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1.1 Objectives of Work

The objectives of this work e to:

1. measure physiological adaptations, psychophysical responses and cognitive
performance of motion sir ness susceptible individuals during exposure to a ship
motion simulator.

2. investigate the effects of selected classes of anti-1 tion sickness drugs in
suppressing motion sicl :ss induced effects upon iysiological adaptations,

psychophysical responses and cognitive performance

1.2 Hypotheses

The following null hypotl were tested:

H1: Core body temperature will remain unchanged due to the onset of motion sickness or
the introduction of anti-motion sickness medications

H2: Skin temperature will naint hanged due to the onset of motion sickness or the
introduct n of anti-motion sickness medications

H3: Galvanic skin responses will r¢  ain unchanged due to the onset of motion sickness
or the introduction of anti- tion sickness medications

H4: Cognitive performance will remain unchanged due to the onset of motion sickness or

the introduction of anti-motion sickness medications

1.3 Assumptions and Limitatic

The following assumptions were made:
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sensory information. This vector difference between perceived and actual movement
grows as people become more susceptible to motion sickness, 1d symptoms grow more

severe.

The ecologic: theory of motion sickness and postural instability (Ricco and Staffrogen,
1991), was developed after an extensive review of sensory conflict and sensory
rearrangement theories. They discovered that ““...virtually all work in the area of motion
sickness is motivated by a common set of fundamental assum| ons. These assumptions
find their most explicit expression in the sensory conflict view...” (Ricco and Staffrogen,
1991, p160). The sensory conflict theory, as they see it, indicates that there is something
wrong with sensory stimulation; however they see sensory stimulation as equal in both
provocative and non-provor ive situations. They hypothesize that animals become sick
in situations in which they do not 1ve, or have not yet learned, strategies to maintain
postural stability. They refer to the vestibular system’s role in processing the
environmental information to maij ain stability and thus this theory, although with a
fundamentally different pa ligm  approach the study of motion sickness, has some

crossover nonetheless, with the conflict theory.

Bles et al. (1998) carefully reviewed Reason and Brand’s sensory rearrangement theory
and subsidiary theories (G ry, 1991; Oman, 1982) to come up with a theory they
believe incorporates all forms of sensory rearrangement into one type of conflict: “All
situations which provoke mc " n sickness are characterized by a condition in which the
sensed vertical, as determi 1 on the basis of integrated information from the eyes, the
vestibular system and the nonvest lar proprioceptors, is at variance with the subjective
vertical as predicted on the t s of previous experience” (Bles et al., 1998, p482). Bles
and Bos (2006) later cha the term “subjective vertical” to “expected vertical” to

better fit their theory.
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crewmembers did not experience any symptoms of motion sickness, and they were
experienced crew. The range of symptoms reported varied from mild to motion sick with
vomiting. Of the individuals invol 1 in the study, four experienced emesis and one was
an experienced crewmember. In this study, the more severe the conditions were, the
poorer the scores on the tests of erformance were. Performance generally continued to
deteriorate except in one type of aircraft, where performance began to improve when the
aircraft began its return to the base, and these results may be partly attributed to

habituation.

Space motion sickness has been reported, however, it has been suggested that perhaps it
is under-reported due to t intolerance of error and high expectation of performance
during space missions (Reason and Brand, 1975). Kelly et al. (2005) evaluated
crewmember performance | ore, during and after spaceflight. The only changes in
perform: e were during spaceflij t where response time during number recognition

tasks and digit-symbol substitution increased.

In a report by the US C t C |, Comperatore and Rivi | (1998) evaluated crew
fatigue and performance on coast § rd cutters. Decrements were seen in the day-to-day
testing where the researchers expected to see improvements due to a learning effect. The
sea motion affected the motivation of the crew, although perceived motion discomfort
was rated fairly low. Due to = -ceived lack of anonymity during recruitment and
testing within the military environment, military personnel fear that accurate subjective
reporting in a negative manner may impact their job status, especially if they are
reporting discomfort in their prin y working environment, such as a sailor reporting
motion sickness at sea. Therefore it is difficult to validate subjective reports, as
sometimes subjective and objective reports will be at odds. Fatigue was a factor that
influenced performance, and the mean fatigue rating throughout the testing period
remained at about the level that suggested the crew were losing interest in staying awake

(about 42 on a scale of 1-100, 1 being wide awake).
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The effect that motion has on performance may also be related to the extent the task
distracts the individual. Bos et al. (2005) evaluated the visual effects on motion sickness
in a ship motion simulator. The effects of inside, outside and no view were evaluated,
using performance on cognitive tasks as a measurement tool. Their findings indicated no
differences between the groups that could not be attributed to the conditions of the
experiment (i.e. the no view : Hup used auditory tasks as oppo 1 to visual tasks as in the
inside and outside (fixed horizon) groups), however, reported symptoms of motion
sickness decreased when subjects v e blindfolded. Blindfolding removes all visual cues
of motion, for example movement of a curtain or a pencil rolling gives a visual cue to the
brain, v ich may be d _:rent from the , prioceptive cues of motion being
communicated to the brain. Relyis only on proprioceptive ¢ s of motion removes the
mismatch that is observed otl wise contributing to the development of motion sickness.
Reason and Brand (1975) : 0 s zested that task performance might abate motion

sickness symptoms.

