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ABSTRACT

The aim of this study was to investigate the impact of ammonia inhalant on high
power performance of trained athletes under fatigue conditions. Nine subjects
performed 6-second X 12 sets of maximal pedaling (40-second inter-set recovery) on a
cycle ergometer with or without ammonia inhalant immediately before the 7th and 10th
pedaling sets. The decrements in peak and mean pedaling cadences over 12 sets were
compared between ammonia and control (no ammonia) conditions. This testing was
repeated under two ambient environments: a normal temperature (22°C, 50% humidity)
and a hot temperature (30°C, 80% humidity). Blood lactate concentration, ear éanal
temperature, and Visvual analogue scale (VAS) were measured immediately before
exercise, and then after the 6t 9th and 12th pedaling sets to evaluate the progresses Qf
fatigue, heat stresses, and discdmfort levels. The exercise generated blooci lactate
accumulation that was greater than ¥ = 11 mmol/L for all conditions. The decrements in
both peak and mean pedaling cadences were reversed with ammonia inhalant in the
normal temperature. These ergogenic effects of ammonia inhalant were, however, not
evident in the heat environment; despite greater discomfort levels and ear canal
temperature during the exercise compared to the normal temperature environment. It
was concluded that ammonia inhalant was effective in attenuating performance
decrement during repeated sets of short sprints in the normal temperature
environment. The hot temperature may not be a requisite to elicit ergogenic effects of

ammonia inhalant.
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CHAPTER I. INTRODUCTION

Enhancement of performance in exercise or sports is pursued and demanded by
many individuals at various levels of athleticism. In order for individuals to excel
beyond the normal boundaries of their standard capabilities, the natural state of enérgy
supplies and resources in the body may not be sufficient or efficient enough, particularly
during high intensity exercises or in adverse environments. Advantageous products,
therefore, have been widely used to overcome those boundaries. However, legality issues
and negative side effects are two important components to consider when using aids.
These components, however, may be disregarded by individuals at high competitive
levels or by those who strive for success over others. Common users such as athletes will
often apply and consume excess amount of certain products compared to other normal
users to gain greater and faster benefits expected from these products (Maughan 1999).
Despite underlying principles, fundamentals and hypotheses, there are still many grey
areas in the usage of certain aids that need to be researched and observed. To ensure
that the improvements of the psychological and physiological responses truly originate
from the substances, further research is warranted. Particularly, it should be clarified
that the effects are safe and favorable not just temporarily, but also in the long run.

As an example, a stimulant known as ammonia inhalant has caught researchers’
attention. Ammonia inhalant has been used by many training individuals to maximize
performance. Most of the previous studies of ammonia inhalant investigated its
ergogenic effects with the absence of fatigue (Bartolomei et al. 2017; Perry et al. 2015;
Richmond et al. 2014; Vigil et al. 2017). In general, ammonia inhalant failed to
demonstrate significant ergogenic effects on maximum strength, although a few studies
reported significantly increased cardiovascular responses and improved rate of force
development (Bartolomei et al. 2017; Perry et al. 2015). There is one unpublished study

(Secrest et al. 2015) in which fatigue was induced before testing the effect of ammonia



inhalant. In the study, ammonia inhalant was successful in iniproving pedaling power.
The experimental procedures, however, were not provided in full details.

Accordingly, the aim of this study was to investigate the ergogenic effect of
ammonia inhalant under metabolically or centrally fatigued state, induced by maximal
repeated pedaling sprints. Trained athletes underwent the exercise test with and

without ammonia inhalant on separate occasions. This testing was repeated in normal
and hot temperature environments. The expected effects of ammonia inhalant were
increased arousal state and stimulated cardiovascular or cardiorespiratory responses,
which may counter performance decrement associated with fatigue. It was hypothesized
that the ergogénic effects of ammonia inhalant Wduld be better elicited when tested
under physiological and psychological strains resulting from exhaustive metabolic
challenges, comp ared to the previous research settings with no fatigue induction.
Particulérly, the ergogenic effect of ammonia inhalant was expected to be greater under
the heat, where the development of central fatigue may be greater. The present study
was the first to investigate the effect of ammonia inhalant under fatigue condition in a

controlled crossover design.



