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GENERAL INFO TION

ORGANIZATION

The United States Army Research Institute of Environmental
Medicine (USARIEM) is organized with an Office of the
Commander, the Military Detachment, three Research
Directorates, a Research Programs and Operations Division
and an Administrative Support Division. The organization
chart of USARIEM is attached as Appendix A.

The three Research Directorates were organized on 1 October
1990 to consolidate eight Research Divisions, as follows:

a. The Environmental Pathophysiology Directorate,
Dr. Roger W. Hubbard, Director. The Directorate
incorporates the Cellular Physiology and Pathology Division
and the Comparative Physiology Division.

b. The Environmental Physiology and Medicine
Directorate, Dr. Kent B. Pandolf, Director. The
Directorate incorporates the Altitude Physiology and
Medicine Division, the Biophysics and Biomedical Modeling
Division, and the Thermal Physiology and Medicine Division.

c. The Occupational Health and Performance
Directorate, Dr. James A. Vogel, Director. The Directorate
incorporates the Military Nutrition Division, the Military
Performance and Neuroscience Division, the Occupational
Medicine Division, and the Occupational Physiclogy
Division.

The Research Programs and Operations Division, Dr. Murray
P. Hamlet, Director, incorporates the Research Plans and
Operations Branch, the Bioengineering Branch and the Animal
Care Branch.

The Administrative Support Division, Bethany L. Cruse, CPT,
MS, Chief, incorporates the Resource Management Branch, the
Information Management Branch and the Logistics Branch.
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LOCATION

USARIEM is located at the United States Army Natick
Research, Development and Engineering Center (NRDEC), in
Natick, Massachusetts.

\'/ 0) G NT

a. By Section VI, General Order 33, Headquarters,
Department of the Army, 20 September 1961, USARIEM was
established as Class II activity under the jurisdiction of
The Surgeon General, effective 1 July 1961.

b. General Order No. 40, Department of the Army,
Office of the Surgeon General, 1 December 1961, assigned
USARIEM to the United States Army Medical Research and
Development Command, Washington, DC, effective 1 July 1961.

c. The USARIENM was last provisionally reorganized by
Memorandum dated 25 September 1990, signed by the Deputy
Commander of HQ, United States Army Medical Research and
Development Command, effective 1 October 1990.

IENANCY

a. USARIEM is a tenant on the NRDEC installation and
receives administrative and logistical support from NRDEC
on a reimbursable basis and in accordance with an annually
renewed, intra-service support agreement.

b. The Pikes Peak Laboratory Facility, Colorado, is
a subordinate activity of USARIEM and is utilized on a
seasonal basis when a research requirement exists.
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MISSION

To sustain and maximize the health and performance of
individual military personnel, crews and troop populations
through the conduct of basic and applied research programs
in environmental medicine (heat, cold and altitude), and
military work performance, training and nutrition. The
Institute conducts basic research to elucidate mechanisms
and sequelae of environmental stress and injury, and
performs applied research to provide preventative and
therapeutic countermeasures to the performance decrements,
injuries and illnesses associated with military operations
which expose forces to a wide spectrum of environmental
conditions, physical and mental demands, materiel systems
hazards and combat stress. Defines the complex interaction
of environmental stress, operational stress and Army
systems. Develops, evaluates and assists in the
implementation of strategies to protect the soldier and
enhance performance. 1In coordination with the U.S. Army
Natick Research, Development and Engineering Center and
through 1liaison with other Federal agencies, conducts
research to develop the technology base required to
evaluate feeding strategies for operational rations and
nutritional supplements to minimize soldier performance
decrements under sustained combat conditions. Discharges
the Army Surgeon General's responsibilities as DoD
executive agent for nutrition. Assists USANRDEC in the
development of personal clothing and equipment by assessing
the physiological impact of these items under all climatic
conditions. Provides technical advice and consultant
services to Army commanders, installations and activities
in support of the Army Preventive Medicine Program and, on
request, to other Federal agencies.
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EY STAFF AS OF: 3 ECEMBER 1993

Gerald P. Krueger, COL, MS, Ph.D., Commander and
Scientific/Technical Director

Gaylord C. Lindsay, III, LTC, MS, Ph.D., Deputy Commander
Robert E. Burr, LTC, MC, M.D., Medical Advisor

Beau J. Freund, MAJ, MS, Ph.D., Executive Officer

Charles L. Burton, CPT, MS, Adjutant/Detachment Commander
Raymond W. Dickinson, SFC, Chief Medical NCO

James A. Vogel, Ph.D., Director, Occupational Health and
Performance Directorate

John F. Patton, Ph.D., Chief, Occupational Physiology
Division, Occupational Health and Performance Directorate

Bruce H. Jones, LTC, MC, M.D., Chief, Occupational Medicine
Division, Occupational Health and Performance Directorate

Eldon W. Askew, COL, MS, Ph.D., Chief, Military Nutrition
Division, Occupational Health and Performance Directorate

Harold E. Modrow III, MAJ, MS, Ph.D., Chief, Military
Performance & Neuroscience Division, Occupational Health
and Performance Directorate

Kent B. Pandolf, Ph.D., Director, Environmental Physiology
and Medicine Directorate

Michael N. Sawka, Ph.D., Chief, Thermal Physiology and
Medicine Division, Environmental Physiology and Medicine
Directorate

Richard R. Gonzalez, Ph.D., Chief, Biophysics and
Biomedical Modeling Division, Environmental Physiology and
Medicine Directorate
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Allen Cymerman, Ph.D., Chief, Altitude Physiology and
Medicine Division, Environmental Physiology and Medicine
Directorate

Roger W. Hubbard, Ph.D., Director, Environmental
Pathophysiology Directorate

Wilbert D. Bowers, Ph.D., Chief, Cellular Physiology and
Pathology Division, Environmental Pathophysiology
Directorate

Ralph P. Francesconi, Ph.D., Chief, Comparative Physiology
Division, Environmental Pathophysiology Directorate

Murray P. Hamlet, D.V.M., Director, Research Programs and
Operations Division and Acquisition Management Liaison
Officer

Charles E. Watson, CPT, VC, D.V.M., Chief, Animal Care
Branch, Research Programs and Operations Division

John M. Foster, Chief, Bioengineering Branch, Research
Programs and Operations Division

Bethany L. Cruse, CPT, MS, Chief, Administrative Support
Division and Logistic Branch

Ms. Violet M. Trainer, Chief, Resource Management Branch,
Administrative Support Division

Ghislain Busque, SFC, Chief, Information Management Branch,
Administrative Support Division

Marie E. Stephens, Personnel and Manpower Section, Resource
Management Branch, Administrative Support Division




DA PROJECT NO.

3M161101A91C
3M161102BS15
3M162787A875
3M162787A878
3M162787A879

3M263002D819

3M463807D837

3M463807D993

3M263002D995

ALLOCATION AND FUNDING

TITLE

In-House Laboratory Inde-
pendent Research

Science Base System
Health Hazards Research

Medical Chemical Defense -
Exploratory Development

Health Hazards of Military
Materiel and Operations

Medical Factors Enhancing
Soldier Effectiveness

Field Medical Protection
and Human Performance
Enhancement - Nonsystems
Advanced Development

Soldier System Protection -

Advanced Development

Medical Defense Against
Chemical Threats -
Advanced Development

Medical Chemical Defense
Life Support Materiel -

USARIEM
CcY93

FUNDS

$ 108,000

1,606,000

372,000

880,000

3,199,000

744,000

20,000

192,000

588,000

Nonsystems Advanced Development

TOTAL FY93 PROGRAM

$ 7,709,000
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upp D NTENANC CTIVITIES

During CY93, 4,482 requests were processed by the Logistics
Branch as indicated below:

Expendable 3,279
Class VIII 161
MSO's 595
Non-Expendable 790
One-Time Service 305
Cylinder Turn-in 35
Continual Service 45
Durables 37
Precious Metal 4
Linen 12
Controlled Substance 8
Adjustments 1

The Biomedical Maintenance Branch performed a total of
4,716 Scheduled Service Actions and sent 424 items to
Watertown, MA for calibration.
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BUILDING AND FACILITY EQUIPMENT

Entire roof replaced and sealed.

Asbestos removed from pipe joints above ceiling and
chaseways on first and third floors. This completes
asbestos removal project for entire building.
Logistics storage building installed on loading dock.

First research study successfully completed in
environmental chamber 024.

Two new environmental animal chambers (TESCOR)
installed and accepted.

‘Contract awarded to replace central air conditioning

absorption chillers with two new electrically operated
chillers.

Contract awarded to update and label all electrical
panels.

Replaced/refurbished passenger/freight elevators.
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OFFICE OF THE COMMANDER

T SSJO ACTIVITIES:

1. In continuation of the effort directed by the Vice
Chief of Sstaff, Army during Operations Desert Shield/Storm,
to provide guidance to small unit leaders to sustain the
health and performance of soldiers deployed to harsh
environments, this Institute prepared another deployment
manual: "Sustaining Health and Performance in the Former
Republic of Yugoslavia”. This handbook was prepared by the
U.S. Army Medical Research and Development Command under
the Editorial supervision of the USARIEM Command Group from
input provided by the staffs of the Walter Reed Army
Institute of Research and USARIEM. 1Initially 600 copies
were distributed to units deployed to Macedonia and to
FORSCOM/USAREUR units preparing for deployment to FRY. This
handbook is USARIEM Technical Note 93-6, DTIC AD-A266 413.

2. To complement other health and performance guidance
published by USARIEM, similar guidance was published for
nutrition. "Nutritional Guidance for Military Field
Operations,” provides unit leaders with guidance to
maintain nutrition and health of troops. This USARIEM
Technical Note (TN 93-8) has already been adopted by the
Army Quartermaster for ration training courses.

3. Demand for the whole series of USARIEM's Tech Notes
designed for soldiers and leaders in the field has been
extraordinary. The highly successful booklet prepared for
Desert Shield (TN 91-1) was prepared in pocket size (TN 91-
2) to fulfill the request of General Sullivan, then VCS;
19,000 copies were distributed for Desert Shield/Storm. 1In
FY 93, this important soldier guidance document for desert
deployment was reprinted several times (3,000 more copies)
at the request of U.S. Forces for use with rotational units
deploying to Southwest Asia as residual peacekeeping forces
in Kuwait, the Sinai, etc. The 50+ years of USARIEM's
research work that went into the preparation of this Desert
Shield gquidance document, and the fielding of the document
itself, were publicly credited by the Army Surgeon General
for having minimized heat related casualties during one of

10
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the historically largest US military deployments. These
deployment manuals are a testament to the actuality that
USARIEM research frequently leads to solutions to Army-wide
deficiencies and improves Army Doctrine, Training and
Leader Development. These solutions are more economical
when compared to Organizational changes or Materiel
acquisitions. It is precisely this point, the economics of
USARIEM's solutions to Army-wide problems in meeting
warfighter needs, which is most appealing in a period of
constrained budgets.