There is a relationship betv n tar performance and motion sickness symptoms. The
magnitude of motion stimulus, the e of task and the level of comfort with both the task
being performed and the su  unding environment all have a role in how severely or how
detrimentally one may affect the other. In studies by Kennedy et al. (1972), Comperatore
and Rivera (1998), and Cowings et al. (1999) perhaps the decrement in performance may
be attributed to the onset of motion sickness prior to performance. Conversely in the
study by Bos et al. (2005) the subjects are performing their tasks at the time motion
sickness symptoms would be developing and in this case their cognitive preoccupation

may impede these symptoms.

2.5 Prevention and Treatment of Motion Sickness

Preventing the onset of motion sickness symptoms is critical for both the operation of

vehicles and enjoyment and ease of travel. There are dozens  medications to treat and
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discomfort, but the solution not so clear for those who are in command of the vehicle
or vessel. Often, habiti ion occurs after repeated exposure to similar types of
provocative motion (i.e.: new pilots or crew on a ship will become accustomed to the
motions and they will no longer  motion sick inducing). In very few cases motion
sickness never subsides, ar_ in the individuals appropriate treatment must be found, or
they may end their career. ..ae severity of symptoms versus the side effects of drugs
must be carefully weighed when they are treating symptoms of motion sickness for

individuals in command or control positions.

2.6 Gaps in the Literature

Motion sickness has been explored in many ways using both actual and simulated motion
experiences. How performance is maintained during the motion exposure has been
researched under various oper onal or experimental conditions, little research has
examined the effects of various mediating pharmaceuticals in a well controlled motion
environment. Similarly, examining the effects of moderate motion sickness on
physiolc "cal and psychophysical responses remains limited. = is research contributes to

this gap in the current literature.
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The SMS produces motions for a r  -time ship simulation. The key variables are the size
and shape of the hull, the ship speed and course, the wave height, wave period (or wave
length) and wave direction. The motions for the experiment were developed for a relative
wave direction of approximately 45° off the bow, and with a frequency of vertical motion
of approximately 0.2 Hz. The ship motion simulator being used for the experiment has
both software and hardware safety interlocks to prevent loss of control and to avoid
excessive motions. This facility is ISO 9001 certified, and it has a safe operating history
of overt years use as a motion p form for research projects and maritime certification

programs delivered by the ! irine Institute of MUN.

The subject placement was standardized within the simulator cabin (see Figure 3.2). A
chair and desk were placed on the left wing of the bridge. Non-slip pads were placed
beneath the desk legs and chair legs to prevent sliding during the motion. Researchers at
MUN have used this set-up previo vy, and motions provide no threat for extreme subject

instability (Colwell and MacKinnon, 2007, Bos et al., 2005).

The internal cabin tempe ure of the simulator was maintained at 10 + 0.5°C. A
temperature sensor was employed to ensure a stable internal cabin temperature was

maintained throughout the acol tion period and across each trial.

Figure 3.2: Subject placeme
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3.2.3 Physiological Measurements

Upon arrival at the Center for Marine Simulation (CMS) the participant was prepared for
each data collection trial. Rectal temperature was measured using a Philips 400 series
thermistor (model 21090A, Philif Medical Systems) subject-inserted 15cm into the
rectum. Each subject had t 1 previously briefed on how to self-perform this procedure
(see Appendix F) and to have the subject assure that the insertion was done to a specified
depth. The subject then dressed in shorts, shirt, socks and comfortable shoes and
presented themselves to the investigator. The investigator applied the skin temperature
sensors (SA1-RTD surface temperature sensor, Omega Engineering, Inc. Stamford, CT.)
to seven sites (Hardy and Dubo  1938): forehead, deltoi hand, abdomen, upper
anterior thigh, shin, and foot. Refer to Table 3.2 for description of anatomical landmarks

used to position sensors.
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exposure the tests were performed  ten-minute intervals starting at minute seven. The
computer-based Cognitive Test Battery combines three tests from the DRDC Toronto
Sustained Operations (S_.JPS) package. The test battery employed in this study
included minute each of serial reaction time (Sl ,, logical reasoning task (LRT), serial

subtraction task (SUB) tests.

The SRT task displays a four key :ypad with a different character or symbol on each
key. One of the four graphics will be shown in a display area and the subject must click
on the corresponding key as quickly as possible. Display characters are selected from the
four-keypad characters randomly with replacement. Since this allows for sequential
repetition of a character, the display colors are reversed from presentation to presentation

so that the subject can detect the or . of a new stimulus (Pen SUSOPS Help File, 2008).