CHAPTER II. LITERATURE REVIEW

Background

In sports, numerous advantageous products are often ﬁsed by individuals,
particularly athletes, to enhance performance. Such aids, which come in various forms,
are aimed at increasing recovery rates, reducing chances of injuries, and improving
mental and muscular strengths (Antonio et al. 2000; Kreider et al. 2004; Shimomura
2010). Although these products are widely available, many are banned in training and
competition, as shown in the prohibited list of the World Anti-Doping Agency (WADA),
due to the risks and overpowering benefits resulﬁng from the substances. Various
studies have investigated on the chéracteristics of many supplements, ergogenic aids
and other products to scientifically prove the physiological and psychological benefits or

detriments within the body.

Strength Training in Adverse Environments

There are many components and approaches for improving muscular strength
and endurance in combination with supporting products. Given that sporting
competitions may be held in various environments such as high altitude, water, heat
and cold conditions, training in an adverse environmental condition may be required to
achieve better performance outcomes (Acevedo & Ekkekakis 2001; No & Kwak 2016;
Quindry et al. 2015; White et al. 2015). Training in a unique and challenging
environment allows the human body to adapt to the psychological and physiological
demands imposed by the unfamiliarity of the environment. However, along with the
benefits derived from undergoing various types of training, negative impacts may
develop within the body such as excessive physical and psychological stresses.

In the heat, there would be an increase in skin blood flow, heart rate, hydration

or sweat rate which prevents excessive rise in the body core temperature. Under heat



that exceeds one’s thermoregulatory capacity due to impaired processes of convection,
conduction, evaporation and radiation, hypertherrﬁia may occur with psychological and
physiological functions disturbed (Maughan 2003). Exercising under such
circumstances, motivation for effort or further exercise bouts may be reduced since the
central nervous system may bé negatively affected (Febbraio 2000). In this state,
described as central fatigue, reducﬁons in muscular strength and speed may also result
~ along with slow and shallow breathing (Acevedo & Ekkekakis 2001; Nybo & Nielsen
2001). In other instances, with increased body core temperature, the cardiovascular
system is highly affected due to the disruption of blood flow circulation, which reduces
the availability of oxygenated blood flow to active muscles (Gonzalez-Alonso 2008). With
these natural occurring complexions, the overall performance is impaired under heat
(Nybo 2008). Furthermore, when the environment is both hot and humid, heat stress
may be emphasized due to the inefficiency of evaporative heat loss through sweating.
Therefore, symptoms such as weakness, exhaustion, headache, dizziness may be

imminent (Burton et al. 2004).

Endogenous Ammonia Production under Intense Exercise

Fatigue is generally caused by a complex interaction among several mechanisms
including the depletion of energy substrates, the accumulation of metabolic by-products,
and the influence of the central nervous system that leads to impairments of both
cerebral and muscular functions (Roelands et al. 2010). The contribution of each of these
fatigue mechanisms may be dependent on the frequency, intensity and duration of
exercise.

The production of ammonia (NHs), usually in the form of ammonium ion (NH4*),
during exercise has been observed as a result of the reactions of the purine nucleotide

cycle (PNC). In the initial stage of PNC, the deamination of adenosine monophosphate



(AMP), converting it to inosine monophosphate (IMP), results in NHsproductions
(MacLean et al. 1991, MacLean et al. 1994, MacLean et al. 1996; MacLean & Graham
1993; Graham et al. 1990). This reaction is common when undergoing prolonged
submaximal exercise with low muscle glycogen, or undergoing maximum or near-
maximum intense exercise to exhaustion (Broberg & Sahlin 1989; Houston 1995). The
product NHs is a base, hence is a proton acceptor. This protonation (the formation of
NH4") initially prevents muscles from becoming too acidic. However, the resulting
slowness of the rate of pH fall sustains the activity of a glycolytic enzyme,
phosphofructokinase (PFK), or NH4* may directly stimulafes PFK activity (Houston
1995). Consequently, the rate of glycolytic energy supply may be sustained or increased,
resulting in greater production of lactic acid. Eventually, muscle is forced to stop
working due to much lower pH, accompanied by greater lactate production (Vanuxem
1986; Houston 1995).

