatly acid values and
glucose tolerance,

CONCLUSIONS:

This study suggests that the abnorw ality of glucose tolerance in obese
individuals undergoing starvafion is reiated in part to a negative
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potassium badance and that swpole rrentation Witk wotassium leads to @
positive balance and an improven ent in gincose tolerance.

RECOMMESDA TIONS:

This association between potassyvn balance and saueose tole rane e
snowld be further studied. Polassium is necessary for protein
somthesis and in particwlar for enzyme synthesis. Fhence. the ability
to hancle a glucose Joad nay be dewendent wpors the i aitdenanee of
ghuwcose metabolizing enzym es which ih part may Yeguire @ vositive
polassivw. balance. This may be of irmportance in individuals wadker-
zoing starvation auting weight reduction progyrams, Accordingly .
purther studies are comemplated,

PUBLICATIONS:

Ancerson, J.W.. R.H. Herman, K. L. Newcower. Improvement in
giEcose tolerance of obese patients aficy fasting when given polassiun
supplew.entation. Amer. J. Clin. Rutr. 1960, accepted for publication,

STUDY RO, 4B To deter mine the factors
whicl regulate blood glycose
v normal individuals and
atients with abnor iv alities
of blood glucose regulation.

PROBLEM:

Glucose tojerance becomes a!mlom al in obese veople being fasted and

ICNSPRPRY PR 1 WOV PP L NAPRPURY FY )1 [ SFVLYE PRUNS PURP PP

1:7 lU'k lt’\.Lt’U l’)l LMQ&UIU!H’J D!H’LC' ld‘lL!l’l’& ll'! kh}! nrar !PMIV!L!‘UQ‘!D f- 3 54V 4
gives rise to an abnorval glucose tolerance test, a stody was conducted
t > determine the effect of lasting and refeeding on the glucose tolerance
of aormal individuals. Tn acdition. the eftect of small amounts of
carbolydrate calories on the glucose tolerance test during an otherwise
redueed calorie intake was investigated,

RESULTS AND DIBCU3SION OF THE RESULTS:

The changes in the glicose tolerance test of healthy non-obese w.ale
volunteers was studied duting petiods of tasting. refeeding and wnlle on
a 500 calorie diet, Fasting for 48 hours produced an abnorr 2l glucose
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toletance test which progeessed iy severity whon the fast was projonged
to 72 and 96 howrs. After fasting with refeeding the glucose tolerance
test still was abmorpal at day 1. The glucose tolerance test became
normal at dags 2. 3 and 4 and did ot ditler trom the comtrol glugose
tolerance fest, Ow dass 3 ang € the glucose tolerance test becan e
distinetly abnormal, These abnormal glucose tolerance ests oecur A
a e when the subjects were Josing weight and were i negative
sodiun balance, When eight normal subjects were fed 4 500 calorie
diet containing & grams of carboydrate for three days no significant
alteration of the glucose Wlerance test developed,

CORCLUBIONS AND DISCUSSION:

The abnormality of glucose tolerance which occurs during fasting and
is prevented by feeding suggests that the glucose tolerance in part is
regulated by enzyme levels v tissues which wiilize glucose, X is

necessaAry to maintain enzyme levels to retabolize glucose at the normial

tate, Fasting may Jead 1o a decredse in enzyme Jevels so that an acute
giveose Joad cannot be handicd during the fasting stale (o the san.e
dogree as during the fed stale, The increasing intolerance lo glucose
oceurring during fasting wouid then be correlated with a deesease in
the ewzyme levels in the body presumably in the liver, The abnor-
mality of glucose tolerance occurring during the first day of refeeding
would refiect the tire Feguired for induction of enzymes by the dictary
subsirates, The reappearatice of an abnormal glucose lolerance test
during days 5 and 6 is unexplained at the oresent time. These con-
cepts are further strengihened by the fact thal glucose intolerance was
prevented by feeding only 500 calories., These resulls are consistent
with the & that shows that dictary subsirates increase hevatic
enzymes in the ras and increase glycolylic enzymes in the human
jeyunal epithehal cell,

RECOMMENDATIONS:

These studies should be comtinged (o fusther elucidite what specific
enzymes are altered as a resull of fasting and refeeding and the
mechanisms whereby diet maintains tissue enzyme levels,
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PUBLICATIONS:

Anderson, J.W, ane R H. Herman, The effect of fasting and refeeding
on the glucose Wierance of normal men, Metabolisn, submitied for
publication,

STUDY NO, 5 Tou prepare bile steroid
intermediates by chemicai
symthesis.

PROBLEM:

The synthesis of cholic and chenodeosycholic acids from cholesteral
in the liver and the reguliation of such biosynthesis is being studied
in this Laboratory, The exact steps in the biosynthetic pathway are
nol completely known and the reguliatory mechanisms are soorly
known, The requirement for bile steroid production is unknown,

It is known that bile salls are important for the emulsification of
dictary substances in the gastrointestinal tract, but the exact
function of bile acids is unknown, In order to study these problems
it i» necessary to have bile steroid intermediates avajlable, 1In
general these are difficult (o obtain, We are attempting the chemicai
synthesis of bile steroid inermediates to provide material for studies
of the biosynthetic pathways and the mechanisms regulating the
pathway, Feeding studies will be conducted with these substances

to evaluate the effect on the gastrointestinal (ract,

RESULT3 AND DISCUSSION OF TYE RESULTS:

The {ollowing chemlcal steps are being followed in order (o prepare
various bile steroid intermediates:
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The Chemical Synihesis of Bile Steroid Intermediate b
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CONCLUSIONS:

Utilization of this particular sct of steps has resuited in the formation
of some of the cholic aldehyde, The Reformatsky reaction was not as
efficient as it should have been since the aldehyde was nol completely
separated from the aleohol., Nevertheless a sniali amount of the bile
steroid intermediate, trihydroxycoprosianic acid, was preparced.

It has been concluded that each particular intermediate should be
purifica belore the next step is carried out, partlicularly before
carrying out the Reformatsky reaction, ’

RECOMMENDA I'TONS:

This synthesis has proven to be particularly difficult; nevertheless,
CPT Gilbert P. Anderson, Chemistry Division, has becn carrying
out these studies for the past year and a half and has made excellent
progress. Although the chemical problem has not been completely
solved, the basic problem itself is solved. Concerted efiort to
accomplish the synthesis of these difficult substances is necessary.

¥

PUBLICATIONS:

None.
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ABSTRACT
PROJECT NO. 3A061102871P Basic Research in Support of
< Military Medicine
TASK NO. 01 Biochemistry
WORK UNIT NO. 060 Basic Studies of Nirition and

Metabolism
Tha following investigation: have been conducted under this work unit:

STUDY NO. 1 Assess the role of vitamin D in promoting the absorption
of calcium across the wall of the rat's small intestine.

STUDY NQO. 2 Study on the effects of amino acid deficiency, hormones
and other factors on rat liver polysomes and amino acid
incorporation.

STUDY NO. 3 Studies on minzral metobolism and interactions.

1. Vitamin D con increase the transport of calcium across the intestinal wall of
a D-deficient rat; the administration of actinomycin D (Ap) has been reported to
inhibit this effect of vitamin D. From this it has been proposed that vitamin D
acts by inducing the synthesis of a protein in the intestine, which acts to increase
the transport of calcium. Since our D-deficient animals with norma! blood
calcium levels appeared to have an adequate absorption of calcium, it appeared
worthwhile to investigate o possible relationship between intestinal absorptian

of calcium, vitamin D and Ap.

Using the methods and experimenta! design reported in the Annua! Progress
Report for 1968, the results obtained showed no inhibition by Ap of vitamin D's
effect on colcium uptake by the intestine. Since this wos contrary to the results
reported in the literature, further experiments are required to check ond compare
the findings in our laberatory with those found in another laboratory. These
experiments will cover 2 points:

a. A demonstration of the effect of Ap on phospholipid synthesis while
measuring its effect on calcium uptake in D-treated animals, A reduction in
32p incorporation in phospholipids of the intestine would demonstrate that Ap
is behaving os an irhibitor. The simultaneous effect on calcium uptoke would
reveal whetlier it is likewise inhibiting the vitamin D effect.

b. Determine the effect of varying certain companents of the in vitre
incubation medium on the relation of Ap lo calcium uptake.
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It is important to answer the qucstion as to whetier vitamin D acts by inducing
the synthesis of an intestinal protein which promotes the transport of calcium.
Such an answer would determine the direction of futire work on the mechonism
of calcium transport in the intestine, and the role of vitamin D in this transport.
In anticipation of future work, a procedure has been tested de<igned to measure
adenyl cyclase enzyme in mucosal cells of the small intestine.

2. |Improved methods have been developed for isolation of an in vitro amino
acid incorporating system (polyribosomes and cell sap) from rat Tiver. The
superiority of HEPES (N-2-hydroxyethylpiperazine~N' -2-ethanesulfonic acid)
buffer as compared to tris-HCl was demoristroted. The pH optima for extrontion

of polyribosomes and cell sap enzymes were established as 7.6 and 6.4, respectively.

Deoxycholate at a final concentration of 1.67% in post mitochondrial supernatant
yielded more active polyribosomes than any of the Triton detergents tested. The
optimal potassium concentration for extraction of both cell sap enzymes and
polyribosomes was 75 mM. The optimal magnesium concentrations were 5 and
3.75 mM for polyribosomes and cell sap enzymes, respectively. Sulfhydryl
protectants (GSH at 3 mM) in the extraction media markedly enhanced the
omino~acid incarporating ability.