In the SUB test, the subject is presented with an initial subtraction problem. The
subtrahend is in the range of 500-999, and the minuend is in the range 5-9. The subject
continuously subtracts the fixed nuend from their most recent result, starting with an
assigned subtrahend. The s :ct enters their answer by clicking on a numeric keypad or
pressing the corresponding keys on the keyboard. No further input is accepted after the
specified duration has elapsed (Pen SUSOPS Help File, 2008).

The LRT presents a series of problems concerning the relationship between two entities,
A and B. A proposition is displayed in the fi 1; entity relationship other-entity.
Examples would be A precedes B, and B is not followed by A. The proposition is
followed by a statement in 1e form “AB™ or “BA” and the s1 ject responds by clicking
on eitt the TRUE or FALSE button. Propositions and statements are displayed
concurrently. The task continues until the specified duration elapses (Pen SUSOPS Help
File, 2008).
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3.2.5 Subjective Quantification of Motion Sickness

Subjects reported symptoms of motion sickness based on the 7-point nausea rating scale
(see Table 3.3) at sular, 2-minute intervals, which was reduced to 1-minute intervals as
the subjects approached the def :d experimental termination score of 6 or if the core
body temperature approac d 35°C.  Subjects were also encouraged to report their
symptoms (e.g. stomach awaren: i, nausea, headache). Participants also reported

subjective drowsiness and ¢« 1 con it levels.

Subjects also reported p and post-motion symptoms according to Graybiel’s
Diagnostic Criteria for ¢ ling 1 : Severity of Acute Motion Sickness (Table 3.4).
Symptoms pre-and post-motion exposures were graded using this scoring chart, which
gave a quantitative value to symp ns based on their severity. The diagnostic tool for
grading otion sickness severity . largely used by the investigator to evaluate the
subject’s motion sickness. 1 lor and sweating (as observed by the investigator) and
nausea (as reported by the subject) are allocated a severity score. Points are given for
each symptom/severity reported or observed and the total Graybiel score is calculated.
The final Graybiel score was the calculated difference between post- and pre-motion

scores (Graybiel et al., 1968).
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Table 3.3: The 7-point Nausea Rating Scale (Golding and Kerguelen, 1992)

Rating Definition

0 «....  No Symptoms

1 .....  Any unpleasant symptoms, however slight

2 ..... Mild unpleasant symptoms (stomach awareness, sweating but no
nausea)

3 ..... Mild nausea

4 ..... Mild to mo en: eca

5 .....  Moderate nausea but can continue

6 .....Moderate nausea, want to stop
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Table 3.4:Graybiel’s diagnostic  eria for grading the severity of acute motion sickness. (Graybiel et al.,
1968).

Category Pathogonomic | Major Minor Minimal QS
16 Points 8 Points 4 Points 2 oints 1 Point

Nausea Vomiting / Nausea Nausea [ Epigastric Epigastric

Symptom Retching /1 Discomfort | Awareness

Skin Pallor 111 Pallor 11 F lorl Flushing/
Subjective
Warmth/
Red Face

Cold 1 11 |

Sweating

Increased 11 11 I

Salivation

Drowsiness M1 II I

Pain Persistent
Headache

CNS Dizziness-
Eyes closed
II, Eyes
Open III

The original sources of the . Point Nausea Rating Scale (Golding and Kerguelen, 1992)
and Graybiel’s diagnostic criteria for grading the severity of acute motion sickness
(Graybiel et al., 1968) did not report either reliability or validity coefficients for their
respective scales. However, aybiel et al. (1968) reported that reliability and validity of
the diagnostic criteria was demonstrated by evaluating the effectiveness of anti-motion

sickness drugs using a double-blind experimental technique.
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3.3 Statistical Analysis

The perceptual, physiological and psychomotor data were analyzed by repeated measures
ANOVA using SPSS (v11.0) software. This examined the difference in scores from the
baseline (pre-motion) measure and the final ( post-motion) recorded or reported score
across the seven conditions (6 drugs and a placebo). A two-way ANOVA considering the
effects of medication and time series was not employed because of the large variability in
trial duration. That is, in some cases the subject may have gone the full 60-minutes of
exposure or in some cases 1y ¢ <d l4-minutes. Given the small sample-size and the
methodological approach inherently creates opportunities for considerable data loss over
time. A Tukey’s LSD post c te was identified to be used if there were differences

found between main factor effec
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Table 4.2: Trial duration by trec  nt.

Mean SD % Change from

{min) (min) CY %) Placebo RANK
Placebo 48.95 14.62 29.87
Prom + Caf 50.94 16.96 33.28 4.07 6
Mec 51.29 16.59 32.35 4.78 5
Dim 52.78 12.66 23.99 7.82 4
Chl 53.28 12.01 22.54 8.85 3
Scop + Dex 53.61 13.22 24.66 9.52 2
Prom + Dex 55.85 10.29 18.42 14.10 ]

4.2.2 Subjective Rating of Symptoms of Motion Sickness

4.2.2.1 7-Point Nausea Rating

A repeated measures ANOVA was used to test the highest subjective rating based on the
Golding-Kergeulen 7-Point nausea rating scale per treatment ‘efer to Table 3.3). The
results of the ANOVA indicated t| ‘e was a significant difference (Fg 1,=4.533;p=.034).
The mean scale score of the 1 iwcebo trial was significantly different from all other

treatment conditions. These dataa reported in Table 4.3.