4. A second medical officer handbook, USARIEM Technical
Note 93-4, "Medical Aspects of Cold Weather Operations: A
Handbook for Medical Officers" was prepared and
distributed. This technical note provides the latest
state-of-the art guidance for medical officers and their
staff, on the prevention, identification and treatment of
cold injuries. We envisioned the need for cold injury
treatment of US and NATO peacekeeping forces, and also for
the provision of emergency medical care for innumerable
refugee cold injury casualties in the severe Bosnia winters
of 1993 and 1994.

In FY 93, both the TN 93-4 on cold injuries, and the
previous year's handbook, TN 91-3, on medical treatment of
heat illness, were adopted in the curricula of the tri-
service Deployment Medicine Course by the Joint Medical
Readiness Training Center. These two TNs have become Army
Medical Department consensus medical guidance documents,
and now serve as the basis for OTSG's proposed revisions of
tri-service Technical Bulletins Medical No. 507 on heat and
508 on cold. A similar medical handbook for altitude
illness was prepared in FY 93; it will be printed in FY 94.

5. The "Outside-the-Boot Ankle Brace" was adopted and is
being used by the Infantry School at Ft. Benning, GA, in
the basic Airborne course. The German Army Chief of Staff
requested prototypes of the brace from USARIEM and now has
the German Airborne Bde testing this same ankle brace.

6. USARIEM's scientists designed and fielded for the U.S.
Marine Corps Program Manager-Soldier a technically advanced
two-piece bootsock system: a thin polyester liner sock with

11
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a thick outer sock of 50% wool and 50% polypropylene
blended into a single thread (patent applied for). USARIEM
tested this sock system with Army Rangers and Marines in FY
93, demonstrating significant reductions in the incidence
and severity of foot blisters. Cold weather testing is now
in progress at the Marine Corps Mountain Warfare Training
Center in Bridgeport, CA. This unique sock system is being
adopted by the U.S. Marines for type classification. Army
Rangers and various SOF groups are beginning to use it with
great success. Undoubtedly, the generation of an Army
Infantry requirements document for a new bootsock system
will follow. :

7. USARIEM continued initiatives began in the last CY to
interact with SOF, Ranger, Airborne and other rapid
deployment units. Researchers from this institute
conducted an evaluation of the Special Forces Assessment
and Selection Course at Fort Bragg.

8. The Surgeon General's professional short course
"Current Concepts in Environmental Medicine" was delivered
to 55 AMEDD members at USARIEM, 3-7 May 1993. Didactic
units were presented in Effects of Heat, Cold and High
Terrestrial Altitude; Epidemiology of Military Training
Injuries; Physiological Effects of Bacx-Packing Heavy
Loads; Military Nutritional Needs, Present and Future; and
Physical and Psychological Effects of Sustained Operations
and Environmental Extremes. BG James Peeke, Commander,
44th Medical Brigade, gave the keynote address.

PUBLICATIONS:

1. Caldwell, J.A., €. O'Hara, J.L. Caldwell, R.L.
Stephens and G.P. Krueger. Personality profiles of U.S.
Army helicopter pilots screened for special operations

duty. Military Psychology, 5:187-199, 1993.

2. Burr, R.E., Medical QAspects of Cold Weather
Operations. Natick, MA: US Army Research Institute of
Environmental Medicine, Technical Note 93-6, 1993.

3. Burr, R.E., Trenchfoot. Journal of Wilderness
Medicine, 4:348-352, 1993.

12
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BRESENTATIONS:

4. Krueger, G.P. Sleep and Fatigue: What We Know From
Other Fields. By Carl E. Englund and Gerald P. Krueger.
Presentation at Society for Technology in Anesthesia
Meeting: Performance Shaping Factors, New Orleans, LA, 18
February 1993.

5. Krueger, G.P. Sustaining Health & Performance During
Deployment to Harsh Environments. At the Special
Operations Exposition & Trade Show, Tampa, FL, 24 March
1993 and at Fayetteville, NC, 14 July 1993,

6. Krueger, G.P. South Vietnamese Lifestyle, Culture and
Hardship: A US Advisor's Perspective on Life in Vietnam =~
1971-72. Lecture to political science class: U.S.
Involvement in Vietnam, at the University of Maryland,
College Park, MD, 15 April 1993.

7. Krueger, G.P. Sustained Performance in Continuous
Operations: Workload, Fatigue, Rest and Sleep Needs of
Combatants. At US Army Medical Department Current Concepts
in Environmental and Operational Medicine Course, Natick,
MA, 5 May 1993.

8. Krueger, G.P. Ergonomics and Environmental Medicine
Research: Sustaining Health and Performance of Soldiers
(including slides and proceedings handout in Russian
language). At: International Ergonomics Association
Scientific Conference entitled Ergonomics in Russia, the
Other Independent States and Around the World: Past,
Present and Future, St. Petersburg, Russia, 24 June 1993,
Presented again at the State Medical Advance Institute, St.
Petersburg, Russia, 24 June 1993.

9. Krueger, G.P. Ergonomics and Environmental Medicine
Research: Sustaining Health and Performance of Soldiers &
Research Capabilities of the US Army Research Institute of
Environmental Medicine (including slides and proceedings
handout in Russian language). At: Applied Ergonomics
Association Headquarters, Moscow, Russia, 29 June 1993,
Presented again at the Moscow State University Department
of Medicine, 29 June 1993.

13
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10. Krueger, G.P. Research Applications to Psychological
and Physiological Stressors Associated with Military
Training, Deployment and Operations. At 1993 NATO Stress
Workshop, San Antonio, TX, 9 December 93.

11. Burr, R.E. Human Factors in Military Operations,
USUHS, Dept of Military and Emergency Medicine, Bethesda,
MD, September 1993.

12. Burr, R.E. Implementation of a Heat Strain Prevention
Program at JCADS, Annual Army Preventive Medicine Officer's
Conference, Falls Church, VA, September 1993.

13. Burr, R.E. Medical Aspects of Deployment to Harsh
Environments, 121st General Hospital Annual Medical
Conference, Kansas City, MO, September 1993.

14. Burr, R.E. Management of Heat Strain in Chemical
Storage and Demilitarization Operations, Toxic Chemical
Training for Medical Support Personnel, Aberdeen Proving
Ground, MD, April/October 1993,

15. Burr, R.E. Current Concepts in Environmental
Medicine, Emergency Medicine Grand Rounds, Brook Army
Medical Center, San Antonio, TX, November 1993.

16. Burr, R.E. Medical Aspects of Cold Weather and High
Altitude Operations, USAF Global Medicine Course, Brooks
AFB, San Antonio, TX, February 1993; and US Army Flight
Surgeon Course, Ft. Rucker, AL, February/August/October
1993.

17. Burr, R.E. Heat Stress: Implications for Emergency
Service Workers, Tri-Service Emergency Medicine Symposium,
San Antonio, TX, May 1993.

SIGNIFICANT TDY:

Gerald P. Krueger, Ph.D., COL, MS. Served as Army
representative on Science Technology Interdependency Group
(STIG) Operations Committee Program Review Meeting at NASA
Space Center, Houston, TX, 31 January - 2 February 1993.

14
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Gerald P. Krueger, Ph.D., COL, MS. To present paper and
attend Society for Technology in Anesthesia Third Meeting,
New Orleans, LA, 17-19 February 1993. Participate in AAMI
Human Engineering Committee: Human Factors for Design of
Medical Devices, New Orleans, LA, 20 February, 1993.
Participate in ASBREM JTCG-V Meeting on Operational
Medicine at Naval Health Research Center, San Diego, CA
22-24 February 1993.

Gerald P. Krueger, Ph.D., COL, MS. To attend Special
Operations Exposition and present speech: "Sustaining
Health and Performance During Deployment to Harsh
Environments," Tampa, FL, 22-28 March 1993.

Gerald P. Krueger, Ph.D., COL, MS. To attend Personnel
Management for Executives Course (PME) II, Lancaster, PA,
19-23 April 1993.

Gerald P. Krueger, Ph.D., COL, MS. To present paper at
Scientific Conference: Ergonomics in Russija: Other
Independent State Institute for Development of Doctors;
visit USSR Cardiology Research Center, St. Petersburg, 19-
24 June 1993. Visit/lecture at Specialized Center for
Disaster Medicine, Moscow, 25-29 June 1993.

Gerald P. Krueger, Ph.D., COL, MS. To attend and present
at the Special Operations Exposition, Fayetville, NC, 12-15
July 1993.

Gerald P. Krueger, Ph.D., COL, MS. To serve as session
chairman and attend Space Technology Interdependency Group
Space Operations, Application and Research Symposium, NASA,
Houston, TX, 3-5 August 1993. Served as Army member of
STIG Workshop, Atlanta, GA, 5-6 August 1993.

Gerald P. Krueger, Ph.D., COL, MS. Participated in the
JTCG-5 ASBREM briefing to Office of Undersecretary of
Defense, Ft. Detrick, Frederick, MD, 25-26 August 1993.

Gerald P. Krueger, Ph.D., COL, MS. To attend and
participate in Human Factors and Ergonomics Society 37th
Annual Meeting and participated in Executive Session
Meetings, Seattle, WA, 11-15 October 1993.

15
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Gerald P. Krueger, Ph.D., COL, MS. Medical liaison visits
to Centre Recherche Service Sante des Armees, Grenoble,
France, 1 November 1993; to serve as US National
representative to NATO ORG Panel 8 Workshop to produce a
"Commanders Guide to Sleep & Wakefulness," Lyon, France, 2-
4 November 1993; Centre de Recherche de Medicine
Aerospatiale, Breitgny, France, 5 November 1993.

Gerald P. Krueger, Ph.D., COL, MS, To present USARIEM
programs on Soldier Stress Research to NATO Stress
Workshop, San Antonio, TX, 8-10 December 1993.

Robert E. Burr, M.D., LTC, MC. To instruct at the Global
Medicine Course on Cold Injury and High Altitude Effects,
USAF School of Rerospace Medicine, Brooks, AFB, TX, 24-26
February 1993.

Robert E. Burr, M.D., LTC, MC. To attend Navy Cold
Pathophysiology Program Review, Naval Medical Research and
Development Command, Bethesda, MD, 28-29 April 1993.

Robert E. Burr, M.D., LTC, MC. To instruct at Tri-Service
Course in emergency medicine, San Antonio, TX, 11-14 May
1993.

Robert E. Burr, M.D., LTC, MC. To assess Heat Stress
Prevention Program in support of Phase II Wyoming MOU at
Johnston Island, 23-28 May 1993.