3. Improved methods are described for assaying in vitro amino acid incorporation
by polyribosomes and cell sop isolated from rat liver. Gel filtration of cell sap
with Sephadex G-10 yielded a more active preparation for protein synthesis than
gel filtration with Sephadex G-~25, Bio-Gel P-2, P-4, or P=6. The optimal pH
of the assay was 7.3. Addition of GSH to the assay medium had no effect on
amino acid incorporation. A ratio of 22.5 pg cell sap protein/ug polyribosomal
protein saturated the in vitro assay system, but o higher ratio was recommended.
In vitro incorporation of amins acids wos linecr for only two minutes. Although
Tncorporation wes maximal at 41°C assays were routinely performed at 37°C to
approximate physiological conditions. A final Mg concentration of 5.0 to
5.25 mM was optimal whereas the optimal K* concentration was near 75 mM.
An ATP-regenerating system was recominended iince high concentrations of A1P
were deleterious. A mixture of 20 L-amino acids at 10 mM each was added
routinely to satisfy the requirement for amino cicids.

4. Weanling rats were used in experiments designed to study the metabolic
availability of copper from a preformed copper-molybdenum (Cu-Mo) compound,
subsequently identified as a synthetic form of lindgrenite. The various treatments
used were: basal diet (Group A); basal plus & ppm Cu a3 the sulfate (Group B);
basal plus 6 ppm Cu as the Cu~-Mo sompound (Group C); and basal plus é ppm Cu
as the sulfate and 6 ppm Mo (equal to the Mo in Group C) as sodium molybdate
(Group D). In the first experiment when the weanling rais were placed directly
upon trectment, there were no significant differences in either growth rates or
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hemoglobin concentrations umong the various treatmen! groups. At the end of
the six-week study, serum ceruloplasmin oxidase activity (CPA) was significantly
reduced in the Group C rats compared with the Groups B and D rats which
showed no significont difference in CPA. Liver and kidney Cu concentrations

of Greup C rats were significantly lower than those from Groups B and D rats,
but significantly higher than those in Group A rats. In a second experiment,

the weanling rats were depleted of their tissue copper stores for two weeks prior
to being placed upon treatment. In this study, there were no significant differences
in growth rates. Hemoglokin concentrations were reduced in all rats during the
depletion phase. Following placement upon treatment, Group C rats repleted
hemoglobin at a significantly reduced rate compared with Groups B and D rats,
while Group A rats remained at o reduced hemoglobin level. Serum CPA, at

the end of the six-week treatment phase, was signficantly lower in Group C

rats than in Groups B and D rats which were net significantly different. Liver
and kidney Cu concentrations in this copper depleted study were not significantly
different among any of the copper supplemented groups. These results suggest
that copper in the form of the Cu-Mo compound, synthetic lindgrenite, is
metabolically less available, particularly for ceruloplasmin oxidase activity,
than is copper from the sulfote salt.

Further, it appears that this phenromenon is unique to the Cu-Mo compound since
an equal amount of molybdenum (as sodium molybdate) does not elicit a similar
response.

5. The effect of zinc status of the chick on sulfate=sulfur metabolism in the
area of bone elo%% ation was mveshgated Two experiments were conducted in
which 10 pCi of %504 were given either orally o1 i.p. 1o chicks fed either a
zinc-deficient (14 ppm) or zinc~sufficient (90 ppm) soy protein-cerelose diet

for 4 weeks. The zinc-sufficient chicks were divided into 2 groups: (1) od
libitum fed; (2) restricted fed so that their average weight gain was approx-
imgtely that of the zinc-deficient chicks. Ai 6, 12, 24, 48, and 94 houns
after isotope administration, the chicks were killed and the epiphyseal plate
through the hypertrophic zone and the primary spongiosa of the tibias were re-
moved and onaly zed for 355 content. In these 2 regions, the peak 35 activity
(dpm/mg fresh tissue) occurred approximately 12 hours after isotope administration
by either method and was significantly less in the zinc-deficient chicks when
compared to either zinc ~sufficient group. The hexosaminz level per mg of fresh
epiphyseal plate was not altered by zinc deficiency. A significant increase in
the hexosamine level per mg of fresh primary spongiosa was noted. These results
suggest that the metabolism of SO4', an impo-tant constitvent of mycopoly-
saccharide in the area of bone elongation, has been altered.
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WORK UNIT NO. 060 Basic Studies of Nutrition and
Metabolism
STUDY NO. 1 Assess the role of vitamin D in

pramoting the gbsorption of
calcium across the wall of the
rat' s smali intestine

PROBLEM:

A. By the use of uctinomycin D (Ap), it was shown that an interference with
the synthesis of mRNA from DNA resulted in an inhibition of vitamin D insofar
a: its effect on calcium transport by the small intestine. From this it was con-
cluded that vitamin D was responsible for the synthesis of a protein required
for the transport of calcium across the intestine. It follows that o D-free animal
should have little or no capacity for this calcium transport. The experience in
our laboratory demonstrated that rachitic D-free animals, presumably deficient
in this calcium=-transporting protein, had normal blood levels of calcium (2-10
mg/ 100 ml) and therefore appeared to have adequate absorption of calcium.
Ferthermore, despite adequate levels of calcium in the blood of these D-fice
animals, the administration of physiological doses of vitamin D resulted in a
significant increase in both blood calcium (10-11 mg/100 m!) and phosphorus.
The questions which appeared were:

(1) 1f cdequate calcium uptake by the intestine required o protein whose
synthesis was controlled by vitamin D, how could we account for the adequate
calcium transport in qur animals which were D-free, rachitic, and presumably
deficient in thi: protein?

(2) What would be the effect of administering Ap to rats which already
had adequate calcium transport? Wouid those animals still respond to vitamin
D after Ap treatment?

B. In anticipation of future work, time has been devoted to the development

of an assay pracedure for measuring adenyl cyclase activity in mucosal cells of
the small intestine. This enzyme has been shown to be responsible for the
synthesis of 3' ~ 5' AMP from ATP; the 3' =5' AMP has been implicated in the
transport of ions acioss cell membrunes. Thus, if calcium tramsport in the
mycosal cells of the smoll intestine is increased in respomse to vitamin D, while
adeny! cyclase activity is simultaneously enhanced, o relationship moy be
sought between vitamin D, calcium transport by the intestine and adeny! cyclase
activity.
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Methods for measuring adenyl cyclase activity in vitro require tests for ATP
and 3' -5' AM” in the uM and nM range, while those methods for measuring
the activity of this enzyme under conditions more closely resembling those
found in vivo require tests for ATP, 3' -5 AM?, AM? and ADP in the same
range of concentrations.

RESULTS AND DISCUSSION OF THE RESULTS:

A. Results of the experiments with Apy adninistered to animals on high calcium,
low phosphorus diete (Ca-1.2%:P0.06%) and low ca'cium, high phosphorus diets
(Ca -0.02% : P - 0.3%) were reported in the Annual Progress Report for 1968.
Briefly, the results of our experiments indicated that Ap did not inhibit the
action of vitamin D on the intestinal transport of calcium. This was contrary to
the results reported in the literature. In the current year, the work with Ap, was
extended to animals treated with vitamin D before Ap. In agreement with pre-
viously reported work, those animals treated with vitamin D before Ap showed
a0 inhibition of vitamin D by the antibiotic. Finally, as a control group,
animals were fed Purina Lab Chow for 21 days before being treated with vitamin
D and/or Ap- Inthis experiment, where the animals were not deficient in vit-
amin D, there was no effect of vitamin D adrninistration nor was there evidence
of an effect of Ap.

Bacause of the difference in results obtained in our laboratory compared with
another laboratory, following the use of Ap then vitamin D, current and future
waork is dzasigned to repeat an experiment with the antibiotic and the vitamin
measuring the effect on calcium uptake by the intestine, while at the same time
demonstrating that the antibiotic is either inhibiting RNA synthesis, protein
synthesis or phospholipid synthesis. This procedure should demonstrate thaf the
antibiotic is effectively inhibiting other metabolic processes while its effect on
vitamin D is being determinzd. The experimental design includes a compariseon
between different media in which the intestinal tissue may be incubated to assess
the effect of different compoanents of the media on the action of the antibiotic
in vitro. These guestions must be investigoted before a definitive statement may
be mad= regarding an inhibition of vitamin D by Ap-

B. By the application of some methods already in the literature and the devel-
opment of a thin layer chromatographic separation of ATP, AD?, AMP and 3' -
5' AM?, it is now feasible to proceed with an experimental design to determine
whether vitamin D affects adeny! cyclase activity in the mucosal cells cf the
small intestine.
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CONCLUSIONS AND RECOMMENDATIONS:

A. The hypothesis that vitamin D acks to increase intestinal absorption of calcium
by controlling the synthesis of o protein is of sufficient importance fo warcant
investigation. Such a profein might be an enzyme with specific catalytic functions
which might provide an opening info understa,.d'ny the mechanism for calciom
transport. Also, it is possible such a protein could be non-enzymic in nature,
having no catalytic function, yet patticipating in the transport of calcium, os tor
example, the calcium-binding protein of the chick infestinz repatted in the
Heratute. On the other hand, if the hypothesis is incorrect one must fook else-
whete for the vitamin D effect. Definitive studies should provide some insight

as to areas for bulure investigations with regard fo the mechanism of action of
vitamin D and the calcium travsport mechanism in the small intestine.

B. The experiments relating adenyl eyclase, vifamin D and imtestinal transport
of calcium will be undertaken when the Ap expetiments are complefed.

PUBLICATIONS:

Zipoting Z.Z., G.J. kaae, C.G. Liddle, gnd P.F. Waring. Effect of Actin-
otycin D on vitamin D-mediated uptake of "Ca by infestinal stices of rachitic
rats. Fed. Proc. 28, 759 (1969) (Abstract).

