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SALIVA: A WAY TO OBTAIN SPECIMENS
IN AN OPERATIONAL SETTING

The observation that a wide range of
physiological and biochemical changes occur
during exposure to microgravity suggested
that microgravity-induced changes might alter
the pharmacodynamics of drugs administered
during weightless flight. These changes might
affect drug absorption as had been suggested
by Dr. Leach who was instrumental in starting
the NASA pharmacodynamics group. It might
also cause metabolism changes as a result of
altered blood flow to the kidneys and liver.
For NASA flight surgeons, this possibility
is of considerable clinical significance since
many crewmembers experience space sickness
during the first 48-72 h of orbital flight
and because returning crewmembers regularly
show decreased tolerance to upright posture
in gravity. Both sets of symptoms should be
preventable or should at least be ameliorated
with targeted pharmacological interventions.
Most crews have no medically trained
member on board so parenterally administered
medications are both inconvenient and are not
preferred by a symptomatic individual about
to be injected by an inexperienced fellow
crewman. There are other problems with
administering drug therapies in orbit since the
most common and important crew afflictions
are regularly associated with nausea and, in
extreme cases, regurgitation at irregular and
unpredictable intervals. Loss of stomach
contents likely would include any recently
ingested medication. Some NASA personnel
believe that this space sickness is associated
with cessation of small bowel motor activity so
that ingested medications might remain in the
stomach for considerable periods delaying the
time to reach therapeutic levels and possibly
making the medication ineffective.

Classic pharmacology regularly uses invasive
methods, such as multiple venopunctures,
to follow the absorption and disposition of
experimental drugs. In operational missions
it is not practical to obtain multiple blood
specimens from crewmembers busy with other
duties. There are other problems also.
The crewmembers generally have only the
rudimentary medical training given them
by the flight surgeons as a minor part
of preflight preparations. These lectures
contain just enought information to help the
crew in emergencies to respond correctly to
suggestions from the flight surgeon in Mission
Control. Because there is no way to process
blood samples in the Shuttle Orbiter, it would
be necessary to bring along a relatively heavy
and power-hungry centrifuge to process blood
samples. There is no freezer available to
store samples until the end of a mission.
Even a simple icebox is not ordinarily carried
in the Shuttle. NASA scientists and flight
surgeons have realized these problems but,
until recently, no one has come forth with a
practical way to solve them without using a
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dedicated Shuttle mission with subjects willing
to stop what they are doing to allow an
inexperienced phlebotomist to obtain multiple
blood specimens.

JSC scientists Dr. Nitza Cintron and Dr.
James Vanderploeg combined their talents
with Northrup Services scientist Dr. Lakshmi
Putcha and suggested that drug absorption
might be measured by the use of salivary
samples, which require no special handling
or storage. In practice, a cotton ball or
small section of dental dam is placed in the
mouth and allowed to saturate with saliva.
It is then formed into a cylinder by the
tongue and pushed into a test tube, which is
sealed. Postflight, as much as 1 ml of saliva
can be expressed from each collection. In
addition, from a crewmember's point of view,
expectorating into a tube is a lot more fun than
allowing someone to draw your blood.

For the first studies, a drug was needed
that was familiar to the crews, would not
produce noticeable side effects, and was
known to be safe for nearly everyone.

As might be predicted, an over-the-counter
medication was preferred. After considerable
discussion, acetaminophen was chosen as a
first demonstration drug since it is already
being used as a treatment for headaches
and minor pains by orbiting crewmembers.
Preliminary JSC laboratory studies showed
that acetaminophen is found in detectable
levels in the saliva and that salivary/plasma
ratios remain close to unity over a wide range
of plasma concentrations.

In the first study, an orbiting crewman
afflicted with space sickness showed erratic
salivary concentrations compared to the
matched preflight control study. This suggests,
as has been suspected but never proven,
that gastrointestinal function changes during
symptomatic space sickness. After the
crewman had recovered and during a time
when he felt well, the peak concentration was
decreased and the time to peak was delayed,
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indicating a decreased rate of absorption.
While this is an N of 1, it did confirm
anecdotal comments by other crewmembers
from previous missions that, while they were
in orbit, drugs seemed to take longer before
a salutary effect was noted. In this study,
the elimination half-time did not show a
difference from control, suggesting that liver-
kidney function in relationship to this drug’s
metabolism was unchanged in microgravity.

