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to motion sickness during rotation at 30 rpm in the Earth
horizontal, 10° head-up, and 10° head-down positions. Aviat. 
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Normal persons rotated about an Earth-horizontal axis vary 
In their susceptibility to motion sickness. The purpose of this 
experiment was to measure lntralndlvldual differences In sus
ceptibility In 12 subjects when rotated 10° head up and 10° 
head down as well as In the horizontal position. Subjects as
sumed the test-position 60 min prior to rotation, thus providing 
an opportunity for translocation of body fluids. Physiological and 
psychophysical measurements were conducted throughout the 
experiment. There were no lntralndlvldual differences In su• 
ceptlbllity to motion sickness In the three positions tested, al
though there were significant differences In vital capacity, dem
onstrating the expected fluid shifts. It was concluded that, In the 
sample of subjects tested, short-term effects of fluid shifts greater 
than those that would be manifested In zero gravity had no 
definite effect on motion sickness susceptibility. 

SOME OF THE ASTRONAUTS and investigators 
associated with the Skylab program ( 1-4) have ex

pressed the opinion that headward shift of body fluids 
was an eliciting factor causing motion sickness in orbit. 
The immediate purpose of the present experiment was 
to evaluate that possibility by comparing intraindividual 
differences · in susceptibility to motion sickness during 
rotation with the head horizontal, 10° up, and 10° 
down. The rationale was to use the head-horizontal po
sition as a model for zero gravity, since Patterson (5), 
in discussing the question of changes in the cerebral 
circulation on transition into zero gravity, had concluded 
that cerebral blood flow and blood pressure would prob
ably be much the same as in the Earth-horizontal posi
tion under ground-based conditions. 

From the Naval Aerospace Medical Research Laboratory, 
Pensacola, Fl. Dr. Lackner is also from the Massachusetts Insti
tute of Technology, Cambridge, Ma 02139. 

This study was supported by the National Aeronautics and 
Space Administration, Contract T-59048. 

Opinions or conclusions contained in this report are those of 
the authors and do not necessarily reflect the views or endorse
ment of the Navy Department. 

MATERIALS AND METHODS 
Subjects: Twelve college students 19 to 23 years of 

age participated as paid volunteers. All 12 had passed 
the medical evaluation and indoctrinational test required 
for parabolic flights in the KC-135 aircraft. Otolithic, 
canalicular, and visual functions were normal, based on 
an array of functional tests. Assessments for suscepti
bility to motion sickness in different motion environ
ments had been carried out, but the 12 subjects were 
selected for this study solely on the basis of availability. 

Rotation Device: This device, especially designed for 
use in zero gravity, has been termed the Z-axis recum
bent rotating (ZARR) device and . has been described 
elsewhere ( 6). When he is secured in the ZARR, the 
subject's knees are flexed, the amount depending on his 
height. The base of the ZARR can be tilted about a 
horizontal axle, thereby permitting head-up and head
down positioning. With the aid of slip rings, electrical 
contact can be maintained with the subject, allowing a 
variety of physiological and psychophysical tests to be 
carried out during rotation. 

Motion Sickness Ratings: The diagnostic criteria long 
used for measuring severity of acute motion sickness 
were used (7). A motion sickness rating of "12 points" 
in the rating system was chosen as the level for terminat
ing the experimental run. This cut-off point was chosen 
because, although it involves the "nausea syndrome," it 
avoids frank illness including vomiting. All of the sub
jects were experienced in reporting the appropriate symp
toms, e.g., dry mouth, sweaty palms, stomach awareness, 
etc., and were instructed to indicate to the experimenters 
whenever any of these symptoms appeared. In addition, 
every 15 min during the experimental run the subject was 
questioned on a checklist of symptoms and the experi
menters also noted whether the subject exhibited pallor. 

Experimental Design: Each of the 12 subjects par
ticipated in three experiments; namely, with head hori
zontal, 10° head-up, and 10° head-down. The condi
tions were presented in a counterbalanced design so that 
an equal number of subjects had each of the positions 
first, second, and third. Rotation was preceded by ex
posure for 1 h in the test position. The device was then 
accelerated (2° /s2 ) to 30 rpm and maintained at this 
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velocity for 60 min or until the motion sickness endpoint 
had been reached. 

was obtained; only twice was this necessary. 