Robert E. Burr, M.D., LTC, MC. To teach at Toxic Chemical
Training for medical support personnel, Edgewood, MD, 15-17
June 1993.

Robert E. Burr, M.D., LTC, MC. To instruct at the Flight
sSurgeon Course, Ft. Rucker, AL, 30 July 1993.

Robert E. Burr, M.D., LTC, MC. To present a talk at 102nd
ARCOM Medical Symposium, Kansas City, MO, 18-19 September
1993,

Robert E. Burr, M.D., LTC, MC. To present at the Annual
Preventive Medicine Officers Symposium, Falls Church, VA,
20-23 September 1993.

16
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Robert E. Burr, M.D., LTC, MC. To teach at the Toxic
Chemical Training Course, Edgewood, MD, 19-21 October 1993.

Robert E. Burr, M.D., LTC, MC. To instruct at the US Army
Flight Surgeon School, Ft. Rucker, AL, 3-4 November 1993.

Robert E. Burr, M.D., LTC, MC. To present emergency
medicine grand rounds at Brook Army Medical Center, San
Antonio, TX, 11-12 November 1993.

Gaylord C. Lindsay, 1II, Ph.D., LTC, MS. To attend the
HQODA sponsored Personnel Management for Executives (PME)
Course, Lancaster, PA, 2-12 February 1993.

Gaylord C., Lindsay, III, Ph.D., LTC, MS. To participate in
ASBREM JTCG-V meeting on operational medicine at the Naval
Health Research Center, San Diego, CA, 22-26 February 1993.

Gaylord C. Lindsay, 111, Ph.D., LTC, MS. To represent HQ,
USAMRDC at the Louisiana Maneuver Exercise Coordination
Conference, Ft. Leavenworth, KS, 27-30 April 1993,

Gaylord C. Lindsay, III, Ph.D., LTC, MS. To attend Air
Assault School, Ft. Rucker, AL, 23-29 May 1993,

SIGNIFICANT VISITORS:

. Country: Australia
Names: MAJ Stephan Rudzki
Purpose: To discuss mutual interests with MAJ Knapik
regarding Defence force fellow research
training injuries in Australian Army

. Country: Australia
Names: Mr. Amos Denys
Purpose: To discuss development and evaluation of
microclimate cooling systems worn under NBC
clothing

. Country: British

Names: MAJ John Miller
Purpose: To discuss mutual interests with COL Krueger

17
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Country:
Names:
Purpose:

Country:
Names:
Purpose:

Country:
Names:
Purpose:

Country:
Names:
Purpose:

Country:
Names:
Purpose:

Country:
Names:
Purpose:

Country:
Names:
Purpose:

Country:
Names :

Purpose:
Country:

Names:
Purpose:

Canada
LCDR William Bateman
To attend the Current Concepts In

Environmental Medicine Course

France
Loic Langot and Paul Borredon
To discuss mutual interests with COL Krueger

India

Dr. W. Selvamurthy

To exchange- information on high altitude
studies

India

Mr. Manoj Sarvamitra Desai

To modify and debugg existing nutrient
analysis programs

Israel
Prof. Michal Horowitz
Present seminar

Israel

Dr. Aharon Levy

Evaluate histological samples and routine
collaborative research in military
performance and neuroscience

Israel
Dr. Yair Shapiro
To discuss potential NRC fellowship

Portugal

LTC Pedro Manuel cCaimoto Jacome and MAJ
Jorge Manuel Espirito Santo
To attend the Current
Environmental Course

Concepts in

Russia
Dr. Victor Koscheyev
To present seminar
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. Country: Saudi Arabia
Names: Dr. Amin Kashmeery
Purpose: Consult with Dr. Sawka on mutual research

. Country: United Kingdom
Names: Dr. Peter Cross, Ms. Sarah Cross, M.G.
Kalzell, Nigel Gaspar, Neil Wilson and Chris
Gooderson

Purpose: To discuss mutual interests with COL Krueger

. Country: United Kingdom
Names: COL John D. Sankey
Purpose: To meet with British liaison officer and his
commander officers

PROFESSIONAL APPOINTMENTS/ACTIVITIES:

Krueger, Gerald P., Ph.D, COL, MS, Commander. Space
Technology Interdependency Group (STIG) Operations
Committee (SOC) Aug 92 - Jun 94; Co-Chairman of SOC Human
Factors Subcommittee, Aug 93-Jun 94; member Life Sciences
Subcommittee; selected as 1 of 7 DoD Members of Human
Machine Operations Working Group for National Facilities
Planning Study (to review & critique all NASA & DOD human
factors & life sciences space research facilities for
retention, upgrade, mergers, closure etc.) Aug 93 - Mar 94;
US Senior Representative to Ad Hoc Group on Commander's
Guide to Sleep and Wakefulness, NATO Defense Research
Group, Panel 8, Defense Applications of Human & Biomedical
Science, Jan 93 - June 94

Lindsay, Gaylord C., III, Ph.D., LTC, MS, Deputy Commander.
USAMRDC Representative to the Louisiana Maneuvers Exercise
Coordination Conference. Chairman, Scientific Review
Committe and Program and Budget Advisory Committee.

Burr, Robert E., M.D., LTC, MC, Medical Advisor.

Instructor in Medicine, University of Massachusetts Medical
School.
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ENVIRONMENTAL PATHOPHYSIOLOGY DIRECTORATE
SEARCH FIND : S Y

During 10 days of heat acclimation while consuming
either a moderate or restricted salt diet, test
subjects successfully completed strenuous 8.5 h daily
bouts of intermittent treadmill walking without signs
of orthostatic intolerance or syncopal symptoms.

After 7 days of test subject dietary stabilization, a
restricted salt diet significantly reduced plasma
volume expansion during the subsequent 4-8 days of
heat acclimation, but full expansion was attained by
day 10.

Developed a miniature swine model for the study of
deep and prolonged hypothermia and rewarming shock.
Splenic contraction was identified as a major
contributor to the hemoconcentration attending
hypothermia and rewarming.

Prevention of hemoconcentration by splenectomy of
miniature swine appeared to correlate with a
significant risk of tachycardia and hypotension during
rewarming from deep hypothermia.

Mesenteric oxygen delivery, extraction and use were
determined during induced-cooling (3h), profound,
deep-body hypothermia (28°C; 2h) and rewarming (4.5h)
in the anesthetized swine model. Cooling reduced
whole-body oxygen extraction (35%) which remained
depressed (64%) in the gut during rewarming. Gut
oxygen use (VO,) slowly returned to precooling levels
during rewarming.

Heatstroke research has been hampered by lacking a
non-pet breed animal model large enough to provide
serial blood samples during the induction, duration,
and resolution of induced-hyperthermia. The
instrumented, anesthetized, passively-heated
microswine model was developed in response to this
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requirement. The significance of this development was
affirmed by invitation for an oral presentation to the
prestigious 1994 Army Science Conference.

The passively-heated heatstroke microswine model has
provided an invaluable analog data base on
cardiovascular, metabolic, clinical-chemical, and
immunological variables during progressive, lethal
hyperthermia. Comparison of this data base to a
comparable exercising-swine model, now coming on-line,
will provide a new experimental basis for unlocking
the mechanism of exercise-induced thermal intolerance
previously established in rats and humans. This new
system lends itself to direct product development and
evaluation of potential LPS-binders, anticytokines,
membrane stabilizers, and other candidate compounds.

Doppler flow probes and non-occlusive catheters have
remained functional and patent in the renal,
mesenteric, iliac, and/or hepatic vascular beds of the
conscious rabbit for up to 30 days.

The conscious instrumented rabbit has been developed
as a model to determine the effects of environmental
stress on splanchnic crgan blood flow and metabolism.
In particular, this model lends itself to evaluation
of the hypothesis that thermally-driven ion flux
stimulates aerobic glycolysis.

The hypothesis that an adenosine Al antagonist would
improve the exercise capacity of adult rats exercising
in the heat by increasing cardiac function produced
mixed results. Treated animals manifested improved
heart rate and blood pressure responses yet exhausted
with elevated plasma lactate levels and accompanying
acidosis, suggesting ischemic metabolic effects.

The proper functioning of the tissue Na/K ATPase (the
sodium pump) and its many counterparts are basic
enzymatic motors responsible for neural conduction,
muscle contraction, metabolic consumption and
elimination or, simply put, life itself. Recent
reviews from this department have stressed the
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potential role of these enzymes in molecular
adaptation to heat, «cold, and altitude. The
quantitation of these pumps with molecular probes will
soon document their involvement or not in tissue
acclimation to potassium depletion and/or heat
acclimation.

Hyperthermic exposure affects endothelial cell
metabolism to reduce the synthesis of prostacyclin, an
essential vasoactive element that influences
circulation.

The use of thermoelectric cooler controllers with
thermoelectric modules sjignificantly improves the
state of the art for the temperature regulation of
cell and/or tissue samples exposed to environmental
extremes.

Increased heat tolerance following  subchronic
anticholinesterase administration resembles changes
seen with heat acclimation in rats. This finding
implies that a pharmacological approach to an improved
heat acclimation status may be militarily relevant.

HSD treatment increased PV following hyperthermic
dehydration which contributed to increased radiant
cooling and survival. These militarily relevant
results serve to allay fears that HSD treatment could
inadvertently worsen heatstroke shock.

Although research is not complete, exposure of
artificial human skin (Skin?’) to temperatures from 37°
to 43°C for 90 min did not elevate PGE,, TxB, or IL-
la; however, subsequent and more preliminary data from
44° and 45°C suggest a threshold for induction of PCE,

and IL-la release.

PUBLICATIONS:
1. Hubbard, R.W., S.L. Gaffin, and J.R.S. Hales. Limits

of tolerance to the heat. In: Handbook of Physiology:
Adaptation to the Environment, C.M. Blatteis and M.J.
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Fregly, Editors, Oxford University Press, New York, NY.
(In Press), 1993,

2. Hubbard, R.W., S.L. Gaffin, and D.L. Squire. Heat-
related Illnesses. In: Third Edition of Ma t
Wilderness and Environmental Emergencies, Paul S. Auerbach,
M.D., Editor, Mosby-Year Book, Inc. of St. Louis, MO. (In
press), 1993.

KEY BRIEFINGS:

3. Roger W. Hubbard, Ph.D. Mr. Herbert S. Hoffman,
Civilian Aide to The Secretary of the Army, First U.S. Army
Area-East, Mr. Roger Saunders, Civilian Aide for
Massachusetts, and LT Michael Finer, USAR, Assistant to Mr.
Hoffman. USARIEM, Natick, MA, 8 February 1993.