There are plans to try to use and study
other drugs which also are excreted in
the saliva and which show nearly constant
salivary/plasma ratios through wide ranges
of concentrations. Generally, any drug
which distributes into total body water
should appear in the saliva. The space
sickness medication most commonly taken by
susceptible individuals is a combination of
scopolamine and dextroamphetamine. This
combination medication was studied one
time in one crewman while in orbit but,
unfortunately, the samples obtained were
unsatisfactorily small. Perhaps this resulted
because these drugs decrease the rate of
salivary production. There are plans to repeat
this study in future missions. Further drug
testing is planned to obtain statistically valid
numbers.

Obtaining salivary samples seems to
be popular with crewmembers who have
participated so far since they, like almost
anyone, would prefer not to experience the
pain and inconvenience of multiple blood
specimens. NASA management likes this
program since it is a low budget, low power,
and low weight way of obtaining operationally
significant data. Salivary specimens to obtain
endocrine measurements were suggested and
studied by Dr. Craig Fischer, who directed
the Clinical Laboratories at the Johnson Space
Center during the Gemini-Apollo era. In
those early days, a cup was attached over
the parotid duct to quantitatively collect
the needed, relatively uncontaminated, saliva
samples. While studies were undertaken, the
salivary collection cups were never used in
flight. Until the present series of inflight
drug studies, no NASA scientist had taken
advantage of salivary samples to eliminate
inflight phlebotomies.

These bright investigators have
demonstrated a way to obtain valid drug ab-
sorption data under the operational constraints
of a routine Shuttle mission. Perhaps other
members of this Space Medicine Branch might
find ways to use salivary specimens for this
or other purposes. Salivary collections may
be a convenient way to advance the field of
aerospace physiology when the investigator
must use subjects involved in operational
activities. We ook forward to the continuation
of this innovative approach to space medicine
research.

397



1986 Annual Meeting Committees

GENERAL CHAIRMAN
Rufus R. Hessberg, M.D.

DEPUTY GENERAL CHAIRMAN
Herbert A, Brown, R.Ph.