Table 1 2: 7-point nausea rating scale scores by treatment.

Mean SD Ccv % Change from
(NR) (NR) (%) Placebo RANK
Placebo 5.31 0.93 17.42
Prom + Caf 3.65 2.27 62.11 -31.26 2
Mec 3.85 1.56 40.52 -27.50 5
Dim 3.81 2.19 57.35 -28.25 4
Chl 3 2.14 55.21 -26.93 6
Scop + Dex 2.96 2.17 73.14 -44.26 1
ﬂ-nm_L MNMav 2 LKL o IR NAY E740 _3126 2

4.2.2.2 Graybiel Score of Motion Sickness

Pre- and post-motion Graybiel Scores were collected from eac participant for each trial
(refer to Table 3.4). Results from the ANOVA indicated there were no change in the
difference scores across drug treatments (F¢ 1,=1.428;p=.324). These data are reported in

Table 4.4.
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Table 4.4- Moan Graybiel scores atment.

% Change from

Mean SD CV Placebo RANK
Placebo 9.15 4.51 49.25
Prom + Caf 6.15 4.41 71.76 -32.79 2
Mec 8.00 4.85 60.60 -12.57 6
Dim 7.08 5.52 77.90 -22.62 3
Chl 7.08 4.96 70.03 -22.62 3
Scop + Dex 4.69 4.15 88.51 -48.74 ]
Prom + Dex 7.15 5.06 70.83 -21.86 5

Results of the Graybiel scores norn ized to the trial duration per treatment are presented
in Table 4.4. The ANOVA reported no significant difference between the normalized
scores (Fg.12=1.156;p=.422).

Table 4.5: Gra-+i~! =~~~z ' o ' tment.
% Change from
h n SD Cv DlnnnakAa D ANILY

Placebo 0.23 0.16 69.57

Prom + Caf 0.18 0.23 127.78 -21.74 4
Mec 0.23 0.27 117.39 0.00 6
Dim 0.18 0.20 111.11 -21.74 4
Chl 0.16 0.15 93.75 -30.43 3
Scop + Dex 0.12 0.16 133.33 -47.83 1
Prom + Dex 0.15 0.14 93.33 -34.78 °

4.3 Physiological Parameters

Physiological parameters were analyzed for 2 distinct periods, the no-motion baseline and
the subsequent simulator motion periods. The mean value for e last minute of each of

these periods was calculated and te 1 for significance.

4.3.1 Core Temperature

Core temperatures were collected during baseline period for each trial. Statistical analysis
revealed no differences between the core temperature per :atment during baseline

(F6,12=0.655;p=.689). These data are reported in Table 4.6.
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Placebo
Prom + Caf
Mec

Dim

Chl

Scop + Dex

The ANOVA indicated no significant difference between core temperatures at the time of

Prom + Dex

y Lot

viean dU CvV % Change from

(°C) (Y] (%) Placebo RANK
38.34 1.53 3.98
37.78 0.96 2.55 -1.45 2
38.21 1.05 2.75 -0.35 4
38.41 1.36 3.53 0.18 5
37.16 0.42 1.13 -3.07 6
38.27 1.20 3.14 -0.19 3
2@ 7% 1.13 29 1.07 |

termination of the trial (F¢ 1,=0.573;p=.743). Data are reported 1 Table 4.7.

Table 4.7: Trial core temperature by treatment.

Placebo
Prom + Caf
Mec

Dim

Chl

Scop + Dex
Prom + Dex

Mean SD cv % Change from

rom (°C) (%) Placebo RANK
3/.87 1.51 3.99
37.71 1.08 2.86 -0.42 5
38.02 1.05 2.76 0.40 4
38.41 1.45 3.79 1.42 2
36.98 0.73 1.97 -2.35 6
38.23 1.16 3.02 0.96 3
38.64 1.17 3.03 2.04 1

The difference between the core

baseline core temperature was calc

ANOVA reported no significant change in the difference scores across treatments

(Fe.12=0.872;p=.558). These data .

nperature at point of m

reported in Table 4.8.

Table 4.8: Difference between end of trial and baseline core temperature by treatment.

ion termination and the

ited and tested using an ANOVA. The results of the

Placebo
Prom + Caf
Mec

Dim

Chl

Scop + Dex
Prom + Dex

Mean SD cv % Change from
O (°C) (%) Placebo RANK
-0.47 0.89 190.58
-0.07 0.21 300.02 -84.75 4
-0.19 0.12 66.81 -60.06 1
0.00 0.31 593.89 -100.08 6
-0.18 0.55 300.91 -60.74 2
-0.03 0.14 402.43 -92.57 5
-0.11 0.50 454.35 -76.52 3
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4.3.2 Skin Temperature

The mean skin temperature was  culated using a weighting equation developed by
Hardy and Dubois (1938). The AM 'VA reported no significant differences in mean skin
temperal es between tr :nts at baseline (Fg,=0.992;p=.510). These data are

reported in Table 4.9.