Vital Capacity: Measurements (in cubic centimeters) 
of vital capacity were made with a spirometer ("Spiro
tel," Computer Instruments Corp.), which furnished an 
electrical signal that was displayed on a paper-chart re
corder (Hewlett-Packard 7702B). Vital capacity was 
measured at four stages during each experimental ses
sion: a) prerotation with the subject seated in a chair; 
b) prerotation with the subject positioned in the ZARR, 
head facing up, after having been in position for 15 
min; c) postrotation with the subject positioned head 
facing up in the ZARR; and d) postrotation with the 
subject seated after having been out of the ZARR and 
upright for 15 min. 

Heart Rate: The subject's heart rate was also moni
tored during stages a-d by means of electrocardiographic 
recordings. During measurements of heart rate in the 
ZARR, the subject was on his back facing up. 

Four measurements of vital capacity were taken in 
each of the stages a-d, and their average served as the 
vital capacity index for that measurement period. When 
the four trials within a stage varied by more than 250 
cc, the measurements were repeated until consistency 

Blood Pressure: The subject's blood pressure was 
monitored during the experiment at the same times that 
heart rate was measured. Blood pressure was measured 
with an electronic sphygmomanometer. 

Nystagmograms: The position of the subject's eyes 
was monitored during the experimental procedures by 
means of conventional d. c. electrooculography. Eye 
position was displayed on a heat-writing Transacoustic 
polygraph. 

RESULTS 

Vital Capacity: Table I summarizes the measures of 
vital capacity for each subject in each of the experimen
tal conditions. As can be seen from the table, every sub-

TABLE I. CHANGES IN VITAL CAPACITY (IN CC) ASSOCIATED WITH DIFFERENT BODY 
ORIENTATIONS BEFORE AND AFTER ROTATION. 

Subject Order Seated 

2 (HH) 4200 
1 (HU) 4340 
3 (HD) 4240 

15 3 3920 
1 3960 
2 4040 

26 2 4440 
3 4480 
1 4540 

37 3 5600 
2 5600 
1 5650 

10 1 4550 
3 4440 
2 4620 

39 1 4140 
2 4150 
3 4130 

30 1 4020 
2 3900 
3 3240 

21 3 4300 
1 4520 
2 4810 

13 2 4500 

4 

7 

9 

3 4850 
1 5000 

1 
2 
3 

2 
3 
1 

3 
1 
2 

4950 
4925 
4980 

4900 
5020 
5020 

4820 
4950 
4900 

Prerotation 
HU* HH HD Diff 

3980 220 
4080 260 

3800 440 

3750 170 
3580 380 

349(} 550 

4160 280 
4120 360 

4090 450 

5320 280 
5150 450 

5050 600 

4390 160 
4160 280 

4170 450 

3960 180 
3890 260 

3820 310 

3300 720 
3140 760 

2260 980 

4025 275 
3920 600 

4120 690 

4100 400 
4350 500 

4400 600 

4650 300 
4500 425 

4400 580 

4740 160 
4600 420 

4250 770 

4380 440 
4280 670 

4150 750 

Postrotation 
HU HH HD Seated Diff 

4010 4210 200 
3990 4320 330 

3800 4250 450 

3730 3900 170 
3600 3920 320 

3540 3960 420 

t 4325 
t 4460 

t t 
5360 5640 280 

5300 5620/ 320 
5050 5750 700 

4410 4620 210 
4330 4720 39(} 

4130 4580 450 

4000 4170 170 
4010 4230 220 

3750 4060 310 

t 3820 
3180 3700 520 

2020 2780 760 

4050 4700 650 
3650 4675 1025 

4100 4850 750 

4100 4520 420 
4220 4800 580 

4420 5000 580 

4500 4900 400 
4420 5000 580 

4340 4980 640 

4500 5000 500 
4350 4800 450 

4020 5000 980 

4600 5000 400 
4460 5000 540 

4080 4920 840 

* HU - Head up 10°; HH ~ Head horizontal; HD = Head down 100. 
t Measurement could not be made because subject was motion sick. 
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ject exhibited a considerable decrement in vital capacity 
pre- and postrotation when tilted from the upright to one 
of the experimental positions. Moreover, every subject 
showed a progressively decreasing vital capacity from his 
10° head-up to his head-horizontal to his 10° head
down conditions. Accordingly, these conditions reflect 
increasingly large headward displacements of body fluid. 