STUDY NO. 2 Study on the effects of amin> acid
deficiency, harmones and other
factors on rat fiver palysomes and
amino acid incorporation.

PROBLEM:

Following the eartier glucostatic and lipostatic theoties of food intake regulation,
it wors postulated thai ihe ceniia! regulatory mechanism may be influenced by the
pettern of plasma amino acids.  As o result, comsiderable work in the area of
dietary omino acid imbalances has followed as reviewed by Harper (In Mommalian
Protein Metabolism, Munro and Allison Ed., Academic Press, Inc., N.Y., 1964,
Vol 1, pg. 87). Harper postulates it is the fow plasma concentration of the
limiting dietary amiro acid that is respomsible for depressing appetite and thereby
growth rate. Recently, Leung and Kogers (Life Sci. 8: 1, 1969) have confirmed
he presence of o food regulaiory mechonism in the brain area signaling the rat

to decrease food indake in response to a low critical level in the plasma of the
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growth limiting dietary omino aerd. This would alter the supply of amino acids
for in vitro protein synthesis and since the quality ond quantrty of dietary
profeir infltrences the protein content of the Tiver , it follows that o change i
profein synthesis will result not only in liver but pethops in other tissues suck o
skelatal muscle and brain tissve.,

The basic unit of protein synthesis is the polyribosome formed by tibosormes
attached fo strands of messenger RINA (m=RINA} which code for awino acid se-
quences in peptide chains that are synthesized by polyribosomes. Amino acid
availobilit; may dhter the rate of profein synthesis by influencing the speed of
aftachment and detachient of ribosomes on the m=-RNA skeand. Ty additior, the
lack of one amino deid tequsired for in vivo peplide symihesis will alter poly-
tibosome stability as evidenced by Wenner et al, (Biochem, J. I10V: 417, 1966)
when he left out dictary tryptophan from an amino dcid mixture Torce fed 1o s,

While i1 is itue that an amino acid imbalance induced by o diet devoid o severely
deficient in o single amino acid will induce anorexiva, o decraased giowth rate

and changes ir polyribosome shiucture, Harpers' theory of imbalance based on the
plasma concentration of the limiting dietary dimino acid does not explain why on
citnino dcid imbalaivce derivad from an excess of o single omino acid will cause
anorexia and o decteased growth rate, In that case, the imbalancing dietary amino
acid is present in high concentrations it the plasta which may of may not affect
the appetite tegulaiory centet i o like mannet as low concantrations of o limiting
dietory amino acid. Moreover, it is not known whether piolyribosome shucture is
altered with this type of imbalance.

In order to study the effects of imbalances on in vitre profein synthesis, o
religble reproducable system is requited, Several teports dating bock 1o Zomecrik
and Keller (JBC, 2007: 337, 1954) have described o variaty of methods employed
for the isolation of 1ot liver cell sup enzymes or "soluble factiors” and poly-
itbosornas. Thess mothods veried fo the point thot it wertamsd o investigotion
1o establish optimal conditions for the isolation of an in vitrs system and deter«
minction of its protein symhetic capdcity. Tao often an artifact of isolotion
procedures may mdsk o ireatment effect or induce chonges in biologi cal activity
of a system that may be misinterpreted ds o meoningful observation. We have
davised a system 1o study in vitre  profein synthests in liver that will allow f{vcow
pordtion rates of 80,000 to 100,000 disintegi stions per minute (DPM) of u-"e.
leucine of polyribosomal protain, mote active than most systems utilized 1o date.
Other investigators ane how using out methods to elucidate the requirements for
an detive musele polytibosomal syste m,
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RESULTS AND DISCUSSION:

The main criteria for do‘iefmmmg thy supzriority of one procedute orer another
wos how the changes in methods aflocted the ability of the in vitio system o
incorpoiote u-14¢- ~lgucine info polytibssomal protein and The contesponding
chaniges that took place in polyiibusomal profiles oy determined by ik inetic
sodimamtetion anglysis,

Exparimentel details are us follows:

Maols Holtzmon rats (110-140 gm) were fasted vvainight prior 1 decapitation,
the Vivers temoved and passed theough o tissur prass prior to homogeni zation
with o glass hand homoganizer ond tellon pestel. Al isslation procedures were
ecorried oul ot 4°C. The liver supetnatants were spun ot 30,000 X Grovity (G)
for 5 minutes and polyribosomes wete spun in g like mannct after the detergent
tregtmant., Finally cell sop wos spun over o 0.5 M sucrose cushion while poly-
tibosomal post-mitochondial supsrnatant (PSM) was spun over g cushion of 2.0
and 0.5 M sucrose (321,000 X G for 1 he. and 45 min.).

According to Good et ol HEPES (N~2-hydvoxypiparozing-N' ~2~athanesulionic
acid) bufie: is superior to TRIS buffer for use in many biolegicel systams die to
its lowen pKg (7.55 ot 20° <) and small temperature coslficient (013 pH unity/
°¢c). When @fl’ system wes fsolatad in the presence of HEPES bulfer, 7.3 X 1
DPM' s of U~'*C~leucing were incos fofad per mg. of polysibosomal protein
comparad 10 5.9 x 107 DPM' s of U=~ C loucing for the systam isoluted with
TRIS buffer. Tihe medium (SHKMy) u;cd to isolate cell sap contained 250 mM
sucross; 50 mM HEPES, 3.75 mM My'", 3 mM glutathions (GSH) (added fresh
sach day), 50 mM KCL and finally 25 mM KOH which wos required to adjust
the pH to 7.6. Immaediately befors use, the ph wos lowered to 6.4 io isolate
coll sap. To isolate polyribosomes, a second portion of liver wes added 1o o
med'um (SHKMy) almest the same o SHKMy, except that 5 mM MgCly was
vsad and the final pH remained ai 7.6,

In order to frae membrane=bound ribosomes, deoxycholaie (DOC) ot u concen-
tration of 1.67% (w/v) in PM§ yislded o more active prepasation thon did
Triton =100, N-101, X=114, and X=120. Furthermore, RNA values were
80 to 70% of the protein values in DOC treated preparations but only 50 to
80% in the case of Triton preparations. Pelyribosome profiles of the lutter
indicated luige omounts of high melecular weight moterial for active protein
synthesis in all preparations bui resolution of the peaks indicating low Tole-
cvlor waight matsria) was pror. Moreover, the incorpsration of L=( 4¢)
lsucing was about half of that observed with DOC trested material.
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Fallowing ultiacentiifugation oves sucrose, cell sup was possed thizugh o colume
of Sephodes G=-10 (1.5 x 13 em. } to remouve cold aming ocid., A comparison of
cell sop pored thiough columm of Sephoder G-10, G-25, Bio~Ge' Pz, P4, ond
Pé, revealed that 407 mote incorporatioy we; allowed with *he G-10 tizated
cell sap.

The K~ and Mg‘ " levels in both the estioction ond gy meda e citical.
Muny investigaton hove used 25-50 M K in their exroctios media, howeves,
ow dota indicote that isoloting the in vitro system in 75 mM K pormitted olmost
3 times the level of incorporation oblained with systems iolated in 25 mM K,°.
This may not be too sutprising since the intracellular K' concentiation bas been
reported to be around 75 mM. Of equal importante wa. the concentrotion of
Mg™ " in the isolation med a for pslyribossmes (5 mM), cell sop (3.75 mM), ond
the incubation media (5 mM). If Mg* ' wos gradually incregsed up to 15 oM in
the polyribosomal! isolation medium, o progressive decrease in the percentage of
high moleculor weight material was noted sccomponied by o decroase in incor-
porating ability.

Contrary to the procedutes vtilized dy mony investigators, o sulfhydryl reagent
was employed in our isolotion media. GSH (3 mM) allowed the isolation of o
more active cell sop prep for the promotion of in vitro emino acid incorporation
whiles polyribasomal activity was influenced very Tittle.  Subsequently, no te-
quirement for sulfhydry! could be demonstrated in the in vitro incubation. The
addition of GSH to isolation buffers is preferred since it affords eerly protection
of cell sap enzyme uctive sites.

In order to assay the incorpotating ability of different polyrikrsome preparations,
cell sap enzymes must not be o litmiting fuctor. In our system, 4.5 mg, (.2 al)
of cell sap piotein wo; used with 0.1 mg. (0.1 ml) of polyribasomal protein,
however, o ratio of 22.5 parts of cell saup to 1 part of polyribosomes wos just
odequaie to mainiain o lineor 1ote of incorporation for Z minutes ot 37°C.

The incubation med o (0.7 ml/assoy) itsell contained optimol levels of K

(75 mM), Mg** (5 mM), sodium creatine phosphate (20 mM), ATP (1 mM),
GTP (0.1 mMy, 9.9 mM GSH (from isolation procedures), an eq(iizolor mixture
of 19 L amino acids (. 19 mM), HEPES buffer (50 mM), and L4U-"7C) leucine
(.8 uc). Following tha 2 minute incubation pariod, protein was precipitated
with cold 10% trichlorocetic acid (TCA), washed onca in hot TCA (57%) and 3
times in cold TCA and the pellet dissolved in 0.5 m! of hyamine hydroxide.
The mixture wos taken up in Brays solution for determination of activiiy incor~
porated,
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CONCLUSIONS:

1. (mproved methods have been developed for isofotion of on in vitro omino
acid incorporating system (pnlyribosomes and cell sap) from rat Tiver. The
superiority of HEPES (N-2-hydroxyethylpiperozine-N' ~2-ethanesulfonic acid)
buffer as compared to tris~HC!| was demonstrated. The pH optima for extraction
of oolyribosomes ond cell sap snzymes were estoblished as 7.6 and 5.4, res-
pectively. Deoxycholate at a final concentration of 1.67% yielded more active
polysibosomes thon any of the Triton detergents tested. The optimal potassium
concentration for extroction of both cell sap enzymes and polyribosomes wa: 75
mM. The optimol mognesium concentrotioms were 5 and 3.75 mM for polyribo-
somes and cell sap enzymes, respectively. Sulfhydry! protectants (GSH ot 3 mM)
in tie extraction media markedly enhanced the amino-acid incorporating obility.