4. Roger W. Hubbard, Ph.D. Review & Analysis of our
Research Programs to COL Schnakenberg, MAJ Leu, RA I1II: LTC
Moore and MAJ Shimomora, RA V; COL Lake, MRDC Comptroller;
and COL Tyner, MRDC Deputy Commander. USARIEM, Natick, Ma,
11-12 February 1993.

5. Roger W. Hubbard, Ph.D. Colonel G., F. McCauley,
Deputy Chief, Defence and Civil Institute of Environmental
Medicine (DCIEM), North York, Ontario, Canada. USARIEM,
Natick, MA, 6 August 1993.

6. Roger W. Hubbard, Ph.D. Review & Analysis of RA III
Research Programs to COL Robert Gifford, Director RA I1I,
and MAJ Karl Friedl, staff Officer RA III. USARIEM,
Natick, MR, 27 October 1993.

C Vv ORS:

William R. Beisel, M.D., F.A.C.P., Consultant, USAMRDC and
Adjunct Professor in the Department of Immunology and
Infectious Diseases at the Johns Hopkins University School
of Hygiene and Public Health, 15 April 1993.

Colonel Lee and Major Wong, Senior Medical Officers,
Republic of Singapore, 12 August 1993,
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Dr. Michal Horowitz, Department of Physiology, Hebrew
University, Israel, 23 September 1993.

PROFESSIONAL APPOINTMENTS/ACTIVITIES:
Hubbard, Roger W., Ph.D., Research Director. Member, DOD
Steering Committee on Field Water Quality. Adjunct

Professor of Pathology, Boston University School of
Medicine, Boston, MA. Member, Editorial Board Jaurnal gg

Wilderness Medjcine. Reviewer, Avj ce
Environme g;gl Medicine, ou;nal of Applied ghxg; logy, and

e. Appointed Grant Officer's
Representative (GOR) on 10 August 1993 for Grant No.
DAMD17-93-3-3031, University of Georgia, Principal
Investigator - Dr. John S. Willis, Grant Specialist - Kathy
A. Hackley.

Vv YS oG VISION

SIGN CANT S C NDING VELOPMENTS :

1. During rapid deployment from garrison to hot
environments, either jungle or desert, both caloric and
salt intakes are typically reduced while salt losses in
sweat é&re usually increased, particularly during the
initial days (d) of heat exposure. The present study was
designed to assess the impact of restricted salt (NaCl)
intake on the circulatory responses and incidence of
syncopal symptoms to upright posture (orthostatic test; OT)
during successive days of heat exposure, and to evaluate
the effect of heat acclimation (HA) on these responses.
Seventeen unacclimated male soldiers (mean = SE: age, 20zl
yrs) consumed a diet of about 4000 kcal/d containing 8g
NaCl (moderate salt, MS) and lived in a dormitory setting
(21°C, 30% RH) for a 7 d dietary stabilization period (d 1-
7). ©On d 8, soldiers were randomly assigned either to
continue on the MS diet (n=9) or consume a restricted-salt
diet (RS, n=8) which provided 4g NaCl/d, and also began a
10 d HA program (d 8-17; 8.5 hr intermittent treadmill
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walking/d, 30 min/hr, 5.6 km/hr, 5% grade, 41°C, 21% RH).
An OT was performed at 21°C on d 7 of the dietary
stabilization period and immediately before and after
treadmill walking on d 9, 11, 13, 15, and 17 during HA.
Blood pressure (BP) and heart rate responses and any
presyncopal symptoms were recorded for 4 min after assuming
an upright position from recumbency. All subjects
completed the OT before and after prolonged walking in the
heat without occurrence of either hypotension or
presyncopal symptoms irrespective of salt intake and day of
HA. Significantly smaller increases were observed in the
RS diet on d 11 (d 4 of HA) in diastolic pressure (RS: 4=x2
mmHg; MS: 22:2 mmHg) and mean blood pressure (RS: 6x4 mmHg;
MS: 18+1 mmHg) at 2- and 4-min standing post-treadmill
walking. Plasma volume expansion was also significantly
attenuate? in the RS (+2%, d 11; +7%, d 15) compared to the
MS diet (+11.5%, 4 11; +13%, d 15), although all sweat
losses incurred during HA were replaced hourly with equal
volumes of pure water. These results indicate that, with
adequate fluid replacement, prolonged work in the heat can
be performed without orthostatic hypotension or syncone
while consuming a RS diet of 4g NaCl/d. Further, the
circulatory responses to upright posture showed no
significant improvement with successive days of HA
irrespective of salt intake.

2. Central arterial hemodynamic changes were assessed
during active cooling, hypothermia, and rewarming in
splenectomized (SPX, n=4) and unsplenectomized (SP, n=4) 8-
10 month old male Yucatan miniature swine (34.0 = 1.4 kg).
Under isoflurane anesthesia, and using circulating-water
blankets, pigs were cooled to, and then maintained for 2
hours at a rectal temperature (T,.) of 27 x 1°C; hypothermia
was followed by rewarming to normothermia (37 = 1°C). There
were significantly (p = 0.05) greater changes in central
arterial hematocrit and hemoglobin (aHCT and aHGB) from
respective pre-cooling baseline levels in the SP group
during hypothermia and early rewarming (SP: aHCT,,, = 9-10%
RBC, and aHGB,, = 3.0-3.5 g/dl vs. SPX: aHCT,,, = 3-4% RBC,
and aHGB,,, = 1.5-1.8 g/dl). By the end of the rewarming
interval, splenic resequestration and extravascular
fluid shifts resulted in these values returning to
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baseline. 1In addition, cardiovascular instability was seen
in the SPX group compared to the SP animals as evidenced by
significant tachycardia and hypotension during rewarming.
We have concluded from these studies that hypothermia
causes significant hemoconcentration, and that splenic
contraction is the major cause of this hemoconcentration
during hypothermia and initial rewarming in miniature
swine. A splenectomized design should be considered for
swine studies that purport to pattern human
pathophysiology, especially for modeling deep hypothermia
and rewarming shock.

3. The effects of cooling (3h), hypothermia (T, .=28°C, 2h)
and rewarming (4.5h) on mesenteric oxygen delivery (DO,),
0, extraction and oxygen use (VO,) were studied in 7
anesthetized (2-3% isoflurane in air) splenectomized
miniswine (36+1 kg). Compared to precooling
(T,..=38.1+.2°C), mesenteric O, extraction and VO, were
reduced during cooling and remained depressed during
hypothermia (45% and 49% of precool, respectively, p<.05)
despite minimal change in DO,. A fall (31%) in gut
resistance (R,,,) during hypothermia was most likely due to
a decrease in mean blood pressure (BP, 7%) and not the
small rise in qut blood flow (Q,.., p=ns). Both whole-body
0, extraction (35%) and heart rate (HR, 17%) were lowered
by cooling. During rewarming, R, continued to fall (45%
from precool) without any further increase in Q,,, and
probably contributed to the sustained hypotension (25%
fall, p<.05). After rewarming (37.8%+.1°C), both HR and
whole-body O, extraction increased above precool values
(30%, p<.05). While gut O, extraction remained depressed
during rewarming (64% of precool, p<.05), gut VO, slowly
returned toward precool levels as a result of increased
arterial O, content (p<.05). Hematocrit increased (HCT,
12%, p<.05) during hypothermia and remained elevated during
rewarming indicating intravascular fluid loss. Glucose,
alkaline phosphatase and aspartate aminotransferase were
elevated in the mesenteric venous blood during rewarming
(p<.05) indicating hepatic or myocardial effects, although
mesenteric venous lactate levels were unchanged. 1In three
control miniswine (33+1 kg) maintained at 38.2%+.05°C for
9.5h, no significant changes were seen in circulatory,
metabolic or clinical variables in either mesenteric or
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whole-body measures. These results show that mesenteric O,
extraction and VO, are reduced during hypothermia and
rewarming. Moreover, mesenteric O, extraction and VO,
during rewarming (vs precool) were lower for a given DO,.

4. Many historical accounts have documented the key role
of heat illness in the outcome of military campaigns.
Since the pathophysiology of heatstroke (HS) is not fully
understood, we recently developed an anesthetized
microswine model; this species is large enough (22-46 kg)
to permit serial blood sampling to provide extensive new
information of the pathophysiology of HS. Microswine were
passively heated (T,, =41-43°C, RH=60%), and T, rose
linearly at the rate of 1.9°C/hour to 45-47°C at mortality
over a 3.5-5 hour heating interval, during which multiple
blood samples were taken. During the early phase of
heating, mean arterial pressure rose slightly, but at
T,.>41°C it declined continuously to 50% at 43.5°C. Heart
rate plateaued at T,_=38-43°C, spiked to peak at 44-45°C,
then fell precipitously until mortality. Respiratory rate
(RR) reached a maximum at 43°C, the same core temperature
at which PO, began to fall, and minimum PCO, and maximum pH
were attained. RR then declined with a concomitant
decrease in pH (to 6.7) while pCO, rose to >200 mm Hg at
mortality. Plasma potassium (K') virtually doubled during
hyperthermia (>7mEq/l). Calcium concentration declined to
a minimum at 44-45°C, then rose rapidly to near baseline
values before mortality. Lipopolysaccharides (LPS,
endotoxin) rose at T,>43.5°C, apparently by elevated
leakage from the gut lumen due to thermal and ischemic
damage, and may play a role in the pathophysiology of HS
as we previously proposed. Glucose increased early and
began to fall at T,,~44°C, approximately 40 min after an
elevation in insulin. Lactate commenced to rise at
T..=42.5°C. Several enzymes, including creatine
phosphokinase and aspartate aminotransferase, common
indices of heat injury, were elevated, but not until T,
=44°C. Close examination of the time course of elevations
and declines (e.g., K', Ca**, glucose) explains some of the
controversies in the literature concerning the effects of
HS on key clinical chemistry markers, and contribute to our
understanding of the pathophysiology of HS. The elevation
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in plasma K' was probably due to accelerated 1loss of
intracellular KXK' from temperature-induced increases in
membrane fluidity and in the number of K' channels. The
microswine model provides an opportunity to study the time
course of multisystemic changes during extreme
hyperthermia. This model may be useful in assessing
benefits of prospective therapies for heat illnesses, such
as dietary manipulation, vaccination, and administration
of LPS-binders, cytokines, anticytokines, and membrane
stabilizers.