Heart Rate and Blood Pressure: These measures 
are summarized in Tables II and Ill. There was a non
significant tendency for heart rate to be depressed and 
for blood pressure to be somewhat elevated when the 
subject was tested in the ZARR pre- and postrotation 
compared with seated upright. 

Nystagmograms: Each subject exhibited nystagmoid 
eye movements of varying durations during rotation; the 
exact character of the nystagmus pattern depended upon 
the orientation of the subject's head with respect to the 
gravitational vertical; e.g., nose pointing up or pointing 
down. A report on these records is in preparation. 

Motion Sickness Ratings: No systematic relationship 
between position of the head ( 10° head-up, head hori
zontal, 10° head-down) and incidence of motion sick
ness symptomatology was present. 

The results for each subject's experimental trials are 
presented in Table IV. Three of the subjects were symp
tom-free throughout all experimental conditions. One 
subject was symptom-free in all conditions except for 
registering one point in the head-down condition. Of the 
remaining eight subjects, only one was worse in the 
head-down position compared to the head-up and head
horizontal positions. The other seven subjects were either 
less susceptible or equally susceptible in the head-down 
position. 

DISCUSSION 

The diagnosis of motion sickness is easily made under 
experimental conditions when it is based on the close 
temporal relation between the motion-environment 
stressor and the appearance of typical symptoms. The 
diagnosis under operational or field conditions in zero 
gravity is difficult, not only because the motion en
vironment is unique but also because symptoms of mo
tion sickness are nonspecific; that is, one or more are 
manifested in many other physiological and pathologi
cal states. Skylab findings strongly indicate, if they do 
not prove ( 8), that zero gravity (prior to adaptation) 
contributes one part and head movements one part to a 
motion environment that is analogous to the motion en
vironment in a rotating room where head movements are 
also essential for eliciting motion sickness. 

The earliest recorded onset of motion sickness after 
transition into orbit happened in the third Skylab mis
sion, when the pilot reported symptoms within minutes. 
This incident occurred in close relation to the pilot's 
activity in doffing his space suit; thereafter, his symp
toms were favorably influenced by restricting activity 
and by taking an antimotion sickness drug. Skylab find
ings also demonstrate that conditions after transition 
into the workshop were more stressful than in the com
mand module, thereby emphasizing the roles played by 
unusual body movements and visual inputs. In brief, 

TABLE II. HEART RATE (BPM) BEFORE AND AFTER 
ROTATION FOR DIFFERENT BODY ORIENTATIONS. 

Subject Order Condition Prerotation Postrotation 

2 Head up 10° 56 48 
1 Head horizontal 52 52 
3 Head down 10° 68 52 

15 3 Head up 10° 56 52 
1 Head horizontal 52 51 
2 Head down 10° 72 68 

26 2 Head up 10° 60 52 
3 Head horizontal 56 60 
1 Head down 10° 52 52 

37 3 Head up 10° 52 48 
2 Head horizontal 56 52 
1 Head down 10° 60 48 

10 1 Head up 10° 68 60 
3 Head horizontal 56 52 
2 Head down 10° 60 55 

39 1 Head up 10° 64 54 
2 Head horizontal 68 70 
3 Head down 10° 66 64 

30 1 Head up 10° 72 64 
2 Head horizontai 80 64 
3 Head down 10° 84 56 

21 3 Head up 10° 64 64 
1 Head horizontal 64 68 
2 Head down 10° 76 76 

13 2 Head up 10° 76 68 
3 Head horizontal 72 68 
1 Head down 10° 76 80 

4 1 Head up 10° 68 68 
2 Head horizontal 64 64 
3 Head down 10° 64 60 

7 2 Head up 10° 48 60 
3 Head horizontal 60 48 
1 Head down 48 60 

9 3 Head up 10° 60 56 
1 Head horizontal 64 64 
2 Head down 10° 64 64 

high susceptibility to motion sickness was demonstrated 
within minutes after transition into orbit, persisted for 
days, but on or after Mission-day 8, all of the astronauts 
were preternaturally insusceptible ( 9) . 