SCIENTIFIC PROGRAM COMMITTEE
Michael A, Berry, M.D.--Chairman

Kenneth N, Ackles, Ph,D,--Deputy Chairman
James N, Vanderploeg, M.D.--Panels

David J. Schroeder, ﬁh.D.--Posters

Members
Jimmy D, Adams, Ph.D.
W. Carter Alexander, Ph.D.
Col. George K. Anderson, USAF, MC
F. Wesley Baumgardner, Ph.D.
CAPT C. %. Bercier, Jr,, MC, USN
Charles A, Berry, M.D.
Charles F, Booze, Jr., Ph.D,
CAPT Philip T. Briska, MC, USN
Col. Frederic M, Brown, U8AF, MC
Brig. Gen. Eduard C, Burcharé, GAF, MC
Russell R. Burton, DVM, Ph.D.
James R. Carroll, M.D,
Richard F, Chandier
Col. Donald C. Choisser, USAF(Ret.)
Nitza M. Cintron-Trevino, Ph.D.
William E, Collins, Ph.D.
Audie W. Davis, Jr., M.D.
Brig. Gen, Frederic'F. Doppelt, USAF, MC
David D. Elcombe, M.D.
Air Cdre. J. Ernstin%, RAF, MC
Ralph G, Fennell, M.D,
Mary F. Foley, R.N,
Mary A, Basseét Frey, Ph.D.
Harry L. Gibbons, M.ﬁ.
Arthur P. Ginsburg, Ph.D.
Frederick E. Guedry, Jr., Ph,D.
Col. Margaret V., Hargett, USAFR, NC
Frank E. Harrigan, M.D,
James L, Harris, M.Ed.
Col. Kenneth Hart, USAF, MC
Col, James R, Hickman, or., USAF, MC
G. Wyckliffe Hoffler, M.D.
CAPT W. M, Houk, MC, USN
Leonid Hrebien, Ph.B,
COL ElRay Jenkins, MC, USA
David R. Jones, M.D.
Leon Kazarian, Dr.eng.
Wayne F, Kendall, Jr., M.D.
Maj. Karen D. Kimmel, USAF, NC
Robert F. Lash, M.D.
Jean Lavernhe, M.D.
Carolyn S, Leach-Huntoon, Ph.D.
James S. Logan, M.D.
Maj. Britton L., Marlowe, USAF, BSC
Col. Whitman E, McConneli, UsAF, Mc
Brig. Gen. Willard L. Meader USaF, MC
Maj, Betty L. Mihailovic, USAFR, NG
H. S. Moseley, M.D.
Col. Royce Moser, Jr., USAF, MC
Sarah A. Nunneley, M.ﬁ.
I. C, Perry, M.D.
CDR Harold T. Pheeny, MSC, USN
Lt. Col, James R, Popplow, CAF, MC
COL Dudiey R. Price, MC, UsA
Paul C. Rambaut, Sc.D.
Maj. Susan J. Repp, USAF, NC
Millard F, Reschke, Ph.D.
Ensor Rodriquez, M.D., Ph.D.
Col, Charles J. Ruhle, USAF, MC
CAPT E, J, Sacks, MC, USN
Patricia Santy, M.D.
Richard G, Snyder, Ph.D.
Lt. Col, Frederick E. Tilton, USAF, MC
David B, Tipton, M.D.
Col. Thomas J. Tredici, USAF, MC
Henni E, von Gierke, Dr.Eng.
Col, William M. Waring, USAF, MC
MAJ David J. Wehrl%, Mé, usa
Lt. Col, James E. Whinnery, USAF, MC
Adrienne &4, Whyte, Ph.D.
Robert L. Wick, Jr., M.D.
Andy D, Yates, Jr.

ARRANGEMENTS
Col. Carol M. McCleary, USAF, NC--Chairman
Capt. Alma J. Abalos, UsaF, fic
Col. Rhea S. Anderson, USAF, NC
Lt. Col. Marlene Ausen, ANG, NC
Col. Jerr¥ E. Greene, UsaF, 'MC
Lt. Col. Terry R, Moore, USAF, NC
Lt, Col. Elinor Reed, ARG, NC
Maj. Patricia H, Sanner, USAF, MC
Maj, Jimmie M, Smith, USAF, N&
Capt. Thomas A. Vann, USAF, NC
Warren R, Ward, BSN

PUBLICITY
R. Benton Adkins, M,D,--
Capt. Steven A, Beals, USAF, NC
Col. Jean L. Berkheiser, USAF, NC
Mrs, Pat Bragg
Maj. Paula S. Carrick, USAFR, NC
Donald R, Copley, M.D.

398 Aviation, Space, and Environmental Medicine * April, 1986

Col. Perry F, Harris, TN-ANG, MC

COL David M, Lam, MC, USA
CAPT Richard A. Millinﬁton, MC, USN
LCDR Vincent Musashe, MSC, USN

Gordon L. Nedom

LT Thomas L, Pokorski, MSC, USNR
Daner R, Reider, M.D.

Robert H., Riordan, M.D.

John A. Shields, M.D.

CAPT M. D. Stenberg, MC, USN

REGISTRATION
Col. Albert B. Briccetti, USAF, MC~-Chairman

Lt. Col. Lyan A, Francis, USAF, NC~-Co-Chairman

U. A. Garred Sexton, M,D,--Co-Chairman
Col. Rhea S, Anderson, USAF, NC
Maj. Karen R, Atwell, USAF, NC
Capt. Loretta M, Bakas-Allen, USAF, NC
Col. Sarah E, Beard, USAF(Ref.)
Capt. Terry L. Beas e{, USAF, NC
Col. Stella B, Bellarts, USA#R, NC
Ronald J. Bergman, M.D.
COL Daniel S. Berliner, MC, USA
Col. Henry Bielstein, USAF, MC