5. Flow probes and non-occlusive catheters were
simultaneously implanted in the splanchnic and hindlimb
vasculature to measure regional blood flows and arterial-
venous differences of individual organs in the conscious
rabbit. ©Pulsed Doppler flow probes were constructed bv
modifying the technique of Haywood et al. (Am. J. Physiol.
241:H273-78, 1981), and non-occlusive catheters were
designed and constructed from Silastic tubing (0.6 mm or
0.9 mm OD) and surgical velour. Under anesthesia, a
laparotomy was performed and the renal, mesenteric, iliac,
or hepatic artery and portal vein were isolated and
instrumented with a flow probe. A non-occlusive catheter
was then inserted into the respective vein.
Instrumentation of the hepatic system required probes on
both the hepatic artery and portal vein, and non-occlusive
catheters into both hepatic and portal veins. One week
later, rabbits were re-anesthetized and non-occlusive
catheters were inserted into the superior vena cava via the
jugular vein and abdominal aorta to the level of the
coeliac axis. Probes and catheters were evaluated daily up
to 30 days. Implants remained functional for an average of
three weeks, permitting chronic measurement of velocity and
blood variables in individual tissue beds of the conscious
rabbit. These sophisticated methodologies will be applied
to determining the effects of environmental stress on
splanchnic organ blood flow and isolated organ metabolism.

6. Evaluated the hypothesis that elevated circulating
adenosine levels during endurance exercise suppress cardiac
function and therefore limit increases in cardiac output
and reduce performance. Therefore, an adenosine Al
antagonist ([NPC 205](1,3-di-n-propyl-8-(4-hydroxyphenyl)
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xanthine) was studied to determine the effects of adenosine
during exercise in the heat. We previously reported that
a 10 mg/kg dosage was apparently excessive, blocked both Al
and A2 receptors, and had no beneficial effects on
performance. 1In the current experiment, we assessed the
effects of a lower dosage on the ability of adult male rats
(350 g, saline or NPC 205, 1 mg/kg,ip) to exercise
(treadmill, 11 m/min, 6° incline) in a warm (30°C)
environment. Endurance capacity of saline- and NPC-treated
rats was not significantly different. However, the NPC
group exhausted at a lower core and tail skin temperature
with elevated plasma lactate levels and accompanying
acidosis. In apparent contrast, the same NPC group
demonstrated improved cardiovascular indices (heart rate
and blood pressure). Although the precise mechanism is
unclear, it appears that any beneficial cardiovascular
effects of NPC were counterbalanced by an exaggerated
metabolic response which contributed to exhaustion
independent of thermoregulation.

7. In an attempt to determine the effects of both chronic
potassium (K) depletion and chronic heat exposure on the
ability to affect the activity of sodium (Na) - potassium
pumps (i.e. Na/K ATPase activity), we have modified an
assay which provides a simple and rapid method for the
determination of the number of Na-K pumps based on the
number of H’-ouabain binding sites. Adult male rats were
divided into four treatment groups which consisted of a
control group (standard diet, 23-25°C), K depleted group(K-
free, Mg-supplemented diet, 23-25°C), heat-acclimated (28d)
control group (standard diet, 33°C) and finally a K
depleted, heat acclimated (28d) group (K-free, Mg-
supplemented diet, 33°C). Following exposure to the
treatment regimens various muscles and organs were excised
for analysis. Specific displaceable H’-ouabain binding
sites in isolated tissue preparations have been shown to
represent an equivalent number of Na-K pumps. In brief,
the methodology consists of excising small tissue biopsies
(2-14 mg) and transferring these to a Tris buffer (10 mM),
H,PO, (3mM), MgSO, (3mM), Tris vanadate (1 mM) and sucrose
(250 mM). Following 2 washes the samples are transferred
into a second incubation medium containing H’-ouabain (1.8
nCi/ml) at 37°C in conical tubes for approximately 60 min.
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Following the incubation with H’-ouabain , all samples are
washed in unlabeled buffer, blotted on dry filter paper,
and weighed. Each biopsy is allowed to soak overnight in
1 ml TCA containing 0.1 mM unlabeled ouabain as carrier.
After shaking, 0.5 ml is taken for scintillation counting
of the H’-activity. On the basis of the specific activity
of the incubation media, the amount of H'~activity retained
in the biopsies following the wash is calculated after
correction for non-specific retention and expressed as pmol
per g weight. Thus, the quantitation of the total
concentration of H'-ouabain binding sites which reflect Na-K
pumps will allow us to elucidate any cellular change that
is occurring in response to dietary and environmental
perturbations which ultimately impact organ function.
Tissue count data are being quantified so that specific
activity of ouabain uptake can be expressed as Na-K pumps
per gram of tissue wet weight.

PUBLICATJONS:

1. Armstrong, L.E., R.W. Hubbard, E.W. Askew, and R.P.
Francesconi. Responses of soldiers to 4-gram and 8-gram
NaCl diets during 10 days of heat acclimation. In:

jtj ee i (o) vironments, B.M. Mariott (ed).,
National Academy Press, Washington, D.C., pp. 247-2%8,
1993.

2. Armstrong, L.E., W.C. Curtis, R.W. Hubbard, R.P.
Francesconi, R. Moore, and E.W. Askew. Symptomatic
hyponatremia during prolonged exercise in the heat.

ici i i ise, 25:(5), 543~
549, 1993.

3. Armstrong, L.E., R.W. Hubbard, E.W. Askew, J.i.
DelLuca, C. O'Brien, A. Pasqualicchio, and R.P. Francesconi,.
Responses to moderate and low sodium diets during exercise-
heat acclimation. i

Nutrition, 3:207-221, 1993.

4. Francesconi, R.P., L.E. Armstrong, N.M. Leva, R.J.
Moore, P.C. Szlyk, W.T. Matthew, W.C., Curtis, Jr., R.W.
Hubbard, and E.W. Askew. Endocrinological responses to
dietary salt restriction during heat acclimation. In:
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iti ot vi e « B.M, Marriott (ed).,
National Academy Press, Washington, D.C., pp. 259-275,
1993,

5. Francesconi, R.P., Endocrlnologlcal and metabolic
response to acute and chronlc heat exposures. In: Handbook

o H t. M.J. Freqly
and C.L. Blatteis, editors, Oxford University Press, New
York, NY, In press, 1993

6. Francesconi, R.P., N.M. Leva, C. Johnson, and R.W.
Hubbard. Potassium deficiency in rats: Effects on rates of
dehydration and electrolyte homeostasis. Journal of

Thermal Biology, In press, 1993.

7. Gentile, B.J., C.R. Johnson, R.P. Francesconi, and
R.W. Hubbard. Thermoregqulatory effects of atropine in the
cold using a hypotrlchotlc rat model.

Broceedings of the
Medical Defense Bioscience Review, U.S. Army Medical
Research and Development Command, 2:575-584, 1993.

8. sils, I.v., P.C. Szlyk, K.A. Tartarini, L.J. Hubbard,
E. Glass, D.M. Caretti, and A.A. Darrigrand. Chronic
implantation of non-occlusive catheters and flow probes in
the splanchnic and hindlimb vasculature of the rabbit.

Laboratory Animal Science, In press, 1993.

9. Szlyk, P.C., 1.V, Sils, D.B. Caretti, R.J. Moore, L.E.
Armstrong, K.A. Tartarini, R.P. Francesconi, E.W. Askew,
and R.W. Hubbard. Orthostatic responses to dietary sodium
chloride restriction durlng heat accllmatlon. Proceedings
o atj ications d esearc

Symposjium (SOAR), In press, 1993.
ABSTRACTS :

10. Durkot, M.J., R.P. Francesconi, and L. DeGaravilla.
Thermoregulatory and metabolic responses to an adenosine Al

antagonist during exercise in the heat. The FASEB Journal
7:A452, 1993,

11. Gentile, B.J., C. Johnson, R. Francesconi, and R.
Hubbard. Thermoregulatory effects of atropine in the cold
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using a hypotrichotic rat model. Medical Defense
Bioscience Review, 2:575, 1993,

12. sSils, I.V., P.C. Szlyk, K.A. Tartarini, L. Hubbard, E.
Glass, D.M. Caretti, and A,A. Darrigrand. Chronic
implantation of non-occlusive catheters and flow probes in

the splanchnic bed in the rabbit. The FASEB Journal
7:A780, 1993.

13. Szlyk, P.C., I.V. Si}s, D.M. Caretti, R.J. Moore, L.E.
Armstrong, K.A. Tartarini, R.P, Francesconi, E.W. Askew,

and R.W. Hubbard. Orthostatic responses to dietary sodium

chloride restriction during heat acclimation. pProceedings
tions icati & R ch Symposj
{SOARS), 1993.

14. 8Szlyk, P.C., I.V. Sils, K.A. Tartarini, and R.P.
Francesconi. Regional differences in blood gases and flows
in the splanchnic bed in the awake rabbit. The FASEB

Journal 7:A780, 1993.
RRESENTATJIONS :

15. Gaffin, S.L. Endotoxins in Stress and Exercise.
Third Annual Meeting on Advances in the Diagnosis,
Prevention & Treatment of Endotoxemia and Sepsis,
Philadelphia, PA, 17-18 June 93.

16. Francesconi, R.P. Research Program in Comparative
Physiology, WRAIR Fellows in Global Medicine, 27 September
1993.

17. Durkot, M.J. Nutritional Requirement for Exercise and
Physical Conditioning in the Heat. Lecture in Clinical
Exercise Physiology, Sargent College of Allied Health
Professions, Boston University, 8 October 1993.

EEX_BRIEFINGS:

18. Ralph P. Francesconi, Ph.D. Armed Services Biomedical
Research Evaluation and Management Committee (ASBREM),
USARIEM, Natick, MA, 26-27 January 1993.
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19. Ralph P. Francesconi, Ph.D. Review & Analysis of our
Research Programs to COL Schnakenberg, MAJ Leu, RA III; LTC
Moore and MAJ Schimomora, RA V; COL Lake, MRDC Comptroller;
and COL Tyner, MRDC Deputy Commander, USARIEM, Natick, MA,
11-12 February 1993.

20. Ralph P. Francesconi, Ph.D. Review & Analysis of RA
I11 Research Programs to COL Robert Gifford, Director RA
III, and MAJ Karl Friedl, Staff Officer RA III, USARIEM,
Natick, MA, 27 October 1993,

VISITORS:

Dr. Bellingham, Intern Program, Mt. Ida College, Newton,
MA, 14 April 1993.

Dr. W.R. Beisel, FACP, Consultant, Bethesda, MD, 15 April
1993,

Dr. Ruth Lipman, Human Nutrition Research Center, USDA
Tufts University Medical Center, Boston, July 1993.

Dr. W. Selvamurthy, Defense Institute of Physiology and
Allied Sciences, Delhi, India, 22 September 1993.

SIGNIFICANT TDY:
Stephen L. Gaffin, Ph.D. Presented a talk entitled
"Endotoxins in Stress and Exercise" sponsored by

International Business Communications, Philadelphia, PA,
16-18 June 1993.