2. improved methods are described for assaying in vitro amino acid incorporation
by polyribosomes and cell sap isolated from rat liver. Gel filtration of cell sap
with Sephadex G~10 yielded o more active preparation for protein synthesis than
gel filtration with Sephadex G~25, Bio~Gel P-2, P-4, or P-6. The optimal pH
of the assay was 7.3, Addition of GSH to the assay med'um had no effect on
amino acid incorporation. A ratio of 45 pg cell sap protein/1 pg polyribosoma!
protein was utilized in the in vitro assay system. [n vitro incorporation of amino
acids wos linear for only two minutes. Although incorporation wos maximal ot
41°C, assays were routinely performed at 37° C to approximate physiological
conditions. A final Mgz" concentration of 5.0 to 5.25 mM was optimal whereos
the optima! K* concentrotion was near 75 mM. An ATP-regenerating system
was recommended since high concentrations of ATP were deleterious. A mixture
of 20 L~amina acids at 10 mM each was added routinely to satisfy the require-
ment for amino acids.

PUBLICATIONS:

1. Huston, R.L., L.E. Schrader, G.R. Honold, G.R. Beecher and H.E.
Sauberlich. Protein Synthesis: Factors influencing the isolation of an in vitro
polyribosomal system from rat livers. (Submitted for publication).

2- SC’\M*U Lo En' Ro L- Hm’on' w. K- COOPOI' Oﬂd H. E. Sﬂuber“ch. Protein
Synthesis: Factors influencing in vitro incorporation of amino acids by rot
liver polyribosomes. (Submitted for publication).

3. Schrader, L.E., R.L. Huston, -J.A. Tillotson. Influence of cations on
in vitro protein synthesis by rot liver polyribosomes. Fed. Proc. Vol 28, pg. 755,

troct).
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4. Huston, R.L., L.E. Schradsr, W.K. Cooper, and H.E. Sauber!ich.
Factors influencing the ability of a rat liver.polyribosomal system to in-
corporate amina acids. Fed. Proc. Vol 28, pg. 755, 1969, (Abstract).

STUDY NO. 3 Studies on mineral metabolism
and interacfions

a. Interaction between copper and molybdenum and its relationship to ceru-
loplasmic activity

PROBLEM:

The study of copper nutrition, metabolism, and function is complicated by
numerous interactions involving copper and other metals. One such interaction
's the reciprocal antagonism between copper and molybdenum; molybdenum can
precipitate copper deficiency and copper can alleviate molybdenum to«icity.
The mechanism of this copper-molybdenum interaction has not been clearly elu-
cidated. Onz attractive hypothesis is that copper and molybdenum form some
sort of complex which may render both metabolicatly inactive. The study to be
reported was designad to determine the metabolic availability of dietary copper
from a preformed zopper-molybdenum compaund.

RESULTS AND DISCUSSION OF THE RZSULTS:

Weanling, male rats (Spraque-Daw!ey) were used in two experiments concerning
the metabolic ovailability of copper from a copper-molybdenum (Cu-Mc) com-
pound, subsequently identified as a synthetic form of lindgrenite. In the first
study, 48 rats were randomly divided into four treatment groups. The basal diet
for this experiment is shown in Table |. The treatments added to the basal diet
are presented in Toble 1. Group A served as a negative control; Group B was
the positive control; Group C received the Cu-Mo compaund; and Group D was
the control for Group C. The supplemenis provided 6 ppm copper (Groups B, C,
and D) and é ppm molybdenum (Groups C and D). Body weights were recorded
weekly and hemoglobin concentrations were determined at the second and fifth
weeks of the six-week study. At the end of the experiment, the rats were sac-
rificed; serum was collected for ceruloplasmin oxidase activity (CPA) assay; and
livers, kidneys, and spleens were excised for copper determinations (by atomic
absorption spectrophatometry).
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There were no effects of the various treatments upon either growth rates or
hemoglobin concentrations. The effects of treatment upon CPA and tissue
copper levels are summarized in Table 11l. The rats receiving synthetic lind-
grenite, Group C, showed o significant depression in CPA compared with the
other groups receiving copper supplements (Groups B ond D). The lack of a
difference between Group B and Group D seems to suggest that the effect
observed in Group C is_a function of the lindgrenite compound and not on in-
fluence of molybdenum aloae. Since the Group C rats showed greater CPA

than the negative cantrols {(Group A), it appears that at least a portion of the
lindgrenite copper is available for ceruloplasmin synthesis, even though it is

not as available as is copper from the sulfate salt. Liver and kidney copper
concentrations were significantly lower in the Group C rats than in the copger
sulfate supplemented rats, either without or with sodium molybdate (Groups B
and D, respectively). This observation might suggest that a part of the normal
tissue stores of copper had been used for metabolic purposes. The same argument
can be used for the lack of difference in tissue copper between Group B and
Group D as was used for the non-significant difference in CPA of the same groups.

Since it has been reported that the copper status plays a role in the copper-
mo lybdenum-sulfate interaction, the second experiment was desigred to study
this effect. The 48 rats used in this study were copper depleted by feeding a
whole milk powder diet for two weeks pricr to placing the animals upon treat-
ment. At the end of the depletion phase, the same treatments as used in the
first experiment were added to the milk powder diet. Body weights were re-
corded weekly; hemoglobin concentrations were determined at the end of the
depletion phase and at the third and sixth weeks of the six-week treatment
phase. At the end of the study, rats were sacrificed; serum collected; and
livers, kidneys, and spleens removed. CPA and copper determinations were
mad2 as before.

In the copper-depleted study, there were no differences in growth rates. Hemo-
globin concentrations were reduced in all rats at the end of the depletion period
(Table 1V). Following the addition of copper to the diet, hemoglobin levels
began to increase. However, hemoglobin repletion was slower in the Group C,
lindgrenite, rats compared with the rats receiving copper sulfate (Groups B and
D). The presence of sodium molybdate appeared to have no separate effect
(Group D vs Group B). The treatment effects upon CPA and tissue copper in

the copper~depleted study are summarized in Table V. As in the earlier study,
Group < rats had significantly reduced CPA. One possible explanation for

the greater CPA in this study than in the earlier one is that the rats contracted
a minor respiratory ailment about the midpoint of the study. This could account
for the increased activity since it has been reported that stress conditions do
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increase CPA. Even sa, neither the increased CPA nor the amount of the increase
was as great in the lindgrenite treated rats as in thz other two copper supplemented
graups. Cantrary ta the dato obtained in the previous study, in this copper dep-
Iction study there were na significant differences in liver and kidney copper con-
centratians among any of the copper supplemen*ed groups. Such a difference wauld
not necessarily be expected in the latter study since tissue stares had been depleted
priar to treatment. In fact, the lack of a difference in liver copper levels bet-
ween the lindgrenite supplemented group and the capper sulfate supplemented
groups seems to suggest that lindgrenite copper is readily absorbed and taken up

by the tissues in rats. The higher spleenic copper canzentration in the Group D
rats has no apparent explanation at the present time.

CONCLUSIONS:

Regardle.s of the capper status of the rat, the data presented herein indicate that
capper in the farm af the Cu=Mo compoisad, synthatic lindgrenite, is not as
available for metabalic use, particularly for ceruloplasmin oxidase activity, ai is
copper from the sulfate salt. Since an amouni of molybdenum equal to that in the
lindgrenite did not produce effects similar to the lindgrenite, it appears that the
reduced availability of capper from lindgrenite is a functian af that molezule
and not despendent simply upon the presence of molybdenum in the diet.

EECOMMENDATIONS:

Cantinue to study copper metabalism to arrive at a more lucid 2xplanation of
its function. These studies are impo-tant from the point of view that many of
the compounds which interact with copper fall into the category of pollutants;
and only when copper functions and mechanisms are known can one maks app-
rapriate strides toward cambating the action of metabolic antagonists.

1. Dowdy, R.P. Copper metabolism. Am. J. Clin. Nu*r., (In press).
2. Dowdy, R.P., Georgia A. Kunz, and H.E. Sauberlich. "Effect of a cappar~

malybdenum compound upon capper metabolism in *he rat." (Submitted far
publication).
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TABLE |

Composition of Basal Diet

Mineral -mix®
Vitamin-mix

Ingredient Amount (%)
Vitomin -free casein 20.0
Cerelose 62.2
Alphacei 5.0
Corn oil 5.0
L-cystine 0.3
5.0
2.5

“Mineral-mix contained: (g/kg diet) Ca(HpPO4),-
HyO, 16.4; CaCOg, 11.5; KHaPO4, 7.6; MgSOy4-
7H,O, 5.1; Na,HPO4 7H,0, 1.2; NaCl, 1.0;
MnSO /4 H,O, 0.19; FeC6H507'5H20, 0.18;
ZnO, 0.014; KI, 0.00023.

“Vitamin Diet Fortification Mixture, Nutritional
Biochemicals Corporation, Cleveland, Ohio.