When ammonia metabolism occurs, the product ammonium may be leaked and
distributed into other organs (Huizenga et al. 1996; Lockwood et al. 1979). It was
observed that the direction of ammonium dispersion in the body may depend on pH
gradients in tissues. Commonly, ammonium may come in contact with the blood-brain
barrier (BBB). Since the BBB is a semipermeable membrane barrier, there may be
opportunities for ammonium to infiltrate past the barrier (Stabenau et al. 1959; Warren
& Nathan 1958). It has been reported that the infiltration of ammonium into the central
nervous system regions, which can potentially disrupt performance, may be more
apparent as the intensity of exercise increases (Banister et al. 1990). Other studies
demonstrated that the duration of exercise was another factor that determined the
amount of cerebral ammonium uptakes (Dalsgaard et al. 2004; Wilkinson & Smeeton
2010). With a high level of cerebral ammonium, exercise performance was significantly

affected, confirming that ammonium affects muscle metabolism and the level of central



fatigue (Nybo et al. 2005). When ammonium is present in the brain at large doses or at a
rapid rate due to intense or prolonged exercise, detoxification mechanisms are unable to
effectively reverse the excessive accumulation of ammonium. Consequently, the central
nervous system or the neurotransmitter activities may be disrupted, resulting in
impaired motor control, consciousness, and cognition (Banister et al. 1990; Vanuxem

1986).

Ammonia Inhalant

As mentioned above, endogenous ammonia production may occasionally occur in
exercising individuals. However, in the present study, ammonia will be used as an
exogenous agent to examine its potential benefits for exercise performance. There is a
common type of agent known as ammonia inhalant or “smelling salts”, which is a type of
respiratory stimulant that comprises of ammonium carbonate along with aromatic
scents. When ammonia inhalant is applied, the released ammonia gas affects the nasal
passége and the lungs, initiating a respiratory reflex. With even at a low concentration
of ammonia, one may suffer from eye, nasal, and throat irritations along with coughing
(Gorguner & Akgun 2010). However, previous cases, in which serious injuries occurred
to individuals, were only when higher concentration or consistent exposure to ammonia
gas was dealt with (Levy et al. 1964; Leduc et al. 1992). Nevertheless, this stimulant is
not recommended for use by individuals with respiratory problems or optic issues.

Traditionally, ammonia inhalant has been applied in scenarios where fainting,
light-headedness, or dizziness is present in an individual (McCrory 2006). However, in
recent times, the use of ammonia inhalants has been apparent in the sports field to
improve performance. This ergogenic aid is known as a “stimulant” during times of
diminishing performance. The users expect both psychological and physiological

benefits. Psychologically, ammonia inhalant was observed to arouse consciousness,



hence increasing focus. Physiologically, the inhalation reflex causes respiration to
accelerate or to restore normal breathing patterns (Velasquez 2011). However, along
with these expected benefits, there are risks associated with the use of ammonia
inhalant. Due to the natural head withdrawal reaction from inhaling the ammonia,
there may be a potential risk of spinal injury in the neck area or other forms of head
injuries. Moreover, if large concentration of ammonia is inhaled, there may be severe
risks towards the body (McCory 2006; Velasquez 2011).

In sports, the most common time frames of ammonia inhalant usage by athletes
have been immediately before or during competition. After inhalation, greater
performance was expected during the subsequent powerful movements. Commonly,
ammonia inhalant has been used before one-repetition maximum trials (Velasquez
2011). Therefore, the use of ammonia inhalant is prevalent especially in powerlifting
due to the nature of the sport’s embodiment of high intensity, speed and power efforts
within a short period of time. An international survey among 256 powerlifters revealed
that more than half of these athletes confirmed on the usage of ammonia inhalant
during competitions (Pritchard et al. 2014).