If we accept the evidence that, in zero gravity, we are 
dealing with a motion environment to which some per
sons must adapt, then it is important to distinguish care
fully between two categories of secondary etiological 
factors that may contribute to the elicitation of motion 
sickness in this environment-one directly or indirectly 
exerting its influence via the vestibular system, and one 
having an influence independent of the vestibular system 
but tending to elicit one or more symptoms indistinguish
able from those of motion sickness. 

The present experiment represents an attempt to de
termine whether a headward shift of body fluids con
stitutes a secondary etiological factor falling into either 
of the above categories. Under the stimulus conditions 
employed, no definite evidence for such a secondary role 
was obtained. However, since it may be difficult to detect 
the presence of secondary etiological factors unless their 
influence is substantial, it is necessary to take into ac
count those factors in our experiment that were favorable 
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TABLE III. CHANGES IN BLOOD PRESSURE (mm Hg) ASSOCIATED WITH 
DIFFERENT BODY ORIENTATIONS BEFORE AND AFTER ROTATION. 

Subject 

l 

15 

26 

37 

10 

39 

30 

21 

13 

4 

7 

9 

Order 

2 
1 
3 

3 
1 
2 

2 
3 
1 

3 
2 
1 

1 
3 
2 

1 
2 
3 

1 
2 
3 

3 
1 
2 

2 
3 
1 

1 
2 
3 

2 
3 
1 

3 
1 
2 

Prerotation Postrotation 
Seated HH HD HU HH HD 

90/70 
104/66 
122/62 

110/68 
112/74 

. 138/66 

142/74 

138/66 128/74 136/74 

128/84 
144/74 

188/70 120/100 140/72 
140/78 132/70 t 

140/52 130/66 t 
118/58 122/68 t 
130/60 116/82 t 
120/74 122/72 130/ 70 
140/68 118/62 124/84 
136/76 140/78 132/84 

98/74 118/64 122/70 
116/68 118/76 122/84 
124/68 128/ 70 124/86 

132/70 106/68 118/82 
124/72 118/68 114/68 
132/70 98/60 110/80 

118/70 98/74 112/78 
112/66 114/64 114/84 
118/64 112/70 110/76 

118/50 108/63 116/70 
112/62 108/70 128/78 
114/58 116/68 114/62 

118/66 122/68 116/88 
122/64 112/68 136/84 
116/74 112/72 132/84 

128/72 128/66 130/70 
128/74 120/70 110/68 
128/64 118/70 118/80 

138/70 114/74 114/92 
130/70 128/66 126/76 
132/74 116/74 150/76 

124/60 108/60 118/76 
130/58 120/62 127/68 
128/60 122/62 116/76 

•HU - Head up 10° ; HH - Head horizontal; HD - Head down 10°. 
t Measurement could not be made because subject was motion sick. 

and those that were unfavorable for revealing differences 
in susceptibility. Favorable factors were: 1) measure
ment of the displacement of body fluid, 2) use of a 
quantifiable stressor, 3) a counterbalanced design for 
the three body positions, and 4) a carefully assessed 
group of 12 subjects. Unfavorable factors were: 1) the 
brief exposure in a given position, 2) the great individual 
variability in susceptibility to motion sickness, and 3) 
lack of measurements reflecting cerebral blood flow, 
cerebral blood pressure, and cerebrospinal fluid pres
sure. 

In a relevant experiment, Kakurin et al. ( 10) studied 
the effects induced by "antiorthostatic hypokinesia" in 
eight subjects who were kept in bed for 5 d on two oc
casion~. Using a cross-over design, four subjects were 
exposed to 0°-tilt and -8° head-down positions and the 
remaining four subjects to -4° and -12° head-down 
positions. They concluded that - 8 ° head down is the 
most suitable model for zero gravity and that hemody
namic changes played the major role in causing a variety 
of disturbances. In all head-down positions most sub-

jects experienced illusory sensations, and some subjects 
reported "mild dizziness and nausea upon abrupt head 
movements"; how long it took before these symptoms 
first appeared is not specified. 

Few measurements have been made in human sub
jects that bear even indirectly upon the changes in 
cerebral circulation in weightlessness. Patterson's ( 5) 
measurements in one subject indicate that, in the upright 
position on Earth, the intracranial pressure "can be
come subatmospheric," whereas in recumbency it is 
"slightly positive ... as would be expected in weightless
ness." Although persons are accustomed to changes in 
position between recumbency and upright, exposures in 
these positions are usually measured in hours. Patterson 
(5) speculated that long-term exposure to subatmos
pheric intracranial pressure might have significant con
sequences and account for symptoms of motion sickness 
experienced by the astronauts. 