Maj. John G. Bizon, USAF, MC

Maj. Michael E. Bldck, USAF, MSC
Tamara Boubel

Maj. Donald A, Boucher, USAF, NC
Frederick W. Brown, Jr., M.,D,

Lt. Col. Ramah J, éamenzend USAF, NC
Capt. Mary A, Cardinali, USAF, NC
Lester Carlyle

Capt, Thomas W, Church, USAFR, NC

LT Jeffrey L, Clark, M&C, USN

Lt. Col. William R. Clarke, USAF, MC
Lt. Col. Jeanne Coghlan, USAF, NG
{Lt. Roger W. Dickman, CA~ANG, NC
Maj. Rebecca Dylia, UdaF, NC

Mary A, Bassett Frey, Ph.D.

LTC Jose G, Garcia, MC, US4

Brig. Gen. Claire M, Garrecht, USAF(Ret.)
Maj. Catherine A. Gibson, USAF, NC
Lt. Col. Jean H. T. Gibson, USAFR, NC
Capt. David A, Giles, USAF, BSC

Lt. Col. Carol A. Glancy, USAF, NC
James L. Harris, M,Ed,.

Capt, Janice E. Hawkins, USAF, NC

COL John P, Heilman, MC, USA

Lt, Col. Lois A, Heltman, USAF, NC
Col. D. M. Herrin, Jr., USAF(Rét.)
Lt. Col. George R. James, USAF, BSC
COL ElRay Jenkins, MC, USA

Maj. E. Jones~Lukacs, USAF, MC

Maj. Karen D, Kimmel, USAF, NC

COL David M. Lam, MC, USA

Gottfried F. H, Lehmann M.D.

Lt. Robert S. Lentz, USAF, NC

J. Michael Lentz, Ph.D.

Leo P. Leonelli, M.D,

Capt. Betty C, McCoy, USAFR, NC
George B. McNeeley, M.D.

Brig. Gen. Willard L, Meader, USAF, MC
Lt. Col. Mae D. Mercereau, IL-ANG, NC
Henry W, Mertens, Ph,D.

Maj. Betty L, Mihailovic, USAFR, NC
Lt. Col. Linda Moultrie, USAFR, NC
Maj. Patricia R. Murton, USAFR, NC
Lt. Col. Ruth L. Nancarrow USAF, NC
Col, Ethel A. Nelson, USAF{Ret.)
Richard G. Olsen, Ph.D.

COL Wayne R. Otto, MC, USA

LCDR James F, Palmer, MSC, USN

Capt. Gail L. Parker, USAF, NC

E. H., Parker, Jr., M.D.

Capt. Barbara L, éetersen, USAF, NC
Capt, Marjorie Pickowitz, US

Lt. Col. Elaine A, Randle, USA#R, NC
Lt. Col. Marjorie H. Ream, USAF, NC
Capt. Jean A, Reinert, USAF, NC

Capt. Belinda R, Reinhardt, USAF, NC
Ma]. Sharon L. Rhoton, USAFR, NC

LTC Ronald M. Rossing, MC, uda

Col. Mary L. Ruddy, USAF, NC

Maj. Jean Sailors, USAFR,

Lt, Col. Stanley B. Sant{11i, USAF(Ret.)
Maj, Linda C, Schermerhorn, 6SAF, NC
David J. Schroeder, Ph.D.

Lt. Col. Margaret L. seibo1d, UsAF, NC
Col. Robert &, Self, USAF, M&

Lt. Col. Garnett A. Shorb, USAF, NC
Maj. Eileen A, Smith, USAFR, NC

Capt. Carol A. Spillérs, USAF, MsC
Maj. Joyce M, Stambovsky, USA#, NC
Maj. Susan J, Stansbury, USAFR, NC
Maj. Carol J. Stegall, USAFR, NC
Cabt. Diane R. Tholkes, USAFR, NC
Linda C, Von Cannon

Robert D, Wasson, M,D.

Scientific Exhibits
Col. Robert R. McMeekin, MC, USA--Chairman
Mrs. Pat Bragg
Mrs. Janet H. McClure
Col. Charles J. Ruhle, USAF, MC
CDR Victoria M. Voge, MC, U&N
Richard R. Youmans