Brian J. Gentile, CPT, VC. Attended 1993 Medical Defense
Bioscience Review, Baltimore, MD, 9-13 May 1993.

Brian J. Gentile, CPT, VC. Attended 130th Annual Meeting
of the AVMA, Minneapolis, MN, 17-21 July 1993.

Patricia C. Szlyk, Ph.D. Science Fair Judge, 44th

International Science and Engineering Fair (ISEF),
Gulfport, MS, 9-14 May 1993.
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Patricia C. Szlyk, Ph.D. Attended Space Technology
Interdependency Group, Space Operations, Applications, and
Research Symposium, NASA Johnson Space Center, Houston, TX,
2-5 August 1993.

(9] () OINTM S/A A H

Francesconi, Ralph P., Ph.D., Division Chief. Proposal
reviewer, Army Research Office. Advisor, NAS/NRC Research
Associateship Program. Reviewer, viation Space &

’ 14

o) and Terato : Invited review chapter

entitled "Endocrinological and Metabolic Response to Acute

and Chronic Heat Exposure" for the Handbook of Physiology;
Reviewer - DOD/VA Cooperative Research Program.

Durkot, Michael J., Ph.D., Research Physiologist.

Reviewer, QAvjation, Space & Environmental Medicine,
g;rgulatorg Shock, and Journal of Applied Physioloqy. Peer

Review Panel, Breast Cancer Research Program, USAMRDC.

Gaffin, Stephen L., Ph.D., Research Physiologist.

Reviewer, ectives in erci c ts
Medicine, Volume 6, 1993. 1Invited to write a major review
on "Exercise, Heat, and Toxic Shock (endotoxemia)" for

i i ition and Health. Chapter prepared

by invitation and submitted to the American Physiological
Society "Limits of Tolerance to Heat" with J.R.S. Hales
and R.W. Hubbard for the Handbook of Physiology. Invited

to lecture at the International Conference on Endotoxins
and Sepsis.

Szlyk-Modrow, Patricia C., Ph.D., Research Physiologist.
Special Awards Judge, US Army Laboratory Command,
International Science & Englneerlng Falr. Massachusetts
State Science Fair Judge. Reviewer, tio Space &

Environmental Medicine and Journal of Applied Physiology,
and Laboratory Animal Science.
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SEARCH NGS VELOPM S:

1. Hyperthermic exposure is associated with impaired
blood flow. This may be due, in part, to modulations in
the synthesis of vasoactive metabolites by the endothelium.
To evaluate the direct effects of heat on endothelial cell
prostaglandin synthesis, porcine aortic endothelial cells
were seeded (1x10° cells) into 24 well tissue culture plates
and cultured for 7 days. The confluent cultures were then
exposed to 37°C or 43°C for 15, 30, or 60 min. Following
exposure, culture medium was collected for prostacyclin
(PGI,) and thromboxane (Tx) radioimmunoassay. Compared to
37°C, the mean 15, 30 and 60 min basal PGI, production at
43°C was significantly reduced (282.81+33.8 vs. 82.5+4.4
pg/pug of protein). In contrast, Tx basal metabolism at 37°C
and 43°C were similar (15.0+2.0 vs. 13.4x1.9 pg/ug of
protein). This resulted in a significant shift in the PGI,
: Tx ratio from 18.9 : 1 at 37°C to 6.2 : 1 at 43°C. These
findings illustrate the potential of hyperthermic exposure
to directly reduce the PGI, : Tx ratio, which may contribute
to heat-induced circulatory problems.

2. A variety of methods are employed in the heating and
cooling of cells and tissues to mimic the conditions under
which environmental extremes evoke cellular injury. These
methods have included the use of temperature-controlled
circulating water or forced air. Such methods have a
limited capacity to accurately and easily reproduce heating
and cooling exposures. These limitations were addressed
through the use of new technology to electronically
regulate temperature modulations. Thermoelectric modules
(TEM) were affixed to a temperature dispersion plate upon
which a culture flask was placed. The TEM is a miniature,
solid state heat pump. A programmable thermoelectric
cooler controller regulated the activity of the TEM to
modulate the temperature of culture medium or whole blood
contained within the culture flask. Replicate exposures of
mild, moderate or extreme heat stress were conducted
without significant differences. Such a method for

35




USARIEM
CY93

controlling environmental temperature permits replication
of exposures with great ease, accuracy and precision.

3. Acute, subchronic and chronic exposures to cholinergic
compounds may result in differing effects. The efficacy of
pyridostigmine bromide (PY) prophylaxis against organophos-
phorus poisoning depends on post exposure atropine (AT)
administration. AT induces a dose-dependent increase in
rate of rise of core temperature in heat exposed humans and
rats. To determine whether AT’'s anticholinergic potency is
altered following PY administration, we examined AT's
effects following acute -or subchronic (2 weeks) PY
administration in the sedentary heat-stressed rat. Four
groups of rats were acutely (a, iv) treated with saline
(SAL) or PY (100 ug/kg) followed by SAL or AT (200 ug/kg),
and 4 groups were subchronically (c, osmotic pump) treated
with SAL or PY (20 ug/hr) followed by SAL or AT (200
ug/kg). Fifteen minutes following the final injection,
rats were subjected to an ambient temperature of 41.5°C
until a core temperature of 42.6°C was attained. Heat
tolerance times were significantly improved for cPY+SAL
over aPY+SAL (241 = 9 vs 187 * 16 min, mean = SE) and for
cPY+AT over aPY+AT (76 = 2 vs 57 = 2 min). The improvement
in thermoregulation resulted from increased salivary water
for evaporative cooling indicated by % weight loss
(corrected for fecal loss) during heat stress: cPY+SAL over
aPY+SAL (8.4 *+ 0.3 vs 6.6 = 0.5 %). This increased heat
tolerance resulting from subchronic anticholinesterase
administration resembles changes seen with heat
acclimation.

4. Reported that HSD (hypertonic (7.5%) saline in 6%
dextran 70) was more efficacious than saline in the
treatment of heat stroke with or without dehydration in
rats. To examine the mechanism of this improvement, rats
were deprived of water for 24 hr (DE) or not (ND), heat-
stressed restrained (RE, tc prevent saliva spread) or
unrestrained (NR), and 4 ml/kg of saline (SAL) or HSD was
administered at the end of heat stress (Tcore = 42.3°C).
Blood samples for hematocrit and osmolality were taken at
baseline (pre-24 hr dehydration), pre-heat, post-heat, and
30 min post-HSD or SAL. Percent change in plasma volume
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(PV) from baseline was significantly decreased (-5.7=x1 vs
3.7x1%) by DE vs ND, maintained through hyperthermia, and
increased (13.122.3 wvs -5.1:1.7%) by HSD wvs SAL
administration. Serum osmolality was increased (301s+1 vs
297+1mOsmol/L) by DE wvs ND, further increased and
significantly different (308:x1 and 317+lmOsmol/L) for RE
and NR rats through hyperthermia, and increased (325:1 vs
313+1mOsmol/L) by HSD vs SAL. HSD treatment significantly
increased PV following hyperthermic dehydration which
contributed to increased radiant cooling and survival.

5. Artificial human skin (Skin?, Advanced Tissue Sciences)
provides a model for evaluating environmental effects on
human skin cells in differentiated tissues without some of
the confounding activities of cardiovascular function,
blood cells, hormones and hepatic acute phase proteins.
This approach tends to reduce our dependency on animal
research while providing a response by human cells. The
transition of findings to applications for the soldier
should therefore be facilitated. Recent research indicates
that skin may play a significant role in injury, repair and
the inflammatory response, Our earlier research indicated
that cold injury induced elevations in regulatory products
from these cells such as cytokines (IL-la) and
prostaglandins (PGE,). This research is designed to measure
the effects of heat on IL-la, TNF-a, K', prostaglandins
(PGE, and TxB,), nuclear matrix apparatus protein,
immunohistochemical and immunogold localizations of IL-la,
and jin situ hybridization of IL-la mRNA. Although data
collection for all groups continues, data available to date
suggest that a 90 min exposure to 37° - 43°C does not alter
mean values for release of PGE, (range, 406pg/0.iml -
711pg/0.1ml), TxB, (38pg/0.1ml - 53pg/0.1ml) or IL-la
(3pg/0.1m1 - 5pg/0.1ml, below the lower test limit of
10pg/0.1ml). Two additional temperatures (44° and 45°) must
be evaluated; preliminary results on a small number of
these two groups suggest a threshold for heat-induced
release of PGE, and IL-la at 44°C. Immuno-localization of
IL-la will be run on groups above the threshold. TNFa, K°
and nuclear matrix apparatus protein release must also be
evaluated. Scanning electron microscopy indicates that,
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unlike "Living Skin Equivalent," "Skin?" has less clearly
defined layers with the support membrane occupying a
considerable portion of the volume. Completion of these
groups is in progress.

BUBLICATIONS:
1. Bowers, W. Jr., M. Blaha, J. Sankovich, D. Patterson,
and D. DuBose. Prostaglandin E,, Interleukin-la, and

potassium release from artificial human skin after freeze-
thaw injury. Cryobiology, 30:272-278, 1993.

2. buBose, D.A. and R. Haugland. Comparisons of
endothelial cell G- and F-actin distribution in situ and in

vitro. Biotechnic & Histochemistry, 68:(1)8-16, 1993.

3. Haugland, R.P., W. You, V.B. Paragas, K.S. Wells, and
D.A. DuBose. Simultaneous visualization of G- and F-actin
in endothelial cells. Journal of Histochemistry and
Cytochemistry, In press, 1993.

4. Matthew, C.B. Ambient temperature effects on
thermoregulation and endurance in anticholinesterase-
treated rats. Life Sciences, 52:1343-1349, 1993.

5. Matthew, C.B., J.F. Glenn, and W.D. Bowers, Jr. Acute
vs subchronic pyridostigmine administration: Effects on the
anticholinergic properties of atropine. Proceedings of the
1993 Medical Defense Bioscience Review, 2:605-614,
Baltimore, MD, 1993.

6. Matthew, C.B., M.J. Durkot, and D.R. Patterson. Fluid
shifts induced by the administration of 7.5% sodium
chloride in 6% dextran 70 (HSD) in dehydrated swine.

Circulatory Shock, 41:150-155, 1993.
STRACTS::

7. Bowers, W., M. Blaha, J. Sankovich. Human cells in
living skin equivalent (LSE) release prostaglandin E, (PGE,)
and interleukin-la (IL-la) after freeze thaw. Experimental
Biology '93 (FASEB), New Orleans, 1993.
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8. DuBose, D., J. Hinkle, D. Morehouse. Hyperthermic
effects on bovine aortic endothelial cell (BAEC)
permeability & cytoskeletal F-actin. Experimental Biology
'93 (FASEB), New Orleans, LA, 1993,

9. Matthew, C.B., J.F. Glenn, W.D. Bowers. Acute vs.
subchronic pyridostigmine administration: Effects on the
anticholinergic properties of atropine. Medical Defense
Bioscience Review, Baltimore, MD, 1993.