It seems safe to conclude that under the conditions of 
the present experiment, the fluid shifts manifested were 
not a significant factor contributing to the elicitation of 
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TABLE IV. MOTION SICKNESS POINTS AS A FUNCTION OF ELAPSED IROTATION 
TIME FOR THE DIFFERENT EXPERIMENTAL POSITIONS. 

Subject Order Condition 1-10 
Elapsed Time of Rotation (Min) 

11-20 21-30 31-40 41-50 51-60 
1 2 Head up 10° 0 0 0 0 0 0 

1 Head horizontal 0 0 0 0 0 0 
3 Head down 10° 0 0 0 0 0 0 

15 3 Head up 10° 1 1 1 1 1 
1 Head horizontal 0 1 4 6 N* abort 47 min 
2 Head down 10° 0 4 5 s 7 N abort 52 

min 
26 2 Head up 10° FS* abort 7.5 min 

3 Head horizontal FS abort 3 min 
1 Head down 10° 

37 3 Head up 10° 
2 Head horizontal 
1 Head down 10° 

10 1 Head up 10° 
3 Head horizontal 
2 Head down 10° 

39 1 Head up to• 
2 Head horizontal 
3 Head down 10° 

30 1 Head up 10° 
2 Head horizontal 
3 Head down to• 

21 3 Head up to• 
1 Head horizontal 
2 Head down t0° 

13 2 Head up to• 
3 Head horizontal 
1 Head down to• 

4 1 Head up 10° 
2 Head horizontal 
3 Head down 10° 

7 2 Head up 10° 
3 Head horizontal 
1 Head down 10° 

9 3 Head up to• 
1 Head horizontal 
2 Head down 10° 

• N • nausea; FS • frank sickness. 
•• Dizziness on deceleration. 

4 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 
3 
3 

0 
4 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
1 
2 

FS abort 14 min 

0 0 0 0 1 .. 
0 0 0 0 o••• 
0 0 0 0 o•• 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 1 2t 
0 0 0 0 0 
0 0 0 1 1 

N abort 13 min 
N abort 15 min 
N abort 13 min 

3 3 9 N abort 34 min 
11 N abort 20 min 
t 3 7 N abort 40 min 

1 3 s s St 
0 2 2 N abort 42 min 
0 3 4 4 4t 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 1 1 

0 0 0 0 t••• 
1 1 2 4 4•• 
2 2 4 4 4 .. 

• •• Dizziness and epigastric awareness on deceleration. 
t Epigastric awareness on deceleration. 

motion sickness. An unqualified rejection of a possible 
etiological role of fluid shifts, however, is not justified. 
Further experimentation employing the ZARR device 
will include prerotation bedrest. 
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Airborne Testing of Three Antimotion 
Sickness Preparations 
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JOHNSON, W. H ., K. E. MONEY, and A. GRAYBIEL. Airborne 
testing of three antimotion sickness preparations. Aviat. Space 
Environ. Med. 47(11):1214-1216, 1976. 

Thirteen human volunteers were exposed to weekly flights in 
which standardized, steep turns were used to produce motion 
sickness. A combination of promethazlne hydrochloride (25 mg) 
plus ephedrine sulphate (25 mg) was found to be equally as 
effective as the combination of 1-scopolamine hydrobromide 
(0.35 mg) plus d-amphetamine sulphate (5 mg). Droperidol (2.5 
mg) was indistinguishable from the placebo. It was concluded 
tbat the treatment of choice for motion sickness is promethazine 
plus ephedrine. 

A N IMPORT ANT advance in antimotion sickness 
drug therapy is the recent discovery (1) that, in the 

slow rotation room (Pensacola, Fl), a combination of 
promethazine and ephedrin is equally as effective as 
the longer-used scopolamine plus ·amphetamine combi
nation, which has been found repeatedly to be the best 
drug treatment for the prevention of motion sickness 
(2-4). If the generality became well established-that 
the new promethazine plus ephedrine combination is 
equally as effective as scopolamine plus amphet~mine
probably this would become the treatment of choice for 
motion sickness, bec·ause this medication can be con
sidered safer for repeated use and can be expected to 
be more effective for motions of long duration. An in
dependent comparison of the two combinations, and in 
a different (inflight) environment, was therefore car
ried out. Tests of the effectiveness of droperidol, which 
is known (5,6) to suppress vertigo and nystagmus, were 
included in the study. 