TABLE I

Treatments Added to Basel Diet

Group No. Additive
A Nothing
B 15 mg CUSO4/|<g
C 18 mg Cu-Mo/kg
D 15 mg CuSO4/kg+
16 mg N02MOO4' 2H20/kg
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TABLE 11

Fffect of Copper Source on Serum Ceruloplasmin Oxidase Activity and Tissue
Copper Concentration*

Grove CerxloPlc.zsmin e Ti.ssue
ctivity Liver Kidney Spleen
(1.LU.) (ppm on dry weight basis)
A 1.61 a 6.50 a 11.41 a 1.50q
B 30.38 b 11.93 b 31.24b 5.43b
C 25.67 ¢ 10.70 ¢ 24.41 ¢ 7.17b
D 29.33 b 12.25b 30.25b 6.06b

*Each value represents the raean of 12 observations and 2ach value in @

column not followed by the same letter is significantly different at the
95% level.

TABLE IV

Effect of Copper Depletion and Repletion on Hemoglobin*

Group Weeks Post-Treatment

(@/00 ml) ©

A 9.87 10.20a 9.28¢
B 9.88 13.30b 13.95b
C 9.83 12.10¢ 13.00¢
D 9.59 13.38b 14.05b

Each value represents the mean of 12 observations and each
value in a column nat followed by the same letter is signifi-

cantly different at the 93% leve!.
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TABLE V

Effect of Copper Source following Depletion on Serum Ceruloplasmin Oxidase
Activity and Tissue Copper Concentration*

Group Ce’;ulo.p!asmin . Ti.ssue e
ctivity Liver Kidney Spleen
(hu.) (ppm on dry weight basis)
A 1.74 a 4.39 ¢ 8.81a 2.254
B 47.16 b 2.09b 32.49b 5.84b
C 35.13 ¢ 8.64 b 29.81 b 5.86b
D 48.81 b 9.17 b 29.53 b 4.52 c

* Each value represents the mean of 12 observations and each value in o
column not followed by the same letter is significantly different at the
95% level.
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b. Effect of zin- deficiency on sulfur-35 and hexosamine metabolism in the
epiphyseal plate und primary spongiosa of the chick.

PROBLEM:

In zinc daficiency, chicks fed 3 soybean protein based diet develop swollen
hocks, and shortened and thickened leg bones. The cartilage cells are arranjed
mo-e randomly in the epiphyseal plate, and the epiphyseal-diaphyseal junction
is narrower. Recently, Westmoreland and Hoekstra (J. Nutr. 98, 76 (196%))
reported in detail the pathological defects in the epiphyseal cartilage of zinc
deficient chicks. Using histological methads, these workers found that in zinc-
deficient chicks, areas which were near neither the hyaline cartilage nor the
penetrating bload vessels had more matrix, and the cells instead of beiny uni-
formly flattened and in regular columns as in normal bone, had irregulat shapes
and more random lozations. In the zinc-deficient chick, the cells of the degen-
erating region of the epiphyseal plate did not degenerate normally unless they
were near a blood vessel. These investigators also reported that no difference
in the distribution of either mucopelysaccharides or collagen, the two main
components of extracellular matrix, was found. However, in the zinc-deficient
chick, cells remote from blood vessels were much delayed in their development
of clkaline phosphatase. Zinc-deficient chicks fed histamine or indomethazin
showed the same d.stribution of alkaline phosphatase as did the zinc-deficient
controls. Since these compounds grossly moderate the leg defect it appears
they may be acting on some othar dzfective metabolism in ¢his area of the bone.
Although the distribution of mucopolysaccharides does not appear to be affected,
it seems possible thot this fraction may be altered in some other manner. High
alkaline phosphatase activity has been linked to extracellular matrix secretion
ond specifically to mucopolysaccharide synthasis. Moreover, antiarthritic com-
pounds which moderate the leg defe<t in zinc-deficient chicks often affect
mucopo lysaccharide metabolism. Therefore, experiments were conducted to see

if the sulfote culfur (o mojor component of mucopolysaccharide in bonz) mete-

Hu LU el pleror®

bolism was altered in some manner in zinz-deficient chick bone.

RESULTS AND DISCUSSION OF THE ReSULTS:

Two experiments were conducted with day-old White Rock chicks without seg-
regation according to sex. The birds were distributed at random in‘o groups of
15 each and placed in a stainless steel battery at 37°C to 40°C. Distilled water
and feed was provided in dluminum troughs. Feed was mixed avery two weeks
and stored in a refrigerator until it was fed. The composition of the basal soy-
orotein diet was that described previously (J. Nutr., 94, 527 (1968)). The basal
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diet, with 5 ppm supplemental zinc (zinc-deficient diet) analyzed apptoximately
14 ppt zinc on an air dried basis. To obtain a control diet, 80 ppm zinc as zinc
oxide was added to the basal diet. In both experiments, 5 groups of 15 chicks
wete given 1 of 3 dietary regimes. One group of 75 chicks was given the zinc~-
deficient diet ad libttum. A second group of 75 chicks was given the control

diet ad libitum. The final group of 75 chicks was given the control diet restricted
fed so that their average weight gain was apptoximately that of the zinc-
deficient chicks.

Radioactive sulfur as Nog SO carjger fiee, was diluted with distilled water
to give a stock solution of H)pét of 975/ml.

in both expetiments, aftet apptoximately 4 weg%s on diet, the chicks were dividad
l to 2 groups. Ona group received 10 pCi of 775, 1.p.; the other, 10 pCi of

dog by gavage. At 6, 12, 24, 48, and 76 hours after Isotopz aaministeation, 5
chicks from euchﬁtoUp were killed by cecvical fracture. The legs were cemoved
and frozen until 775 analyses could se made.

The 355 content of the complete eplphyseal plate through the hypertrophic zone,
and the complete ptimary spongiosa from the proximal end of one tibia from each
chick were unalyzed.

The average welghts of the chicks used are given in Table 1. 1n both experiments;
the chicks fad the control diet ad libitum weighed approximately 50% mmote than
the chicks fed the zinc-deficlent dist. The chicks which wete restricted fed
welghed slightly more than the zinc-deficient chicks. However, the waights
were close enough to insure that the atmount of isolops given per uhit of weight
was approximately the same as that for the zinc-deficient chicks.

Table 2 gives the d g of S found in the fresh eplphyseal piate and Table 3
yives the din/my of I I fresh pHimaty spongiosa during the time perlod stud ed.
In the expetiment 1 (otal admin’ shdﬂon) botly the restricted fed und ad libitum fed
control chicks had significantly higher peak 725 incorporation in both tissues.

The peak level of isotope incorpotation occurred at approximately 12 hi is aftet
administration. Zinc dzficlency also appedts to affect the temoval of 7S from
the epiphyseal plate and primary spanglosa of the chic, :;(5 At the 48 hour time
petiod, the chicks fed the control diet had o level of 775 in the eplphyseal

plate equal to that In the zinc-deficient chicks. By the time the 96 hour time
pariod had been raoched, the chicks fed the ad libitum control diet had a sig-
nificantly lower ¥7S content in both the epiphyseal plate and primaty spongiosa.

The chicks glven 355 by 1.p. injection gave essentially the sume results as the
chicks given the oral administered Isotopes as indicated by Tubles 2 and 3.
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.
Although zinc-deficiency decreased 3"5 pedk retention and removal in the
epiphyseal plate and primary spogiosa of the chick, o reduction of the he xo-
samines 1n these areas did not occur. Table 4 shows that the zinc=deficlent
chicks had a non=significant elavation »f hexosamines in tha apiphsseal plate,
and a slight, but sigaificant, elevation of hexssaminas in the ptimary sponglosa,
Thase rasults suggest that the metabalism of SO, an Impostant constituent of
mucopalysaccharlde in the area of bong elongation has been alterad.

The affect of zin: deficisncy in the chick on sulfate sulfur metabolism in the
ated of banz elongation was investigated. Sulfut=35 Incorporation into the
epiphyseal plate thtough ‘he hypettrophic zons and tha primary sponglosa of
tiblas was less In the zinc-deficient chicks when compared to the zin: supple=
mented groups. The results suggest that the metubotism of SO4 , an Importar
constituent of mucopolysaccharids in the area of bone elongation was altered,

PUBLICATIONS:

Nielsen, F.H., R.P. Dowdy, and Z.Z. Zipotin, "Effect of zinz daficlency on
sulfut-35 and hexosatninz metabolism In the epiphyseal plate and ptimary spyaglosa
of the chick." (manusctipt preputed for submission to the J. of Nutiltion).
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TABLE 1

AVERAGE FINAL BODY WEIGHT AND WEZIGHT GAIN OF CHICKS

TREATMENT AVERAGE FINAL AVERAGE
BODY WEIGHT* WEIGHT GAIM
') g
EXPERIMENT 1 (Oral Administiation)

Zinc~deficient 184 146

Zinc=sufficient

restricted fod 203 165

Contiol 313 275

EXPERIMENT 2 (i.p. Administration)

Zine=deficiont 183 145
Zinc=sufficient

restricted fod 203 165
Control 30 2685

*Body weights were foken at 4 wéaks,
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TABLE 2

"55 CONTENT IN EPIPHYSEAL PLATE AT TIME INTERVALS AFTER A SINGLE ORAL OR i.p. DOSE

HOURS AFTER ADMINISTRATION
TREATMENT é 12 24 48 96

dpry/mg fresh tissue

EXPERIMENT 1 (ora! administration)

Zinc-deficient 419° 545° 449° 415¢ 163°
Zincsufficiont

restricted fod g73° 15540 1250 636° 106°
Control 689° e 867° 427" 59

EXPERIMENT 2 (I.p. administration)

Zinc-deficient 498° 604° 524° 552° 223°
Zinc=sufficient b c b o o
restricted fed 1352 135 945 586 190

Control 705° 996" 642  574C 72P

a. Mean, 5 chicks/group.

b. Values foiiowed by the same ietters within o given time peticd ond axperiment are not

significantly different (P > 0.05) from euch other.
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TABLE 3