10. Matthew, C.B., M.J. Durkot, D. Patterson., Fluid
shifts induced by 7.5% sodium chloride in 6% dextran 70
(EHSD) in dehydrated swine. Experimental Biology '93
(FASEB), New Orleans, LA, 1993.

PRESENTATIONS :

11. Matthew, C.B. An animal model of cholinergic drug
effects: thermorequlation and exercise performance.
Invited seminar: University of Connecticut at Storrs,
Biopsychology Department, 18 October 1993.

12. Matthew, C.B. An animal model to investigate
heatstroke pathophysiology and exercise responses. Invited
seminar: University of Connecticut at Storrs, Sports
Medicine Department, 18 October 1993.

KEY BRIEFINGS:

13. Wilbert D. Bowers, Ph.D. Review & Analysis of our
Research Programs to COL Schnakenberg, MAJ Leu, RA III; LTC
Moore and MAJ Shimomora, RA V; COL Lake, MRDC Comptroller;
and COL Tyner, MRDC Deputy Commander, USARIEM, 11-12
February 1993.

14. Wilbert D. Bowers, Ph.D. Review & Analysis of RA III
Research Programs to COL Robert Gifford, Director RA III,
and MAJ Karl Friedl, Staff Officer RA I1I, USARIEM, 27
October 1993.

15. Michael D. Blaha. Safety Overview Briefing to EP
Staff, 17 September 1993.
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SIGNIFICANT VISITORS:
LTC Michael P. Sarras, Jr., IMA, 7-18 June 1993,

OINTMENTS /ACTIV S:

Bowers, Wilbert D., Ph.D., Branch Chief. Treasurer, New
England Society for Electron Microscopy.

DuBose, David A., Ph.D. Research Microbiologist.

Reviewer, Aviation, Space and Environmental Medicjine, and
American Physiological Society, Journal of Applied
Physiology. Sigma Xi, Science Fair Judge Program.

Matthew, Candace B., MAT, Research Biologist. Reviewer,

Aviation, Space and Environmental Medicine, and Life

Sciences. Secretary, Sigma Xi.

40




USARIEM
CY93

RONMENT PH OLOGY & MEDICINE DIRECTORATE
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Determined that acclimatization to 4,300 m was
effective in reducing acute mountain sickness in
soldiers re-exposed to this altitude after a 8-day
stay at sea level. Improved tolerance was attributed
to lower plasma volumes and increased oxygen
saturation with reinduction versus initial exposure.

Determined that the time course of high altitude
deacclimatization is similar to that of
acclimatization. Reductions in total body water and
plasma volume from initial sea level values were still
evident after an 8-day return to sea level.

Established within a droup of dismounted soldiers
moving together over mountainous terrain that
individual energy expenditure is proportional to total
weight. This finding suggests new strategies for
predicting the mission energy requirements of foot
soldiers.

Demonstrated that following altitude acclimatization
and return to sea level for eight days, nearly 70% of
the ventilatory acclimatization response was still
present during reintroduction to altitude.

Conducted and completed data acquisition on a study to
determine the effects of autologous erythrocyte
infusion prior to rapid deployment to high altitude on
physical performance decrements and altitude-related
illness,

Initiated development of research study to examine the
effect of the chemical protective ensemble on the
performance of military tasks and associated
physiologic responses following rapid deployment and
subsequent staging to moderate and high  mountain
field environments.
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Designed and conducted research protocol evaluating
the effect of wearing the chemical protective
overgarment with ballistic protective vest and load
bearing equipment on soldier's ventilatory function,
and physical and cognitive performance.

Submitted a protocol to investigate if oral glycerol
is successful in preventing and/or treating high
altitude illness fluid compartment volumes and
treatment with oral glycerol"” was submitted.

Determined that acute altitude exposure (4300 m)
resulted in a 20% decrease in intraocular pressure,
with a nadir after day two followed by a gradual
increase toward sea-level values. It appears that
altitude-induced intraocular pressures changes are
relatively rapid and undergo an acclimatization
phenomena.

Developed a leg extension ergometer, limited to the
quadriceps muscle, which will be used to quantify
muscle fatigue during dynamic exercise under hypoxic
conditions.

Initiated a human study to determine if the impaired
endurance performance of muscle during dynamic,
submaximal exercise in acute hypobaric hypoxia is
linked with an impaired ability to increase central
neural activity and/or local muscle activation.

Developed a modified Pitot tube sensor that measures
the maximum wind velocity within a 100 degree arc
rather than a 10 degree arc. This directional-
insensitivity and low power requirement of this sensor
makes it ideal for field applications.

Computer modeling studies were completed for The
Technical Cooperation Program (TTCP) Kkey technical
actions using data from copper manikin evaluation of
various chemical protective (CP) garments from the
United Kingdom, Canada, and the United States
participating in TTCP.
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The experimental phase of a human evaluation study
(addressing another specific TTCP key technical area)
was completed on physiological responses and
biophysical properties of chemical protective
materials for the TTCP.

In cooperation with the Army Research Laboratory,
Battlefield Environment Directorate, White Sands
Missile Range, New Mexico, a contract effort to
implement the USARIEM Heat Strain Model in a prototype
tactical weather information system was completed.

Effects of the Aircrew Uniform Integrated Battlefield
(AUIB) over a microclimate conditioning vest (MC) were
studied using our thermal copper manikin. The AUIB
with vest was first evaluated for thermal and vapor
transmission properties.

The USARIEM heat strain model was used to predict the
amount of heat needed to be extracted (H,,) from
aviators doing light work (170 W) and exposed to
various cockpit temperatures (Tc) and humidities
(%rh).

The first use of ARIEM's new environmental chamber 024
was accomplished in a Dbiophysical and human
physiological evaluation of the prototype cold-wet
glove systems.

Final algorithm analyses of an extremity cold exposure
model was completed.

A cold shivering algorithm was developed and
integrated into a PC interactive thermoregulatory
model. The algorithm should prove useful in
predicting shivering as a function of core temperature
and skin temperature for a whole body cold air model
capable of environments at -50°F

Experimental testing was completed on several control

samples of textile materials in accordance with the
International Organization for Standardization (ISO)
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7726 & 11092, JInstruments and methods for measuring
hysical adl,

A collaborative study with U.7. Naval Health Center,
San Diego, CA was initiated as a joint study involving
a copper manikin and model validation of thorax and
thigh microclimate cooling schemes.

Prototype wet weather parkas, as part of a Soldier
Enhancement Program (SEP), were evaluated in a
climatic chamber at three different wind speeds.

Model prediction analyses of endurance times were
completed in a study to down- select garments from 11
prototype Advanced Battle Dress Overgarments.
Following the manikin and modeling results from a
down-selection process, the experimental phase of a
human physiological study was achieved.

A design concept based on an expert system prototype
was completed that is applicable and should become
quite useful as a comprehensive environmental and
physiology workstation for military health care
planners and researchers in both operational and
training settings.

Developed and validated a microcomputer-controlled
system to measure skin (limb) blood flow by strain
gauge plethysmography.

Conducted a field study to determine whether drinking
carbohydrate-electrolyte solutions rather than water
would improve performance during military relevant
tasks.

Conducted a field study to determine the effectiveness
of backpack mounted, 1liquid cooled, microclimate
cooling systems to reduce the heat stress of troops
undertaking MOS specific duties while wearing chemical
protective clothing.

Initiated a climatic chamber study examining the
interaction between dehydration level and exercise
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intensity on thermoregulatory responses and exercise-
heat stress performance.

. Initiated a climatic chamber study to quantify heat
exchange in women when wearing chemical protective
(CP) clothing during physical work in the heat.

. Continued an epidemiological study of heat injury
among Marine recruits. Thus far, data have been
collected and organized on ~2400 cases of exertional
heat injury occurring at the Parris Island MCRD from
1979 to 1993.

Summarized our research on the effects of
anticholinergic therapy (atropine sulfate, 2 mg) on
dry and evaporative heat exchange during exercise -
stress.

. Conducted a climatic chamber study to examine thermo-
regulatory and renal responses to glycerol
hyperhydration in soldiers exposed to cold air.

. Conducted a climatic chamber study to determine if
glycerol hyperhydration might exacerbate the pressor
responses to cold air exposure.

PUBLICATIONS:

1. Pandolf, K.B. Importance of Environmental Factors for
Exercise Testing and Exercise Prescription. 1In: Exercise

Testing and Exercise Prescription for Special Cases-

Theoretical Basis and Clinical Application. 2nd Edition,
J.S. Skinner (Ed.). Lea & Febiger, Philadelphia, PA, pp.

87-109, 1993.

2. Pandolf, K.B., L.A. Stroschein, R.R. Gonzalez and M.N.
Sawka. Prediction Modeling of Physiological Responses and
Human Performance in the Heat with Application to Space
Operations. In: Seventh Annual Workshop on _Space

tions icatio and Research (SOAR °'93). NASA
Lyndon B. Johnson Space Center, Houston, TX. (In Press),
1993.
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3. Pandolf, K.B. Heat Tolerance and Aging. Experimental
Aging Research, 20: (In Press), 1993.

4. Pandolf, K.B. and A.J. Young. Altitude and Cold; The
Cardiac Patient. 1In: Heart Disease and Rehabilitation.
3rd Edition, M.L. Pollock and D.H. Schmidt (Eds.). Human
Kinetics Publishers, Inc., Champaign, IL. (In Press), 1993,

5. Pandolf, K.B. Exercise in the Heat and Avoiding the
Heat Disorders. 1In: Current Therapy in Sports Medicine.
3rd Edition, J.S. Torg and R.J. Shephard (Eds.). Moseby-
Year Book, Inc., Philadelphia, PA. (In Press), 1993.

ABSTRACTS :

6. Pandolf, K.B. Influence of Chronic Physical Activity
on Thermoregulatory Adaptations of the Middle-Aged and
Elderly During Heat Stress. Paper delivered at Symposium
entitled, Human Adaptations to the Environmental Extremes

of Cold and Heat, Proceedinds of The III World Condress of
i i lve Medjcine, Tokyo,

Japan, April 1993.

7. Pandolf, K.B., B.J. Freund, A.J. Young, J.M. McKay,
D.E. Roberts and M.N. Sawka. Effects of Adiposity on the
Thermal, Cardiovascular and Fluid Responses to Cold

Exposure. Medicine and Science in Sports and Exercise, 25:
s62, 1993.