Supported by a grant from the National Aeronautics and Space 
Administration, Washington, DC. Report No. 76-X-41. 

MATERIALS AND METHODS 

The Subjects: 20 normal volunteer subjects were 
chosen on the basis of a selection questionnaire (7) and 
on the basis of vestibular, auditory, and general medi
cal screening. These 20 were given a preliminary test 
flight to establish susceptibility to the motion sickness 
stimulus, and the 14 most susceptible were selected. One 
of these 14 withdrew before the end of the experiment, 
so that the procedures were completed with 13 subjects. 

The Drugs: Four different preparations were placed in 
opaque capsules, with uniform packing by the Faculty 
of Pharmacy of the University of Toronto. The four 
preparations were: 

1) 1-scopolamine hydrobromide (0.35 mg) plus d
amphetamine sulphate (5 mg) 

2) promethazine hydrochloride (25. mg) plus ephed
rine sulphate (25 mg) 

3) droperidol (2.5 mg) 
4) factose (placebo) 

The capsules were placed in envelopes marked 1, 2, 3, 
or 4, and the code whereby these numbers related to 
the preparations was unknown to the experimenters 
and the subjects. Although the code was available in 
case of serious adverse drug reaction, it was kept sealed 
until after the experiment was finished and the statistical 
analysis of the results was completed (double-blind tech
nique). 

Plan: Each subject experienced four flights in addi
tion to the selection flight, and these were ·Spaced at 
least 6 d apart (usually seven). One of the four capsule 
preparations was used in each of the four flights. The 
subjects reported for the flights in the morning after 
only a small liquid breakfast and after refraining from 
consumption of alcohol or any other drugs during the 
preceeding 24 h . They filled in the pre-test questionnaire 
(7), which revealed their fitness for the flight and any 
deviations from preflight instructions, and then ingested 
the capsule from a designated numbered envelope at 
1.5 h before aircraft boarding time; this was approxi-
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TABLE I. ORDER OF CAPSULE ADMINISTRATION. 

PREPARATION CODE NUMBER 
Subject 
Number First Flight Second Flight Third Flight Fourth Flight 

1 1 2 3 4 
2 1 4 2 3 
3 1 3 4 2 
4 2 1 '1· 3 
5 3 1 2 4 
6 4 1 3 2 
7 2 3 1 4 
8 4 2 1 3 
9 3 4 1 2 

10 2 4 3 1 
11 3 2 4 1 
12 4 3 2 1 
..... ... ···················· ............. ... . ........... 
13 3 2 4 

mately 2 hours 'before motion stimulus time. Each 
participant was randomly assigned a number, and the 
subject's number decided <the order sequence of drug 
administration (Table I). The sequences were chosen 
so that any possible order effects would be cancelled 
out. 

The subjects flew in groups of four, and each subject 
always occupied the same seat in the aircraft and was 
observed by the same observer. Two observers, who 
had been previously habituated to <the stimulus flew 
with the subjects. Each observer observed two subjects 
and recorded signs of sickness before takeoff, after 
landing, and at 2-min intervals during the provocative 
motion. The subjects also recorded their own symp
tomatology at these times, and the severity of sickness 
during each 2-min interval was rated numerically ac
cording to the diagnostic criteria of Graybiel et al. (I). 

The motion was provided by a Canadian Forces IO 
TAG de Havilland Otter aircraft (DHC 3, CSR123) of 
400 Squadron, and all flights were flown by the same 
pilot (K.M.) with the exception of one flight by a pilot 
who had accompanied the preliminary flights. When 
the aircraft reached the designated training area, the 
motion stimulus pattern was imposed for 15 min for 
eight of the subjects and for 25 min for the four least 
susceptible subjects. The motion consisted of 30° banked 
turns from east to north to east, etc., at constant alti
tude, using maximum rate of roll into the turns. When 
the stimulus time was half over, the aircraft was turned 
around and the remaining turns were made from south 
to west to south, etc. In this aircraft, flying at 90 knots, 
the cycle from north to east and back to north required 
30 s, so that the frequency of the stimulus was two 
complete cycles per minute, a frequency perhaps lower 
than ideal for production of motion sickness (8). 