355 CONTENT IN PRIMARY SPONGIOSA AT TIME INTERVALS

AFTER A SINGLE ORAL ORi.p. DOSE

HOURS AFTER ADMINISTRATION
TREATMENT 6 12 24 48 96

- —

dpmy/mg fresh tissue

EXPERIMENT 1 (oral administration)

Zinc-deficient 136° 1697 140° 163¢ 197
Zinc~sufficient

restricted fed 246° 559° 4550 anb 107%0
Control 256° 369° 348P 298° 73"

EXPERIMENT 2 (i.p. administration)

(o] Q (v]

Zinc~deficient 140 268 259 296 152
Zinc-sufficiant

restricted fad 266° o1P %P 5299 b 191°
Contrel 186° ano® gt 458° 88"

a. Meoan, 5 chicks/group.

b. Value: followed by the same letters within a given time period and experiment are not

significantly different (P > 0.05) from each other.
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Basic Studies of Netrition and Metabolism (Cont' d)

TABLE 4

HEXOSAMINE CONTEMNT IN EPIPHYSEAL PLATE AND

PRIMARY SPONGIOSA FROM CHICKS FED DIFFERENT LEVELS OF ZINC

TREATMENT DIETARY ZIMC TOTAL HEXOSAMINE

pm mg/g fresh tissue

Epiphyseal Plate  Primary Spongiosa

Zinc~deficient 14 11.54° g.61°
Zinc-sufficient b
restricted fed 90 n.m¢ 6.86

Control 90 11.00° 6.84°

a. Mean, 5 chicks/group.
b. Values followed by the same letters within a given time pariod and experiment

are not significantly different (P>0.05) from each other.
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and if it is, to determine ite role in thc biochemistry of the body.

24. (U) Approach: The initial studies will involve the study of interrelationships of se-
lenium with other nutrients such as, methionine or cystine, Vitamin E and distary fat
levels. The next phase of research will be the study of various enzyme systems. The
future direction of these studies will be depsandent upon the results of the initial studie
Studies, utilizing radiocisotope, will be directed at detarmining the metabolism of sele-
nium in the animal,
25. (U) Progress: (Jul 68 - Jun 69) Sslenium analyses oi various tissues of rate fed low
sslenium siripped lard-torula yeast dicts have been comnpleted ac hxve the nitrogsn
apalyr . .or nitrogen balances in the fifth study of this series. Preliminary evaiuztion
of the results indicates that scolenium deficiency in the rat increases nitrogen excretion
hence, nitrogen balances are negative. Statistical anelydec of these data have not been
completed.

23. (U) Tech Objective: To determine if seleninm is an essentizl or beasficial elemenT
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ABSTRACT

PROJECT NO. 3A061102B71P . Basic Research in Support
of Military Medicine

TASK NO. 01 Biochemistry

WORK UNIT NO, 061 Mineral Metabolism

Dietary requirements and some of the interrelationships among sex,
‘methionine ingestion, vitamin E and dietary selenium were established
for the production of a selenium deficiency syndrome in the rat, Liver
necrosis and hemorrhaging develops rapidly after feeding weanling
rats a deficient diet for three weeks. Death occurs within three days
after cessation of growth and a great reduction of food intake. Selen-
ium analyses of tissues from deficient animals show a large decrease
of the selenium contents of blood, kidneys, spleen and liver. Selenium
deficiency increases nitrogen excretion which results in negative
nitrogen balances. This is indicative of an impairment in protein

metabolism.
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BODY OF REPORT
WORK UNIT NO, 061 Mineral Mctabolism
PROBLEM:

A selenium deficiency affects different organ systems in various
species of animals; however, a ncecrotic degeneration of the tissuc
results in the susceptible organ, i.c., liver in rats, hcart and kidney
in mice, gizzard in turkeys, muscle in sheep, and blood vessels in
chickens. It has been observed in some children being treated for
kwashiokor that a positive nitrogen balance could only be achicved
after administering selenium. In these cases, serum levels of sclen-
ium were reduced 50% in comparison to unaffected children from the
same geographical region. Dietary supplementation with methionine
delays the onset of the deficiency syndrome in various experimental
animals. All of thesc observations are consistent with the hypothesis
that a selenium deficiency results in a defect in protein mcetabolism,

The primary objectives of these studics are to test the hypothesis
that selenium is required for protein metabolism and if the hypo-
thesis is true, to elucidate the mechanism of action of selenium.

The initial studies established dietary conditions required to produce
a deficiency, the time required for a deficiency to develop in weanling
rats and the selenium levels of various tissues of the animals. The
last study was on the effects of selenium deficiency upon nitrogen

balance.

RESULTS AND DISCUSSION OF THE RESULTS:

Five studies have been conducted in the past three years using wean-
ling albino rats. Preliminary data from these studies indicated that
either vitarnin E or selenium would ameliorate the syndrome producced
by fceding a torula yeast -stripped lard dict in the rat. Methionine
supplementation, in the absence of added selenium and vitamin E,
would prolong survival but eventually the animals succumbed to the
deficiency. Jn the male rat, survival appeared to be related to the
growth rates since the rats died when they attained a certain weight
range. This weight range was clevated as the dietary level of
methionine was increased. A method for selenium analyses utilizing
the low temperature dry asher and fluorometric determination of the
element was established and analyses of tissucs have been completed.
Preliminary evaluation of these results indicates that the sclenium
deficiency in the rat increases nitrogen excretion and a negative
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Mineral Metabolism |
nitrogen balance results. This would indicate that a sclenium defici-
ency impairs protein metabolism; however, statistical analyses of

the data will be required before definitive statements arce made.

CONCLUSIONS:

A selenium deficiency in the rat reduced the intake and increased the
excretion of nitrogen so that negative nitrogen balances occurred.

Thesc observations would indicate an impairment of protein metabo-
lism in the deficient animal. Further statistical analyses of the data

are required.

RECOMMENDA TIONS:

Depending on the results of the selenium deficient animals, other
studies may be designed to further delineate the influence of selenium

deficiency on nitrogen metabolism.
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23. (U) Tech. Objective: Red blood cells contain a pentose phosphate pathway and an
Embdem-Meyerhof metabolic pathway. These pathways can be studied in red cells
without the complicating features of pyruvate oxidation, mitochondrial metabolism or
protein synthesis. The pentose phosphate pathway of red blood cells is influenced by
a variety of conditions and provides a means of study control factors.

24. (U) Approach: Riboflavin and ascorbic acid stimulate the metabolism of human
red blood cells. The mechanism whereby these substances requlate the pentose phos
phate pathway will be investigated by measuring the amount of ‘tOz generated from
1- MC-glucose in intact and hemolyzed preparations of red blood cefls.

25. (U) Progress: It has been found that riboflavin stimulates the ~ CO; production
from 1- "C-glucose intact red cells. A variety of analogues of riboflavin are also
active. It appears that riboflavin is interlocked with glutathione in the regulation

of the pgntose phosphate pathway Pl regenerating NADP' . Ascorbic acid also stim-
ulates ~ CO2 production from t- "C-glucose. The studies to date indicate that
ascorbic acid also is interlocked with glutathione metabolism to regenerate NADP
from the reduced state. The maintenance of the red cell membrane depends upon
the level of reduced glutathione. The mechanism of this is currently being studied.
It may well be that GSH and NADP may regulate red cell cation movement.
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ABSTRACT

PROJECT NO, JA061102B71P Basic Research in Suppott
of Military Medicine

TASK NGO, 01 Biochemistty

WORK UNIT NO, 062 Haemopoletic Metabolism as

Related to Nutrition, Genetics
and Metsbolic Diasmasa

STUDY NO. 1 To investigate the l—laC-
gliucose Metsbolicm in Red
Cells from Gerw.-free gnd
Psthogen-free rets on Vitawmin
Deficient Diets,

Abstract. Germ-free and pathegen-free rats have been kept on riboflavin,
thiamine and folic acid deficient diets, The metabolism of 1-1%4C_glucose
has been studied in the red celle from these rats, These vitamin
deficiencies do not appear to affect the pathogen-Irce gnd geem-free rat
red blood celis. The rat red bloed cells appesr to resist vitamin

de tciencies vhen the pentose phosphate pathway is gtudied by nesas of
1-""C-glucose. 1n the folic acid deficlent rata, at a time when
gastrointestinal enzymes were mgrkedly decreecsed, the rat red blood

cells showed no significant impairment of the pentose shosphate psthway,
This is of interest since folic acid generetes TPN from TPEH which would
be of importence in the pentosec phosphate oathway. In sddition, riboflavin
is implicated in the contrel of the puntose phosphete pathway and e
deficiency of riboflavin does not reew to affect the pentose pacsphate
pathway of the red ceil, Similarly, thisamine which {a involved in the
transketolasc step dods not seem to have much effect on the intact red blood
cell in the thiemine defirient germ-froe vat,
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BODY OF REPORT

WORK UNLIT NO. 061 Haemppoietic Metabolism aa
Related to Butrition, Cenetics
and Metabolic Disease

STUDY NO, 1 To investigate the l-l“L‘gIU(usv
Hetaboliam In Red Celle From
Germ-ifree and Pathogen-free
Rats on Vitamin Deficlent Diets.