Table 4.9: Baseline skin temperature by treatment.

Mean SD Cv " % Change from

|0 | e (%) Placebo RANK
Placebo 27.77 2.1/ 7.81
Prom + Caf 28.36 1.37 4.83 2.12 5
Mec 28.1 2.14 7.62 1.19 3
Dim 28 1.83 6.44 2.38 6
Chl 28.26 2.07 7.32 1.76 4
Scop + Dex 27.31 1.97 7.21 -1.66 2
Prom + Dex 27.28 2.51 9.20 -1.76 1

The weighted mean skin temperature during the last minute of the motion exposure

period was tested using a one-way ANOVA. The statistical test reported no significant

difference (F¢2=2.030;p=.188). These data are reported in Table 4.10.

Table 4.10: Trial skin temperature by 2Nl
Mean | SD | Ccv % Change from

I (%) Placebo RANK
Placebo 20.15 2.43 8.61
Prom + Caf 26.89 1.60 5.95 291 6
Mec 2 1.97 7.38 2.18 5
Dim 26 2.14 8.11 1.00 4
Chl 25 2.21 8.58 -1.42 3
Scop + Dex 25 2.40 9.38 -2.07 2
Prom + Dex 25.06 2.54 10.14 -4.09 1

The difference between end of the motion exposure period and baseline weighted mean
skin temperature was calculated and tested by an ANOVA. There was no significant

difference reported (Fg 12=2.237;p=.158). These data are reported in Table 4.11.
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5.0 DISCUSSION

5.1 Introduction

This research evaluated a range of drugs belonging to different pharmacological classes
that are known to show varying degrees of effectiveness for symptom remediation among
individuals v o are susceptible to motion sickness. All anti-motion sickness drugs
employed in this study are : iilable for use with prescriptions and they belong to the
following pharmacological classes: antihistamines, anticho iergics and antiemetics

(Personal Communication, Dr. Bob Cheung).

The interpretation of these da > based on subject responses and, discussion of
pharmacokinetic outcomes are beyond the scope of this an /sis. Implications of the
findings of this work will prov 2 guidance to persons working in motion rich
environments who cannot afti 1 to lose vigilance or physical capacity while performing

their job.

Statistical analysis reported non-s ificant differences between the drugs on each of the
variables tested. This lack of significance may be attributed to the small sample size
(n=13), potential habituation to motion (despite a one-week washout between trials) and
all drug interventions, ex. _ for the placebo, have known, documented mediating effects
for motion sickness, thus, from t'  onset, minimizing any pote; al to detect inter-trial

differences.

A lack of statistical sign cance does not translate into a lack of important findings.
While not statistically s . :ant, there were similarities in the placebo trial compared to
the trials where drugs were ingested. While one may not anticipate measureable
differences between the trials where drugs were used, it was expected that these would be

different to the placebo trial.
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While, in most cases, no gnific 1t differences were detected, the data were further
scrutinized using a ranking >proach. This qualitative approach was considered to assess
whether there were similarities between the drug effects and the placebo condition.

In this respect, the drugs could be evaluated in terms of relative effectiveness on
physiological parameters, psychomotor performance, and psychophysical reports of

motion sickness.

5.2 Duration of Trial

The dur. on of the trials varied based on three criteria that determined end-point.
Subjective nausea rating reache six (voluntary withdrawal), the trial terminated at 60
minutes, or core body temperature reached 35°C. There were no instances where a
participant was required to terminate due to loss of core body temperature to 35°C. Thus,

trial duration was determined by the participant’s tolerance to the motion exposure.

As anticipated, the Placebo trials were terminated earliest. Pr n + Dex and Scop + Dex
were ranked number one and two respectively, with the two greatest percent change from
placebo (Table 4.2). A study by Wood and Graybiel (1968) evaluated 16 formulations of
anti-motion sickness drug formulations in the Pensacola Slow Rotation room and required
the participants to perform head >vements to elicit a provocative sensory conflict.
Scopolamine + Amphetamine were tested in various dosages in combination and alone.
No formulations were the  1e as employt " in this udy, however, it was found that the
combination of the two increased tolerance to provocative motion by almost 200% over
the average number of head movements during placebo trials. Wood et al. (1965) reported
similar findings using the same protocol to test the ability of a selection of drugs
mediate motion sickness development. Oral Scopolamine was again validated as a
successful treatment for motion sit 1ess prevention in a study by Graybiel et al. (1976),
which ranked second to Promethazine + Ephedrine. As reported in the study by Wood
and Graybiel (1968) the addition of a stimulant may increa tolerance to provocative