RESULTS AND DISCUSSION 

Several flights were missed by some of the first 12 
subjects, for a variety of reasons, and the make-up 
flights were used also to test the thirteenth subject. 
The scores of sickness severity after ingestion of each 
of the four preparations were analyzed statistically by 

TABLE II. KRUSKAL-WALLIS VALUES FOR H FOR TEST 
INTERVALS (FOUR-SAMPLE RANK TEST). 

Interval (min) 2 4 6 8 10 12 14 

H 1.34 3.58 1.88 2.74 5.10 7.36 8.76 
For four samples of randomly distributed ranks, H behaves ap

proximately as a x• variable with three degrees of freedom. A sig
nificant H value indicates a tendency for at least one sample to 
differ from all samples taken together. Critical values for H are 
6.25 at ·the 10% level of confidence, and 7.81 at the 5% level. 

the 2-min intervals using the Kruskal-Wallis four-sample 
rank test (9). Table II illustrates <this analysis. 

The four-sample rank tests did not reveal any sig
nificant difference among the four kinds of capsules 
until the 12-min intervals, although the relatively large 
increase in H between intervals 8 and 10 is possibly 
caused by the difference beginning to appear. Statistical 
treatment was given to only the durations common to 
all the tests (seven 2-min intervals for a total of 14 
min), ·but in the four subjects who endured 25 min of 
the stimulus, the trends established in the first 14 min 
appeared to continue for the remaining 11 minutes. The 
scores of sickness severity were significantly lower after 
ingestion of the promethazine plus ephedrine combina
tion and of the scopolamine plus amphetamine combi
nation; the scores were higher after the placebo and 
after droperidol. 

Two sample tests did not reveal any significant dif
ference between the severity of sickness following 
droperidol and that following ·the placebo, nor any sig
nificant difference between the severity with scopola
mine plus amphetamine and with promethazine plus 
ephedrine. 

The scopolamine plus amphetamine combination was 
the most effective in preventing motion sickness for 
six subjects and tied for best in one more, subject No. 9; 
the promethazine plus ephedrine combination was most 
effective for four subjects and tied for best in subject 
No. 9; droperidol was most effective in two subjects; 
the placebo was the most effective in no subject. 

Vomiting occurred in 10 of the 52 subject tests; five 
times after ingestion of droperidol, four times after in
gestion of the placebo, once after ingestion of scopola
mine plus amphetamine, and never after ingestion of 
promethazine plus ephedrine. The percentage of per
sons protected from vomiting by a drug, as described by 
Holling et al. (10) is not universally regarded as a valu
able index (11, 12), but it is not without usefulness for 
comparative purposes (13). If, for purposes of calcu
lating the percentage of persons protected, droperidol 
be considered another placebo, then in the 26 placebo 
tests, vomiting occurred in 35%. In the 13 tests of 
promethazine plus ephedrine there was no vomiting 
(100% protection), and in the 13 tests of scopolamine 
plus amphetamine there was only the one instance of 
vomiting (77% protection). 

It is clear that, in this experiment, the effectiveness 
of the scopolamine (0.35 mg) plus d-amphetamine (5 
mg) combination is not distinguishable from the effec
tiveness of the promethazine (25 mg) plus ephedrine 
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(25 mg) combination, and that the finding of Graybiel 
et al. (I) is confirmed. 

Vestibulo-gastric illness can be caused by a wide va
riety of stimuli, some of which (14,15) do not even in
volve bodily movement as the prime cause. There is also 
·a wide variety of response-time relationships of differ
ent drugs (12, 16) and a wide variety of doses that might 
be investigated. It is difficult, therefore, to have con
fidence in generalities concerning antimotion sickness 
drugs; it seems reasonable, nevertheless, to say that 
there is no present evidence that any preparation is 
better than the promethazine plus ephedrine combina
tion, and it seems reasonable to consider this combina
tion as the drug of choice for motion sickness. 

Another matter of significance is the finding of the 
relative ineffectiveness of droperidol (2.5 mg) in the 
prevention of motion sickness in these airborne tests, 
even though this medication has proven to be markedly 
effective in the control of spontaneous nystagmus due 
to vestibular disease (6). Although disturbance of the 
vestibular end-organs may well constitute the primary 
act ivating stimulus involved in both motion si·ckness 
and many vestibular disorders (e.g. Meniere's disease), 
the findings of this investigation may indicate involve
ment of different central pathways. 