To date, ammonia inhalants are easily accessible and are not shown on the
prohibited list of the World Anti-Doping Agency (WADA), hence considered to be legal.
The users, however, need to be aware of the risks associated with ammonia inhalant
described above. Moreover, the benefits of ammonia inhalant are not conclusive and

lacking in scientific evidence. The details are discussed in the following section.

Previous Research on the Effects of the use of Ammonia Inhalant in Exercise

Although many athletes have used ammonia in their training and competitions,
only few scientific studies have proven the effectiveness of ammonia inhalant. One study

investigated the number of repetitions performed during bench press and back squat at



85% 1RM after inhaling either ammonia or placebo (Vick’s vaporub) (Richmond et al.
2014). However, no significant differences in repetitions were observed for both exercises
between the ammonia and the placebo conditions. The authors suggested that utilizing a
‘weight closer to 100% 1RM load, rather than 85% 1RM, would have been more ideal to
see potential ergogenic effects of ammonia inhalant (Richmond et al. 2014).

Another study examined the effect of ammonia inhalant on 1RM strength during
deadlift (Vigil et al. 2017). This study was designed to emulate training and competition,
where the maximum load would be attempted with ammonia inhalant, which was
commonly used for the extra edge in strength. However, no significant differences were
found in maximum strength between ammonia inhalation and control (water) conditions
(Vigil et al. 2017).

- A study by Perry et al. (2015) showed that the cardiovascular responses were
indeed stimulated by inhaling ammonia with increased blood pressure, heart rate and
cardiac output. Then, they investigated the peak strength and the rate of force
development during isometric mid-thigh pull with or without ammonia inhalant.
Ammonia inhalant was applied at three different timings, 15, 30 or 60 seconds before
the mid-thigh pull. Despite the stimulating effects on cardiovascular parameters, peak
strength was not affected by ammonia inhalant regardless of administration timing.
Whereas, the rate of force development was greater with ammonia than control,
however only when administered 30 seconds before the exercise trial (Perry et al. 2015).
Similar to the study by Perry et al. (2015), Bartolomei et al. (2017) investigated the
effects of ammonia inhalant on isometric mid-thigh pull, as well as countermovement
jump height. Again, ammonia inhalant produced no effects on peak force during mid-
thigh pull and counter movement jump height, but the rate of force development during
the mid-thigh pull was improved with ammonia inhalant. These two studies may imply

that ammonia inhalant has greater impact on the rate of force development with faster



recruitment of motor units, rather than adding motor units that are inadvertently not
recruited.

Lastly, a study was done to evaluate the benefits of ammonia inhalant on
maximal anaerobic performance, following fatigue induction in a hot temperature
chamber (35.5°C and mean relative humidity of 30%) using simulated American football
game on a Monark ergometer (Secrest et al. 2015). The fatigue challenge consisted of 5
seconds X 12 sprints, 5 seconds X 9 sprints, and 5 seconds X 6 sprints, which were
randomly assigned six times (6 sets), with a 40-second rest between sprints. The sets
were separated by a 6-minute recovery, except between the 3rd and the 4th sets with a
10-minute half-time break. Following the fatigue challenge, subjects performed 30-
second Wingate tests three times in a normal temperate environment (21.3°C and
relative humidity of 27.5%). Ammonia inhalant was applied 5 seconds before the 3rd
Wingate test trial. The results showed that both peak and mean pedaling power during
the Wingate test increased significantly after the application of ammonia inhalant
compared to the earlier Wingate trials (Secrest et al. 2015). In comparison to other
previous studies, this study was the first to evaluate the potential of ammonia inhalant
under a fatigue condition, with ergogenic benefits evident. However, this research work
is available as part of the proceedings, and not yet available in published form. The
methodology is not provided in full detail regarding the fatigue challenge sets assigned,

and the timings of the subsequent Wingate tests.