PROBLEM :

The regulation of mutabolic pathways is poorly undetrgtoud in most tigsues,
particularly in wan, The red blood cell 1s a couvenient tissue in which tu
study metabolic pathwaysz inasmuch as only certain of the pathways ate
present and complicating featuree such a8 nuclel and mitochondsia are
absent. Thus, 1t i{s convenient to use ted cells for the study of the
pentose phosphate pathway in an attewmpt to elucidate the wechanisms of
control of this pathway, Since vitavin deficiencies were being studjed
in gert-free and pathogen-free rats it was ideal to obtain red cells

from these animals to study the péntose phosphate Ynthwny under the con-
ditions of various vitemin deficiencies. Using 1-16C-glucose one van
collect radiocactive carbon dioxide and use this as a mezasure of actlivity
of the pentose phosphate pathway in the red blood cell, The aniwals were
on riboflavin, thismine or folic acid deficient diety, Riboflavin
sccepts hydtogen ftow teduced TPN, thus regenerating TPN, 1t has

alredady been establighed that riboflavin accelerates the pentose phosphate
pathwey when added to intact red cells, particuiarly to red cell heme-
iysates, Thismine is an important cofactor in the transketolase step in
the pentose phosphate paxthway but not directly connected to the pro-
ductisn of CO; or rzgeneration of TPX, Folic acid is present in red

cellp and ia transformed to tetrghydrofolic acid utilizing TPNH thereby
regenerating TPN. Rather lurge amounts of exogrnously added folic acid
are neczssary to stimulate the pentose phosphate pathway. This may te

in part due to & slow yptéke of folic acid by intact red cells.

and to regulate the pentose phosphate psthvay by means of the shuttiling
of TPN between the tws pethways.

RESULTS AND DISCUSSION OF THE RESULTS:

Germ-free and pathogen-free rats were placed on ribofisavin or thiamine
deficient diets, Red cells were obtafned snd the antose phosphrte
pathvay was studied by mesns of the production of **COz from - bc.plucose.
In generpl, the intact red cells were reaistant to the effects of tne
riboflavin or thiamine deficient dietps with regard to the pentose phos-
phate pathway with and without added cofactors. The intact cells were
pootly stimulated by the addition of riboflavin end NADF to the incubation
wedia. Hemolysates could be stimulated but the vitamin deficient state
did not seem to have &n influence on the degree of stimulation. There
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Haemopoietic Metabolism as Helated to Nutrition, Geneticay end Metabolic
Diseann (Cont'd)

avpeated to be some subtle differences but these did not sppedr to be
physiclogically significant, The sdme resistance was seen in intect
ted cells from folic acid deficient animaly, At 2 time when the folic
&cid deficient animaly had decreaved ceneym® dctivity in the gastro-
intestinegl tract the red calle did not appeat to be atfected by the
folic ecid deficient state. ‘the {ntact cells stimulsted pootiy

to the ddded cofactory while the hewolysates did tespond but the
reapoise was tot conaistently related to the folic acid deficient
state,

CONGLUBLONB 1

Red calle sbtained from animais on riboflavin, thiamine oi folic avid
deficient diets show no 2hlﬁgﬁ in the pentose phonghite pativay ay
measured by release of 1 €02 on incubation with 1-M4¢ glucose, Kven
though these cofsctors are implicated indirsctly tn the regulation of
the petitose phosphate pathway thies doas not sesm to be the case in
the vitamin deficient rat red blood cell. We must conclude that the
intact rat red blood cell {a not the wost suitable tissue for the
study of this regulatory phenoména, It ptobably wuld be more
significent to study thie in humsne, However, it is auch mre
difficult to avply vitemin defieient diets to can than auimals. The
tepistance oi the rat red cells to vitamin deficient diets may be

due to A species Jdifferencs and may vot necessarily indieste that
these particulat cofactars are wst fmportant in the regulation

of the pentose phosphate pashway,

REGOMMENDATIONS

1t would seow wore fruitful to carty out studies invoiving these cofactors
in himdh red celly and such is belng contemplated,

1, Herman, ¥.¥,, H,B. Bauberlich and R, H, Herman, Comparison of the
1-18¢-glucone metebolimn between red blood cells of germ-fres and patkogen-
Eree rats on riboflavin and thismine def{cient dietn. Oerm-free Blology,
Plenum Press, 1939, p. 325,

2, Herman, Y.¥,; J.W, McHuph and R.H, Herman., the 1-1“c~51ucuan
wetebolism of ted bhlood cells of perm-fres rats on & folic acid deficiont
diet. Proc. of the 8th Annual Meetiny of Association fer Cnotobiotics,
Cakridge, Tetnassee, June 10-13, 1969 (in Press).
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23, (U‘ Tech Objective! 1) To provide surgicsal support for retearch profacte carried

on by this laboratory. 2) 7o provide surgical support for research programs undar-
taken by the personnel of Fitesimons General Hospitel, 3) To conduct reseacch for
new and improved eurglcal procedurse, 4) o provide tratning in surgicai techniques
for students of the Clinical Bpecialists Couréa {(FUH).

24, (U) Approach: A study to determine the effects of coronary stretch receptors on
rena! function {8 in progress. The effects of high aititude and hypoxia on cerebro-
spinal fluid prescure are being studiad. A pilot study to determine the feasibility of
ueing pericardium as a vinous graft ie being supported. The mataboiic effecte of
glucegon and adrenaline in intact and pancressctomined goere and doge is being
studied. The study of the feasibility of limb replantation is being supported. A
pilot project to determine the cause ef enostosis in dogs 18 in progress. A program
for student (Clinical Specislist'e) training in surgical technique2 j¢ currently being
provided.

35, (A" Progress(Jul 68-Jun 69) All of ths above studies and support programs are
currently in procees, Progrese {3 being made in all areas. During the past year
40 nilnor and 100 major cperative procedurce were performed, Approximately 40
Fitseimons Goneral Hoopital surgicsl residents and interns utiliued the laboratory
surgical fecilities durtng the pust year, Aleo during the past year, 80 Ciimcai
Specialists received tratning in suturing techniques of lacerstions and wounde, in
addition to the ininor procedures listed abovs.
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ARSTRACT

PROJECT NO. JIA0GTI02RTIR Renscarch in Blomedical Sceiend ex
TASK NO, 02 Internal Medicine

WORK UNIT NO. 055 Fxperimental Surgery in Support
of Medical Rescarch

During the past vear, surgical support for the following USAMRNTL,
projects has been given: (1) cardiovascular and hematological
vffects of profonged atarvation foliowed by refeeding in swine; (2)
determination of the otlology ol vanlne enontouls; {3) effects of
vorvnary sinus stroteh receptors in renal function; (4) the moeta-
Dol effects of glucagon and adrenaline In intact and pancreatectoms-
fzed geese and dogs! and (5) the effects of high altitude and hypoxla
un the cerebrospinal fluid pressurce in dogas.

Surglcal support for rescarch condrcted by personnel of Flitzsimons
Goeneral Hospital has consisted oft (1) the feasibility of canlne Himb
replantation and transplantation, (2) the feasibility of using peris
cardlum for large venous grafts, and (3) the effect of lactated Ringoer's
solution tn 30, 40% and 60% bled dogs.

The surgical faciiition of USAMRNL have been used by approximately
40 Fitesimons Goneral Hospital surgical resldents and Interns during
the past vear, Also 80 clinical speclalist trainees have recelved
tealning In suturing technlques of wounds and lacerations during the

past vear,
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WURK UNIT NO, 055 Experimental Surgery in Support
of Mcdical Rescarch

PROBLEM:

The vbjectives of this work unit have continued to be primarily two.
fold: (1) Surgical support for physiological and metabolic studies
and; (2) Surgical support of clinical rescarch and teaching activitics
by Fitzsimons General Hospital personnel,

RESULTS AND DISCUSSION:

A study to determine some cardiovascular and hematological cffects
of prolonged starvation followed by refeeding in swine was supported.
Heart rate, arterial and pulmonary arterial blood pressurc were
measured, using indwelling catheters in swine that had been starved
28 days and refed 16 days. The heart rate and arterial pressure
decrcased below normal during starvation and incrcased to above
normal during refeeding. Pulmonary hypertension developed during

rcfeeding,

Canine cosinophilic panosteitis or enostosis was studied, This dis-
case was followed radiographically for six months during the acute,
inactive and healing phases. Extensive bacterial, mycoplasma and
viral culture studies were performed. Bone marrow specimens con-
tained a Corynebacterium spp.; evidence of mycoplasma or viral
infection was not found.

Surgical assistance is being given to a study to determine the effccts
of coronary sinus stretch receptors on renal function,

Surgical assistance is being given to a project designed to study the
mctabolic effects of glucagon and adrenaline in intact and pancreca-

cctomized geese and dogs.

The cffects of high altitude (14, 000 - 16, 000 ft,) and hypoxia on
cercbrospinal fluid {(CSF) pressure in dogs are being studied. Ancs-
thetized dogs, with indwelling catheters in the subarachnoid space,
placed in an altitude chamber are being utilizced. Preliminary data
at this time indicates a probable tenfold increase in CSF pressurc at

14, 000 - 16, 000 feet,

A project to determine the feasibility of limb replantation with and
without prescrvation is being supported. The project is under the
direction of Fitzsimons Gceneral Hospital personnel. At the preacnt
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Experinuetal Surgery in Support of Medical Rescarch (Cont'd)

time, no surviving limbs have been obtained using hyperbaric oxy-
genation as the means of preservation, Transplantation of canine
iimbs has_also been tried,  The use of antilymphocyte scrum,
Immuram8, and corticosteroid drugs has allowed some of the limbs
to survive up to 60 = 90 days bLefore they werce rejected.

A pilot project from Fitzsimons Gceneral Hospital to determine the
feasibility of using pericardium as a venous graft in the antcrior
vena cava of dogs is being supported, Approximately 25 dogs have
been operated. Ninety day survivors have been obtained beforc the
grafts have become occluded.

A project from Fitzsimons General Hospital to determine the effect
of hemodilution on cardiac output, cardiac oxygen utilizstion and
tissue oxygenation followin g hemorrhage was supported. Thirty
splenectomized dogs were bled 30%, 40% and 60% of their estimated
blood volume, Three times the volume of shed blood was replaced
with lactated Ringer’s solution. The following measurements were
made: hematocrit, cardiac output, oxygen tension of cerebrospinal
fluid, urine, blood in the coronary sinus, arterial blood and systolic
and diastolic blood pressure, Although this study has been completed,
the data have not been made available to the collaborating staff of this
laboratory.