motion as it reduces the drowsiness effect of the drug. While in some past studies the
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The subject’s core body temperature was not significantly affected by the exposure to
cold as the mulus was 10°C and the exposure was of variable duration, from 20-60
minutes, and likely not strong enough to elicit a decrement in core body temperature.
This was reflected in the statis -al analysis. No statistical differences were revealed,
however, there may have been practical differences between the treatment conditions,
Prom + Dex and Mec were ranked one and two respectively (see Tables 4.6, 4.7 and 4.8)
as most effective in preserving core body temperature. For the purpose of recommending
these drugs to individuals who are in occupations that require them to be exposed to
extreme temperatures, Prom + Dex should be recommended with caution as
Promethazine affects thermoregulation (Canadian Pharmaceuticals Association, 2007).
The concept that a drug intervention might affect or facilitate the cooling of motion
sickness sufferers who are exposed to cold environments while developing or suffering
from motion sickness is novel. ere have been reports of motion sickness having a
potentiating effect upon individ  cooling during immer: »n in water post-moti 1
sickness provocation (Mekjavic et al.,, 2001). Findings were similar in two separate
protocols that provoked moti ckness using a human centrifuge and immersing
subjects in a 28°C bath (Mekjavic et al., 2001), and a protocol that provoked motion
sickness usii  a rotation chair  d immersion in a 15°C bath (Nobel et al., 2003). Each
experiment required the subjec take a 10-minute rest ectween motion sickness
provocation and immersion. Each study reported significant decreases in core
temperature in the immersion tri : compared to the control trials. The present stt
varies in that the cold stimulus is less potent, as water conducts heat from the body at
twenty three times the rate of air 3mith and Hanna, 1975). While the change in c«

temperature found in this sty is not significant, given a stronger cold stimulus subjects

may be at risk of greater heat loss during motion sickness devi pment.

5.4.2 Skin Temperature

Similar to the core temperatures, the variability of these measurements is larger than

expected. As explained above this may be due to equipment calibration issues,
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improve performance during the psychomotor tasks. Motion sickness and performance
have been shown to have a n ve relationship in past research (Comperatore and
Rivera, 1998). Studies have also suggested that task perfor ance during motion may

improve tolerance to motion (Bos et al., 2005).

This study employed a SUSOPS task battery to measure how motion sickness stress
affected logical reasoning, reaction/response time and basic 1ath aspects of cognitive
function, and how treatment conditions affected the same aspects of cognitive abilityChl
and Scop + Dex ranked as the best overall as they resulted in the best performance on the
SUSOPS tasks, and Prom + Caf was ranked second best overall performance on the

SUSOPS task battery.

5.5.2 Reaction Time

The most sensitive reaction/response time task was the SRT. The number of responses
elicited (see Table 4.23) and the sponse time (see Table 4.21 and 4.22) were the highest
of the three SUSOPS tasks. T, e was over one response per second compared to the
SUB and LRT tasks where response times were three seconds or more. The sensitivity of
this measure allowed for a better  ication of how reaction time was affected during each
treatment condition. During each treatment condition reaction time between baseline and
test one was negatively affected by the onset of motion. ..is was most apparent in the
SRT task, and not so in the SUB and LRT as they both had 1 1ich h™ "ier response tin

and had higher degree of task difficulty. In the SRT task, typically administered as the
final test for each treatment condition, reaction t : was closer to that of baseline, most

likely due to the subject becomir  accustomed to the motion stimulus.

The effect of motion-induced interruptions on cognitive performance appears to be
under-explored in the lite  1re, and many performance decrements are largely studied, or
attributed, as the result of motion sickness symptoms. Overall the drugs that most
effectively preserved cognitive performance were Scop + Dex as the highest ranked and

Prom + Caf and Mec ranking second. In the SRT task alone, which appeared to give a
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better indication of reaction time due to the sensitivity of the response time, Prom + Caf

ranked number one and Scop + Dex and Chl ranked second best.

5.5.3 Frequency and Accuracy

Response frequency may indicate the onset of motion sickness symptoms, or the difficulty
of the task. In the SUB and LRT tasks there were far fewer responses elicited, and
therefore in this case the  k difficulty may be the cause. However, there was some
variety in the frequency of responses across treatments, while not significant. Mec and
Scop +1 x were the two drugs  at saw the highest number of responses across all tests.

This is the rank-order seen in the SRT response frequency chart as well (see Table 4.23).

The drugs that resulted in the highest response frequency were not in alignment with those
drugs that elicited the highest num - of correct responses. Chl, Prom + Caf and Placebo
were ranked as the three best across all tests in accuracy. This might be due to the
extreme owsiness that was ex’ 1ced on some of the other drugs, or the effect of the
dexamphetamine stimulant in the Scopolamine and Promethazine. In the SRT trial Chl
and Placebo were ranked as the st and second best in terms of accurate responses,
however, in this test the r¢ onses across all drugs were all in the 98%, 99% and 100%
correct range (see Table 4.24), thus the differences were very minor, and an inaccurate
response in this test could be due to the motions of the waves and the actual physical
effects of the motion on t|  participants Hility to p e the cursor in the correct position
and click before being jolted by the ship motions. In both the SUB and the LRT correct
responses (see Tables 4.20 and 4 5) Prom + Caf was ranked as one to the top two drugs
in preserving accuracy in more cha :nging cognitive tasks. P 1aps in terms of accuracy,
the LRT and SUB task are better representations of how the drugs affect the subjects’

cognitive ability, as they are measuring basic arithmetic and logical reasoning.
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rich environments who cannot afford to lose vigilance or physical capacity while

performing their job.