Summary

"Ammonia inhalant which is commonly used as an ergogenic aid, is still
considered legal under the WADA policy. Therefore, the present study aimed to prove if
there are any real scientific benefits behind this particular substance. The general

physiological effects of ammonia inhalant include cardiovascular or respiratory



stimulation, and increased arousal and consciousness levels. The previous studies
reporting ineffectiveness of ammonia inhalant on repetitions or a single bout of high
strength performance were conducted in the absence of fatigue before the movements.
Secrest et al. (2015) were the first to document improved performance with ammonia
inhalant following fatigue challenges. The methodology of their study was however not
fully provided. Moreover, a few studies did report improved rate of force production
during maximum isometric contraction with ammonia inhalant. To better clarify the
effectiveness of ammonia inhalant or the conditions in which the effect of ammonia

inhalant is maximized, further research is warranted.
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CHAPTER III. AIMS

Primary Aim
* Investigate the ergogenic effects of ammonia inhalant on power decrement

during repeated short sprint exercise.

Secondary Aim

« Examine the effectiveness of ammonia inhalant along with the levels of

physiological strains between two ambient environments (normal vs. hot-humid).
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CHAPTER IV. METHODS

Subjects

Nine power trained university athletes (7 men and 2 women) were recruited for
this study. Their height, mass and age were respectively 172.7 £ 5.3 cm, 78.0 + 12.4 kg
and 19.6 + 1.0 years at the time of the experiment. Their training experience ranged
from 4.5 years to 16.5 years with five to six training sessions per week. Full details of
the subjects’ characteristics are provided in Appendix III. No existing injuries or
respiratory disorders were present in all of the subjects before and during the
experiment.

All subjects came to the chamber and underwent one trial test session (described
below) to familiarize with the design of thé experiment and the use of ammonia inhalant
before the commenéement of the actual experiments. During kthe experimental period,
subjects were allowed to participate in their daily training sessions and competitions.
The experiments were, however, scheduled‘at the same or similar time of day. No strict
diets were instructed but the subjects avoided fasting or consuming caffeinated
beverages before each experiment. Prior to all the testing, all participants received a
session of verbal orientation of the study, read descriptions of the experiment and risks
involved, and signed an informed consent form. This study was approved by the human

ethics committee of Juntendo University, Graduate School of Health and Sports Science

(No. 29-24)

Experimental Design

This study was designed to investigate the impact of ammonia inhalant under
fatigue induced by 6 seconds x 12 sets of maximal pedaling sprints (40 seconds inter-set
recovery) in both normal and heat temperatures. Each subject had to participate in a

six-day period of experimental procedures, not in consecutive days. The 1¢* day included

12



the introduction and orientation of the experiment. The 224 day included a trial test run
of the experiment procedure, to examine if each subject was able to complete the full
test. On days 3, 4, 5 and 6, subjects, who were able to complete the trial test run,
participated in the actual experimental sessions in a cross-over counter balanced
fashion. They performed the aforesaid exercise, consisting of repeated sets of maximal
pedaling, on a cycle ergometer (Powermax-Vur, Combi Wellness, Tokyo, Japan) with
ammonia inhalant or control (no ‘ammonia) in a normal or hot temperature chamber.
The two conditions (ammonia vs. control) were separated by 2-3 days to minimize the
effect of changes in performance. A relatively longer period (3-7 days) was allowed
between the two temperature environments (normal vs. heat). The orders of assigned
condition and temperature were counterbalanced among the subjects. Subjects were
asked to come at or around the same time for the four trials. The ammonia inhalant
used in this study was Pac-Kit First Aid (South Norwalk, CT) ammonia capsule,
containing 15% ammonia and other inactive ingredients. The distance for ammonia
inhalant application was 6 cm away from the nose. Performance was evaluated with
decrements in the peak and mean pedaling cadences over 12 sprint sets. Blood iactate,
ear canal temperature, and discomfort levels were also measured to report physiological

and psychological strains incurred by the exercise.

Warm-up

The temperature and humidity set for the normal and hot environments were
respectively at 22°C and 50%, and at 30°C and 80%. When testing in the hot
environment, subjects stayed in the heated chamber for one hour prior to the
experiment. Before each testing, subjects warmed up for 10 minutes on the cycle
ergometer by pedaling at preferred cadences at 1.0-1.5 kilopond (kp) for the first 6

minute 40 second. Then after the 7th minute of warm up, a 4-5 seconds sprint at 2.0 kp

13



was performed every minute (x4 sets). After warm up, a 10-minute setup time was

placed before starting the exercise test.