The surgical facilities at USAMRNL are also being used by Fitzsimons
General Hospital personnel for surgical training of interns and resi-
dents, Approximately 40 Fitzsimons General Hospital surgical
residents and interns utilized the laboratory surgical facilities during
the past year, Finally, a surgical training program for students of
the Clinical Specialists! Training Pregram at Fitzsimons General
Hospital is being conducted. During the past year, 80 clinical spe-
cialist trainees have received training in suturing techniques of
lacerations and wounds.

CONCLUSIONS:

Surgical support for physiological and metabolic studies by USAMRNL
staff is being provided. New surgical techniques and improvement of
standard technaiques are being sought. Surgical support to research
programs carried on by Fitzsimons General Hospital is being given.
Student training has been successful and will continue.
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PUBLICA TIONS:

Evers, W,H., Enostosis ina Dog. J.A.V.M.,A, 154 (Aprill, 1969):
799-803.
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3 TECHNICAL OBJECTIVE." 24 APNROACH, 20 PROGRESS (Fumish (ndl vidus! percgraphe idenitllad by aumber Precedw taxt of euch with Securtly Claeetficarion Code )
23, (U) Tech Objective: To maintain animals used by the divisions of the laboratory
and to detect and study diseases of laboratory animals.
24, (U) Approach: Animale are housed, exercised and fed in accordance with experi-
menters' directions and humane principles. Routine and special pathologic and clini-
copathologic technics are used to elucidate cause, pathogenesis and pathologic altera-
tions of diseases in laboratory animals. Some technics used are light and electron
microscopy, histochemistry, enzyme histochemistry, clinical examinations, clinical
laboratory tests and photographic recording ¢\ lesions.
25. (U)Progress(Jul 68 - Jun 69): Approximately 4580 animals were acquired; 680 of
these (rodents) were bred and reared, the rest purchased. Included were 2882 rats,
420 mice, 29C guinea pigs, 216 dogs, 600 chickens, 80 rabbits, 30 monkeys, and les-
sc: numbers of turkeys, ground squirrels, tree shrews, gerbils and cats. These fig-
ures do not reflect animals maintained this year but acquired during the previous year
(caimans and many dogs). 726, including 561 necropsies, were accessioned. These
cases generated 5,342 tissue blocks, more than 7000 H& F slides, and more than 1100
specially stained slides. 142 cases, each consisting of several specimens, were ac-
cessioned for electron microscopy.

Tissue collections were completed for studies of Dietary Steatitis in Caimans,

Studies have been initiated in Vitamin D3 therapy for Simian Osteodystrophy, Steroid-

induced Osteomalacia in Rabbits and Steroid Withdrawal in chp. .
Four oral presentations and 7 publif:féionn resulted from this work unit and are

vailable to contractors uj ongnator's el

DD rorm ‘498 PREVIOUS EDITIONS OF THIS FORM ARE OBSGLETE OD FORMS 1408 A 1 NOV ¢§
1 MAR 68 AND 1498:1 | MAR 68 (FOR ARMY USE) ARE OBSOLETE

Staphlococcal Infections in Rabbits, Feline Infectious Peritonitis and Turkey Myopathy].
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& ABSTRACT
PROJECT NO. 3A061102B71R Research in Biomedical
Sciences
TASK NO. 02 Internal Medicine
WORK UNIT NO. 057 Maintenance of

Animals and Study
of Pathology of
Animals Utilized
in Research

This work unit covers the division's studies in diseases of laboratory animals,
the maintenance of animals used by all divisions, the conduct of a training program

in veterinary pathology and the provision of pathology services to other laboratory
divisions.

___Seven hundred twenty-six cases, including 561 necropsies, were accessioned.
These resulted in 5,342 tissue blocks, more than 7,000 H&E slides, more than
1,100 specially-stained slides, and a few thousand unsteined slides. These
materials are used in the Veterinary Pathology Preceptorship Program in addition
" to supporting case studies and publications. s

About 4,500 animals were reared or obtained from outside sources. Included
were 2,882 rats, 420 mice, 290 guinea pigs, 216 dogs, 600 chickens, 80 rabbits,
30 monkeys and approximately 50 each of turkeys, gerbils, squirrels and a small
number of tree=shrews, caimans and iguanas.

The total numbers of animals used and of tissue processed are somewhat less than
FY 68 (except 80% increase in number of dogs used, 30% increase in number of

mice and several -fold increase in number of chicks). The decrease reflects the

laboratory -wide personnel shortages for the year, as well as a possible trend away

from morphologic methods and in vivo studies. Pathology Division generates most
-of the requirements for tissue processing. Technician shortages have required cur-
~ tailment of microslide production.

In vivo phases of studies carried over from FY 68, involving investigations of
spontaneous disease of animals, were completed. For most of these the tissues

are not completely processed or the slides read and the dato tabulated (Myopathology
in Turkeys, Steatitis in Caimans, Staphylococcus in Rabbits).
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RUDY OFf REPOR]
WORK UNIT NO. 057 Mo nrengrce of Animals
ond S1.dy of Patrology
ot Animaly Urilized in
Reseaich

EEQBLE M:

1. To detect, diagnose and study disease occurring in this laboratory's
onima! colony ond to initiote studies designed to elucidate the noture, potho-
genesis ond pathology of diseoses of laboratory animals,

2. To mointain animols used by oll divisions of the loboratory.
3. To provide pothology service to the loboratory. This function also supplies

case materioi ond support for the Veterinory Pathology Praceptorship Progrom,
o program designed to train coreer VC officers in animo!l pathology.

"RESULTS AND DISCUSSION OF RESULTS:

1. As in previous years, spontoneous disease wos rare in the onima! colony.
This is attributed to careful husbandry, careful selection of onimol suppliers and

_the nature of the studies, which require younger animols, primarily, There were

o smoll number of rabbits purchased with hepatic coccidiosis, some with eor mites

and some rats with chronic murine pneumonio, but the total number was very small.

Dogs from o locol municipol pound occosionolly develop respirotory disease or
enteritis during the First few days of conditioning but most respond to therapy.
Those which do not respond usually have canine distemper and ore euthonotized.

.. 2. Diagnosis of Tyzzer's Disease: One shipment of young rots contained o

number of animols which toiled to grow nomolly prior to being ploced on experi-
ment. The "poor doers" were sacrificed and several hod focol hepatic necrosis
and slightly distended intestines. In one such rat, typicol introcytoplosmic

bacterio (Bocillus piliformis) were present in hepatocytes ond intestinal epithelium.

These organisms, which cannot be grown on artificiol media, were not found in
the other similarly -offected onimals. This is opporently the first recorded incident
of this disease occurring spontanecusly in rats, At presentotion of this cose at

the 1969 meeting of the International Academy of Pothology, on investigator
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Mo ~tenonce of Animals ond 5ty of Pathoiogy oF Arimals U* . Lazeg - Rewmgro- {ort o

from Ya'e University Schodi of Medicine commented rhat re tad erpe-ienced
G similar outbreok, but in rots olready on experiment. Cur case is veing
readied for publication,

3. Pathology Service.
¢. Light microscopy.

In uddition to intradivisional research, input includes submissions from inves-
tigators of other USAMRNL Divisions, some from Clinicol Reseorch Service, Fitzsimons
General Hospital and speciol cases solicited from the Denver Zoological Park,
privote vetérinary proctitioners and the Animol Service of the University of Colorado
Medicol Center. The special coses provide varied species and diseose conditions
for the fraining program.

Seven hundred twenty-six coses, including 561 necropsies were accassioned.
these resulted in 5,342 fissue blocks, more than 7,000 slides stained with hematoxylin

- -and eosin, more thon 1,100 stained with special stains and dpproximately 7 000
~unstained slides. The decrease in this output when compored to FY 68 is ottriduted

to the overoall USAMRINL personnel shortages as well as possible trends away from
morphologic methods of investigntion. Further, Pothology Division generates the
largest requirement for fissue processing: overhead microslide production hos been

© curtailed by rechnician shortage.

While the quality of microsiides produced is generally very good, there is o

backlog of approximately 100 coses at this time. This results from one civilion (GS-7)
position which was vocant for the last 11 months of FY 68 due to the hiring fresza
‘and actual strength of 1-3 enlisted tachnicions for the yeor when six are authorized

~ond required.
b. Electron Microscopy.

This service has been performed by an MSC eléctron microscopist with the

. aid of an equivalent of 1 fechnicion (2 parr-time). In oddition fo Work

Unir 054, Ulfrostructure of Animol Tissue, which is reported seporately, uvltra-
strucfural sfudies hove been carried ocut collaborarively with USAMRINL divisions,
with several sevvices of Fitzsimons General Hospifal and with the Notional Jewish
Mospital, Denver. There weve approximately 160 efectron microscope assessions
under the 057 work unif, resuifing in some 220 photogrophic plates.
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noted ~ith the Light microscope nod ' be over.ocked decor.se 5 srortage
teckrico' nelp. Similorly, there (s 2 so5r uneqplored ares 0 Llrosr ucrura
characterizotion of tissue of normol laborarory animals. T-e normol Llwrosrroctore
must be defined os o basis for evaluotion of chonge praduced by experimantation,
These importont ond productive areos row go unexplsred for lock of sufficient
technicol help,

c. Autorodiogrophy.

A colloborotive study with the University of Colorado Chemistry Departiment
on Vitamin C generated approximotely 150 microslides which ware cooted with
photographic emulsion and will be exomined for ceilular location of rriti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>