Statistical analysis reported non-significant differences between the drugs on each of the
variables tested. This lack of significance may be attributed to the small sample size
(n=13), a potential habituation to motion and that the subjects are being given drugs to
prevent the development of motion sickness symptoms. However, the experimental
design, by its nature, limited the likelihood of determining significant differences,
specific. y amongst the treatm s that included anti-nausear medications. In all cases,
the trend was for the subject to demonstrate the most obvious signs of motion sickness

under the placebo state.

Due to the lack of significance the data were analyzed using a rank-order approach. The
percent change from the placebo condition was calculated for each drug for each variable.
The la r positive percent « inge om placebo was ranked as the most “effective” drug.
The drugs could then be evaluated in terms of effectiveness ¢ physiological parameters,

psychomotor performance, and sychophysical reports of motion sickness.

The treatment conditions influenc  the various experimental measures differently, and
thus, the results may be applied to  :cific scenarios, depending on the desired outcome of
the drug intervention. Motion sickness symptoms were best mediated by Scop + Dex and
Prom + Caf, and so would it e applied to scenarios where developing symptoms and

side-effects from the treatn  t of motion sickness impairs decision-making ability..

Scop + Dex and Prom + Caf were also ranked in the top treatments for maintaining
baseline cognitive ability under co .. and motion stress, and Scop + Dex was also the best
ranked drug for duration to ance, so either of these treatments would be best applied in
scenarios where motion sickness would impede vigilance and occupational performance,

and prolonged exposure to the stin " is required.
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Prom + Dex, Mec and Chl best reserved skin and core temperatures, and Prom + Dex
was also in the top three trr ‘ments that best mediated motions sickness symptoms, and
duration tolerance. Therefore in  :se treatments would be best applied in scenarios
where ir viduals are exposed to cold climates, however, it should be taken under
advisement as Promethazine comes with a caution when ed in extreme climates

(Canadian Pharmaceuticals Association, 2007).

These data suggest that tt 2 are trends indicating some drugs are better used in some
scenarios, such as those requirii  cognitive awarer s and optimal performance, while
other drugs may be applied in siti :ions where the main p pose is for the comfort of the

passenger, or of someone whom v lance and alertness is not required.
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Appendix A Call for subjects Poster

Volunteers are needed for a study that will
evaluate how body temperatures change with
exposure to mot »n and anti-nausea medications.

[1  Contribute to our v__: rstanding of how people become sick

due to motion.
W o can participate?

|:| _A nuvnna hatyvirzean 1Q_88 viearc nf aae

0 1S
Who cannot participate?

L

[

To find out more, contact:

Elizabeth Coady — eacoady@mun.ca or 737-3138
Patricia Cumby — 778-0304 — Centre for Marine Simulation
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Appendix B Consent To Take ] rt In Health Research

January 2006
Faculty of Medicine, Schools of Nursing and Pharmacy of Memorial

University of Newfoundland; Eas -n Health; Newfoundland Cancer Treatment and
Research Foundation

CONSENT TO TAKE PART IN HEALTH RESEARCH

TITLE: The Effects of Motion Sickness

INVESTIGATOR(S): Dr. Scott N. MacKinnon

SPONSOR:

You have been invited to take part in a research study. It is up to you to decide whether
to be in the study or not. B: »re yc decide, you need to understan what the study is

for, what risks you might take and what benefits you might receive. This consent form
explains the study.

The researchers will:

discuss the study with you

answer your questions

keep confidential any information which could identify you personally

be available during the: 1y deal with problems and an  er questions

If you decide not to take part or to 1 e the study this will not affect your normal
¢ ent
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1. Introduction/Background:

The main objective of this work is to investigate the effects of selected classes of anti-
motion sickness drugs in suppressing motion sickness induced changes in body
temperature.

Findings from this research will likely lead to insights about the mechanisms that
mediates motion sickness severity : 1 will generate guidance to better inform those who
operate or train personnel who operate in cold and motion-rich environments.

2. Purpose of study:
The purpose of this study is to evaluate the effects of motion sickness on body
temperature changes.

3. Description of the study procedures and tests:

Procedures that will be employed will include respon ng to questionnaires that
will evaluate the individual’s motion sickness susceptibility, reporting psycho-physical
responses to the motion stimulus. The participant will be sul :cted to provocative
motion, required to ingest an anti-motion sickness drug, or placebo. Temperature
instrumentation a heart rate monitoring system, including ECG, and an electrodermal
response system will be utilized to monitor the physiological :sponses of the
participant to ensure their safety during the trials.