8. Pandolf, K.B., L.A. Stroschein, R.R. Gonzalez and M.N.
Sawka. Prediction Modellng of Physiological Responses and
Human Performance in the Heat w1th Special Applicatlon to

Space Operatlons. ac

(*) . NASA Johnson Space Center, Houston, TX,
August 1993.
PRESENTATIONS :

9. Pandolf, K.B. U.S. Army Terrestrial Altitude, Cold
Stress and Heat Stress Research, Tri-Service Program
Briefing before the Armed Services Biomedical Research
Evaluation and Management Committee, U.S. Army Research
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Institute of Environmental Medicine, Natick, MA, 26-27
January 1993.

10. Pandolf, K.B. Influence of Chronic Physical Activity
on Thermoregulatory Adaptations of the Middle-Aged and
Elderly During Heat Stress, Seminar before the Department
of Physiology, School of Medicine, University of
Occupational and Environmental Health, Xitakyushu, Japan,
23 April 1993.

11. Pandolf, K.B. Environmental Extremes Research
Program, Tri-Service Program Briefing before the Armed
Services Biomedical Research Evaluation and Management
(ASBREM) Committee, U.S. Army Medical Research Institute of
Infectious Diseases, Fort Detrick, Frederick, MD, 26-27
August 1993.

12. Pandolf, K.B. Human Performance at the Environmental
Extremes of Heat, Cold and High Altitude, Sports Biology
Colloquium, Springfield College, Springfield,
Massachusetts, 23 September 1993.

13. Pandolf, K.B. Can You Enhance the Capacity for Human
Exercise Performance in the Heat? 1993 Southeast American
College of Sports Medicine Scholar Lecture Tour at the
University of Georgia, Georgia State University, Auburn
University, Florida State University, and the University of
Florida, October 1993.

14. Pandolf, K.B. Exercise in Adverse Environments:
Beat, Cold and Altitude, Lecture in Clinical Exercise
Physiology, Sargent College of Allied Health Professions,
Boston University, Boston, MA, 29 November 1993.

PROFESSIONAL APPOINTMENTS/ACTIVITIES:

Pandolf, Kent B., Ph.D., Research Director. Adjunct
Professor of Health Sciences, Department of Health
Sciences, Sargent College of Allied Health Professions,
Boston University, Boston, MA; Adjunct Clinical Professor
of Sports Biology, Springfield College, Springfield, MA;
Vice~President and Board of Directors, International
Society for Adaptive Medicine, Freiburg, Germany.
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Chairman, Publications Committee, American College of
Sports Medicine. Counselor, Steering Committee,
Environmental and Exercise Physiology Section, The Amerlcan
Physiological Society; Editorial Board Member, Exercise and
WM.MM&_W d Scienc Sports an
Exercise. Reviewer, Medicine and Science in Sports and
Journal of Applied Physiology; Perceptual and
HQ&Q£_§Bill§: Journal of Cardiac Rehabilitation; European
Journal of Applied Physiology and Occupational Physiology;
Aviation, Space and Environmental Medicine; American

ALTITUDE PHYSJIOLOGY AND MEDICINE DIVISION

SIGNIFICANT RESEARCH FINDINGS/DEVELOPMENTS:

1. A study was conducted to determine whether reductions
in total body water and plasma volume are a primary
component of high-altitude acclimatization. Phenomena
describing deacclimatization to high-altitude is scanty and
not well understood, and research in this area could
characterize the responses of personnel deployed to
altitude, removed, and then redeployed. We hypothesized
that.deaccllmatlzatlon, like high-altitude acclimatization,
is a gradual process, and that the reduced hydration status
during high-altitude exposure would persist after a return
to sea level. Ten male Special Operations soldiers
underwent a l10-day sea level phase, a l6-day
acclimatization phase at Pikes Peak, CO (4,300 m), and an
8-day deacclimatization phase at sea level. Total body
water was measured by deuterium dilution and percent change
in plasma volume was calculated using hematocrit and
hemoglobin concentration at sea level, after 1,2, and 13
days at Pikes Peak, and after 1 and 6 days of
deacclimatization. Total body water and plasma volume were
decreased within one day at altitude, were further reduced
with chronic exposure, and remained decreased for 6 days
after return to sea level. These results demonstrate that
high-altitude acclimatization, in terms of body hydration
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status, is retained for at least 6 days after return to sea
level and suggest that high-altitude acclimatization and
deacclimatization may follow a similar time course.
Therefore, individuals with prior acclimatization may have
a increased capacity to tolerate high-altitude environments
upon redeployment and have the potential to have increased
levels of mental and physical performance, productivity,
and overall health.

2. The capability to accurately predict the energy
demands of operations in mountainous terrain is needed to
ensure realistic mission planning. A new strategy for
predicting the mission energy requirements of foot soldiers
was identified through a systematic energy balance study of
a Special Operations (SOF) A-team during a mid-winter climb
of Mt. Rainier. Total daily energy expenditure (TDEE) was
measured by the doubly labeled water (DLW, °H,'*0) method in
six soldiers over six days that included five days of
strenuous winter exercise at 2500 to 3100 m elevation. Use
of body energy stores (-9.54 * 1.54 MJ/d or -2280 : 368
kcal/d; X = SD) was estimated from changes in body weight,
body density (hydrodensitometry), and total body water
(H,'°0 dilution). The subjects wore computerized activity
monitors and kept daily records of ration consumption (9.87
x 3.60 MJ/d or 2359 + 860 kcal/d). Activity patterns, as
well as the calculated number of hours of activity per day,
were very similar among subjects. The DLW TDEE was closely
correlated with total weight (DLW TDEE = 0.193 x total
weight - 2.048; r* = 0.95). Differences in total soldier
weight (body weight + load) accounting for 95% of the
variance in TDEE. In soldiers engaged in similar load-
bearing activities, the rate of metabolic energy
expenditure is primarily determined by the cost of
supporting body weight. These findings suggest new models
that would use total body weight, speed of movement, and
grade and substrate inputs, to predict the energy costs for
moving over mountainous terrain.

3. Following two weeks of acclimatization to altitude,
plasma lactate accumulation decreases and the contribution
of fat to fuel metabolism increases during exercise. We
hypothesized that these adaptations would persist upon
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reintroduction to altitude (RA) after eight days at sea
level (SL). Six male lowlanders (X=SD; 31s5 yrs, 83210 kg,
57«5 ml-kg'-min™ VO,..) Pprogressively exercised to
exhaustion at the same relative percentage of VO, at SL,
on acute exposure to altitude (AA), after 16 days residence
at 4300 m on Pikes Peak (PP), and during a 24-h RA. Pre-
and immediately post-exercise blood samples were analyzed
for lactate (LAC), glycerol (GLY), free fatty acid (FFa),
and glucose (GLU) concentrations. Respiratory exchange
ratio (RER) was measured at 75% VO,,, after 40 min of
exercise, Pre-exercise LAC did not differ across all
conditions (Range:1.0-1.1 mM-L*'). Post-exercise LAC for PP
(3.321.0) and RA (3.3x1.4) were 30% lower than SL
(4.7x0.9;P<0.05) and 50% lower than AA (6.6x2.3;P<0.05).
There were no significant differences either pre- or post-
exercise across the four conditions for GLY, FFA, and GLU.
RER decreased (P<0.05) from SL (0.95:0.03) to PP
(0.90+0.04) and upon RA (0.8920,04). With acclimatization
to altitude, (1) exercise plasma lactate accumulation is
decreased, (2) absolute fat lipolysis remains unchanged,
and (3) the fractional contribution of fat to fuel
metabolism increases. These adaptations in substrate
utilization are retained nearly 100% upon reintroduction to
altitude even after eight days at sea level.

4. Laboratory studies have shown that submaximal
endurance exercise capacity, and possibly the gross
efficiency of exercise (total power output/total metabolic
energy expenditure), increase after altitude
acclimatization. To test the hypothesis that similar
changes would be evident in the field, eight males (age =
29+3 y (X+SD), wt = 85.4:12.8 kg) were studied during two
competitive ascents of Pikes Peak (1875 to 4300 m) via the
22 km Barr Trail, one before and one after 10 days of
acclimatization to 4300 m. Total power output in kJ = the
product of total subject weight in Newtons and the 2425 m
change in elevation. Oxygen uptake (Vo,, L-min’?),
calculated from minute-to-minute heart rate (HR) monitor
records and the relationship of submaximal Vo, to HR
determined before and after acclimatization, was used to
calculate metabolic energy expenditure. Pre- vs. post-
acclimatization values were: Vo, = 2.69+0.47 vs. 2.62x0.31
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Lemin? (P>0.05); finishing time = 288238 vs. 247+35 min
(P<0.05); gross efficiency = 13.421.7 vs 15.2x1.6 %
(P<0.05). These data are consistent with reports that
acclimatization to high altitude improves submaximal
endurance exercise performance and increases the gross
efficiency of exercise.

5. A study was conducted to investigate the potential of
autologous erythrocyte infusion ("blood doping") to enhance
physical capacity and avert hypoxia-induced performance
decrements in unacclimatized soldiers rapidly transported
to high altitude. Sixteen fit men were divided into two
groups: the Reinfusion Group and the Placebo Group. The
groups were matched for aerobic fitness, body composition
and age. The Reinfusion Group (n=8) had a unit of whole
blood removed and the erythrocytes stored for subsequent
reinfusion on two occasions at 5 week intervals; the
Placebo Group (n=8) was to have completed this procedure
also, however, operational requirements of the subjects’
parent unit precluded this. All subjects had their maximal
oxygen uptake and 2-mile run time determined.
Physiological responses to prolonged exercise, respiratory
control, blood volume, body water balance, altitude-illness
symptomatology measurements were also assessed over a 15-
day period at sea level (USARIEM, Natick, MA). After
completing the sea-level baseline tests, the Reinfusion
Group was intravenously infused with the autologous
erythrocytes which had been stored; the Placebo Group
received an equivalent volume of saline, intravenously
infused. Approximately 12 hours later, the subjects' blood
volume was measured, and then the men traveled rapidly to
Pikes Peak, CO (4300 meters). The entire battery of tests
was repeated during the lst through the fourth day at high
altitude, and again on the 10th through the 15th day at
altitude. The subjects were then rapidly returned to
Natick where blood volume and maximal oxygen uptake were
determined a final time. Laboratory analyses of blood
samples and statistical evaluation of the data are
continuing at present.

6. A study conducted to examine the effect of the NBC
overgarment (Protective Clothing, PC) and CB mask in
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combination with body armor (BA) and Load Bearing Equipment
(LBE) on the pattern and mechanics of breathing and
cognitive performance during rest and sustained aerobic
exercise (~-600 W). The specific objectives were to assess
the effect of the NBC ensemble on: 1) wventilatory
cap