Exercise Testing

The exercise consisted of 12 sets of 6-second maximal pedaling with 40 second
rest between sets (Figure 1). The pedaling load (kp) was set at 7.5% body mass in kg.
For the ammonia inhalant condition, an ammonia capsule was applied 5 seconds before
the 7th and 10t set. Each subject was asked to take one sniff near the ammonia capsule,
which was held 6-cm away from the subject’s nostrils, then turn his or her head away to
show the completion of the ammonia inhalation. If subjects wore contact lenses, they
were asked to close their eyes when sniffing the capsule to avoid any eye irritations or
discomfort. For the control condition, the subjects completed the same exercise protocol

in the absence of ammonia inhalant.

Measurements

The peak and mean cadences achieved in each 6-second pedaling were recorded
over 12 sets by the ergometer. Blood lactate, ear canal temperature and discomfort
levels were takén immediately before the 1< set, and then after 6t», 9th and 12th sets
(Figure 1). Blood was collected from the right earlobe (20 pl) to measure the
conceﬁtration of laétate ([La’]). The samples were analyzed using a lactate analyzer
(Biosen S-Line; EFK Diagnostics, Barleben, Germany). Blood [La’]l was used to estimate
the level of anaerobic metabolic challenges incurred in the trial. The ear canal
temperature was measured with an ear thermometer (MC-510; Omron) to investigate
the level of heat stress. Subjective discomfort levels were quantified using a customized
10.0-cm visual analogue scale (VAS). The figures for the overall procedure and VAS are

shown below.
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Figure 1. Experiment procedure.
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Figure 2. Customized 10-cm visual analogue scale (VAS).

Statistical Analysis

Two-way repeated measures Analyses of Variances (ANOVAs) were performed to
identify the main effects of condition (with or without ammonia inhalant) and sprint set,
and their interaction (condition x set) for the peak and mean cadences, blood [La’], ear
canal temperature and discomfort levels within each temperature environment.

Three-way repeated measures ANOVAs (temperature X condition X set) were
performed to study the main effect of temperature (normal or heat) for all the tested
variables.

When assumption of equal variances was infringed, significance was adjusted

using the Huynh-Feldt method. When significant main effect or interaction was
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detected, post-hoc pair-wise comparisons were performed where appropriate using the

Bonferroni adjustment.
Statistical tests were conducted using SPSS version 17.0 software (SPSS Inc.,
Chicago, IL, USA). All data are presented as mean + SD. P values of equal to or less than

0.05 were considered statistically significant.
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CHAPTER V. RESULTS

Pedaling Performance

The péak and mean pedaling cadences are presented in Figure 3 and 4. The main
effect of set was significant for the peak and mean cadences in both normal and heat
temperatures (P = 0.000~0.004), indicating a gradual performance decrement.
Temperature had no effect on the peak and mean cadences.

A significant condition X set interaction was observed for the peak (P =0.012)
and mean (P = 0.019) cadences only in the normal temperature environment, indicating
that the performance decrement was slightly reversed with ammonia inhalant,
especially after the 7th set (Figure 3 and 4 left). Post-hoc analyses revealed that both
peak (P = 0.005) and mean (P = 0.015) cadences at the 7t set were significantly greater
for the ammonia condition than the control. However, the pedaling performance did not
significantly differ between the two conditions at the 10t sprint set. Additionally, the
main effect of condition was significant for the mean cadence (P = 0.033), showing that
the overall mean cadence over 12 sets was greater for the ammonia condition (Figure 4
left). Ammonia inhalant, on the other hand, showed no benefits under the heat

environment (Figure 3 and 4, right).
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Figure 3. Peak cadences over 12 sets of maximal pedaling for both temperatures (normal
vs. heat). Arrows indicate ammonia application that took place 5 seconds before 7th and