The excellent results found here with this new drug 
combination are particularly impressive because the 
motion stimulus was of short duration and because the 
interval between ingestion and the start of the stimulus 
was only 2 h. According to its antihistaminic action in 
skin, promethazine reaches its maximum blood concen
tration after 3 to 5 h following oral ingestion, and 
it retains activity for 48 h (12, 16, 17). It is reasonable, 
therefore, to think ·that if this new combination is 
equally as effective as scopolamine plus amphetamine 
under the conditions of this experiment, then under 
conditions of long-duration motion promethazine plus 
ephedrine should be superior to scopolamine plus 
amphetamine, a conclusion that might be drawn also 
from previous studies of these drugs used singly (12, 
18). 
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Technical Note 

A Z·Axis Recumbent Rotating Device 
lor Use In Parabolic Flight 

ASHTON GRAYBIEL and EARL F. MILLER II• 
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Station, Pensacola, Florida 32508 

GRAYBIEL, A., and E. F. MILLER, II. A Z-axis recumbent 
rotating device for use in parabolic flight. Aviat. Space Environ. 
Med. 47(8):893, 1976. 

A prototype apparatus for. exposing persons to rotation about 
their Z..axis in parabolic flight is described. Although It re· 
sembles Earth-horizontal axis devices, added features are its 
strength and portability, and the fiber glass "couch" with ad· 
justable elements providing support and restraint. Evea under 
ground-based conditions, this device provides unique opportuni· 
ties for investigations involving not only canalicular and macular 
mechanoreceptors, but also touch, pressure, and kinesthetic 
receptor systems. 

THE SO-CALLED ZARR (Z-axis recumbent rota-
ting) apparatus was specifically designed for use in 

parabolic flight, where a person is exposed to gravito
inertial forces that may exceed a typical range from zero 
G to 2 G. As we expected it would have limited use, the 
low-cost device was fabricated in our shop on a time
available basis. 

Fig 1 shows its principal features. A cylindrical mod
ule 53.5 in long and 42 in in diameter (134 x 105 cm.) 
is supported by axles attached to A-frames, thereby 
allowing for rotation about the long axis. The A-frames 
in tum are mounted on a 4 x 8 ft ( 1.2 x 2.4 m) 
aluminum plate 3/ 4 in (1.9 cm) thick. This plate is 
supported by a fulcrum, and the entire device can be 
tilted about this fulcrum over a 20° range by means of 
four jacks. Rubber-tired wheels can be swung into place 
for transport purposes. 

MATERIALS AND APPLICATIONS 
A fiber glass body mold with features for fitting and 

restraining subjects is mounted inside the module and 
comprises the "couch." The Z-axis of the subject's head 
and trunk can be positioned in the axis of rotation of 
the module. The knees must be flexed to allow the feet 
to slip into a foot restraint (persons up to 5 ft 11 in tall 

Opinion or conclusions contained in this report are those of 
the authors and do not necessarily reflect the views or endorse
ment of the Navy Department. This research was supported 
by the National Aeronautics and Space Administration, Con
tract T-5904B. 
•Deceased. 

can be accommodated). 
A one-quarter horsepower constant speed ( 1800 rpm) 

electric motor, with gear reduction and clutch, provides 
the necessary torque through an open-loop control sys
tem, to achieve angular accelerations of 1 rpm/ 4 s to a 
maximum velocity of 60 rpm. The open-loop control 
necessitates careful balancing for every subject in every 
position. Deceleration is accomplished by electrical 
damping through the motor. A foot brake is available 
to achieve rapid decelerations when necessary. 

Slip rings provide electrode couplings with recording 
and display devices. A marker signals every rpm on the 
recording when the subject is in the nose-up position. 
A satisfactory signal-to-noise ratio is achieved for ECG 
and EOG recordings when the device is properly 
grounded. 

CONCLUSION 
Preliminary testing indicates that the device will ex

tend the present scope of our research dealing with 
mechanoreceptor systems, even under ground-based 
conditions. This applies not only to the labyrinthine 
organs, but also to touch, pressure, and kinesthetic 
receptor systems. 
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Fig. 1. Z..axis recumbent rotating apparatus. 
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