4. Length of time:
The participants will be expected to participate in 5 trials over a five week
period. The trials will last approximately 1-2 hours each.

5. Possible risks and discomforts:
e Insertion of the rectal probe
e | Htionsickness S° toms (ie: headache, nausea, vomiting)
e Drowsiness, due to 1ti-mo n medications
e Cold

6. Benefits:

It is not known whetl this study will benefit you.

7. Liability statement:
Signing this form gives  your consent to be in this study. It tells us that you
understand the information about tI  research study. When you sign this form, you do
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not give your legal rights. Researchers or agenc  involved in this research study still
have their legal and profess 1l responsibilities.

8. Confidentiality:
Participant’s identity will be kept confidential. The results will be coded,
and1 mes will not be ;sociated with trials, drugs or m surements taken.

9. Questions:
If you have any questions about taking part in this study, you can meet with the
investigator who is in cha "tl study at this institution. That person is:

Dr. Scott N. MacKinnon ph:(709) 777-8746 or Elizabeth Coady, ph: 737-3138

Oryou « talk to someone who is it involved with the study at all, but can advise you
on your rights as a particiy tin¢  rch study. This pers. can be reached
through:

Office of the Human Invest’ ition Committee (HIC) at 709-777-6974
Email: hic@mun.ca
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Signature Page
Study title:

Name of principal investigator:

To be filled out and signed by the participant:

Please check as appropriate:

[ have read the consent [and information sheet]. Yes{} No{}
I have had the opportunity to ask qu  tions/to discuss this study. Yes {} No { }
I have received satisfactory  swers to all of my questions. Yes{} No{}
I have received enough information about the study. Yes{} No{}
[ have spoken to Dr. ¢ | he/she has answered my questions Yes{} No {}
[ understand that I am free to withd » from the study Yes{} No{}

e atany time
e without having to give a reason
e without affecting my future care [student status, etc.]

I understand that it is my choice to be in the study and that I may not benefit.Yes { }No{}

I agree that the study doctor or investigator may read the parts of my hospital.Yes { } No
records which are relevant to the st .

I agree to take part in this study. Yes{} No{}
Signature of participant Date
Signature of witness Date _

To be signed by the invest tor:

I have explained this study to the best of my ability. I invited questions and gave answers.
I believe that the participant fullv understands what is involved in being in the study, any
potential risks of the study and tl > or she has freely chosen to be in the study.

Signature of invest” itor Date
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Telephone number:

Appendix C Invasive Procedures Consent Form

Title: The ¢ ‘ect of anti-motion sickness drugs, and physiological responses,
in a cold and moving enviro nent.

Rectal Probe: A small plastic tube is inserted through the anus to the rectum and is
left indwelling for the experiment. Insertion of the probe may result in mild discomfort,
but since the Subject inserts the prc  themselves, this is minimal. Although there is a
possible risk of perforation of the bowel during insertion (perhaps causing severe
abdominal inflammation necess  ing emergency surgery), the investigator and his
associates are unaware of this ever having occurred.

I hereby consent to the procedure above. These
procedures and their complications have been explained to me to my satisfaction by the
Investigator, and I have had the opportunity to ask questions both of the Investigator and
of a physician.

Volunteer’s Signature: _ Date:
Witness Name: o
Witness Signature: - Date:

Principal Investigator: _ Signature:

Date:

I understand that I shall be given copy of this consent form.
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Appendix D Medical History Questionnaire

Experimental Medical Screening Questionnaire

Part 1: Personal Information

Surname: Given Name:
Sex (Cire : one): Male/Female Date of Birth:
Phone #: Address:

Part 2: Emergency Contact Information
Contact Name: Relationship to you:
Contact Number:

Part 3: Medical History

1. Please indicate whether you ave now or have ever had a significant episode of
one or more of the following:
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Appendix E Motion Sic ness Susceptibility Questionnaire

This questionnaire is designed to find out how susceptible to motion sickness you are
and what sorts of motion are most effective in causing that sickness. Sickness here means
feeling queasy or nauseated or actually vomiting. After somet kground questions, the
questionnaire consists of two sections:

Section A is conct  ed with your childhood experiences of travel and motion sickness,
that is, before the age of 12.

Section B is concerned with your experiences of travel and motion sickness over the last
10 years.

The correct way to answer e "1 question is explained in the body of the questionnaire. It
is important that you answer every question.

Thank you for your participation.

BACKGROUND QUESTIONS:

Name:

1. Please state your age. Years
2. Please state your Sex. Male [ ] Female [ ]

3. Please state you current occupation

4. Do you regard yourself as susce] le to motion sickness.

Not atall [ ] Slightly | _ Moderately [] Verymuc 3o/ ]
SECTIONS A: Your childhood experience only (before the age of 12).

For each of the following ty  of transportation and entertainment please indicate with a

'E
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permanently secured within a PVC tube. The thermistor is accurate within = 0.1 °C from

25°Cto 45°C.
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