10tk set. *significant main effect or interaction. n.s., non-significant where p > 0.05.
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Figure 4. Mean cadences over 12 sets of maximal pedaling for both temperatures (normal
vs. heat). Arrows indicate ammonia application that took place 5 seconds before 7th and

10th set. *significant main effect or interaction. n.s., non-significant where p > 0.05.
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Ear Canal Temperature and Discomfort Levels

Overall, the ear canal temperatures and discomfort levels were greater under the
heat than the normal temperature (P = 0.000, Figure 5). The progression of sprint sets
resulted in a gradual increase in discomfort levels for both normal and heat
environments (P = 0.000, Figure 5 left). A rise in ear canal temperature with sprint sets,
however, was evident only under the heat environment (P = 0.038, Figure 5 right).

Ammonia inhalant had no effect to alter ear canal temperature or discomfort levels

(Figure 5).
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105 7 «eeeeheattammonia 38.0 1
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¢+« < pnormal+ammonia condition: n.s.
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7.5 1 _
6.5 1 Heat Temp. 5 ] + . LL::;-.-:—“"
Q i o 1
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245 A ) 3 AL R I .
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Figure 5. VAS scaling (left) and ear canal temperature (right) measured at 4 time points
(before exercise, after 6th, 9th and 12th set) to evaluate discomfort levels and heat stresses.

*significant main effect or interaction. n.s., non-significant where p > 0.05.
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Blood Lactate

Blood [La’] increased gradually with sprint sets (P = 0.000, Figure 6), with the
average values exceeding 11 mmol/L after the exercise. No differences were found in
[La’] between normal and heat temperatures. Under the heat environment, however,
ammonia inhalant resulted in slightly but significantly greater [La’] than the control

condition (P = 0.039, Figure 6).

Blood Lactate
17.0 7
T
Heat Temp.
condition: *P=0.039 T
time: *P=0.000 e
13.0 1 interaction:n.s. | .. .-

Normal Temp.
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time: *P=0.000
interaction: n.s.

[La~] (mmol/L)
Nel

3.0 1 eeeees heat+ammonia
heat+control
«++++*pormal+ammonia
normal+control
1.0 T T T : .
Before After After After

Exercise 6th Set 9th Set 12th Set
Time Period

Figure 6. Blood lactate measured at 4 time points (before exercise, after 6th, 9th and 12th

set). *significant main effect or interaction. n.s., non-significant where p > 0.05.
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CHAPTER VI. DISCUSSION

Application of ammonia inhalant has been used by many athletes to gain
physiological and psychological benefits in sports performance (McCory 2006). Ammonia
inhalants were originally described and observed as stimulants that acquire the
mechanisms to increase level of consciousness (Velasquez 2011). Accordingly, when
individuals experience a higher level of fatigue or when they need a quick burst of
increase in arousal state, ammonia inhalant may play a role in supporting those factors:

In our study, we have taken account of the fatigue factor with the application of
ammonia inhalant in two environments (normal vs. heat) under high intensity exercise.
Our main findings were as follows: 1) under normal temperature environment, there
was a significant increase in peak and mean pedaling cadences with ammonia inhalant
cdmpared to control, 2) ear canal temperature and discomfort levels were found to be
greater under heat temperature environment, and 3) the application of ammonia
inhalant resulted in a higher level of blood lactate concentrations than the control under
heat environment.

Elaborating further on the main findings above in relation to our hypothesis, it
was believed that the ergogenic effects of ammonia inhalant may be more apparent
under physiological and psychological strains, particularly in the heat temperature.
However, the results of this study contradicted our hypothesis. In this present study,
peak and mean cadences were improved with ammonia inhalant in the normal
temperature environment only (Figure 3 and 4). As for the peak pedaling cadence, our
finding agreed with Secrest’s study (2015), in which increased peak power was observed
with the usage of ammonia inhalant. However, the Secrest’s study may raise
inconsistencies with the ergogenic effect due to unclear methodology in the experiment.
In the present study, we demonstrated a clear and organized procedure in consideration

of the usage of ammonia inhalant. Hence, the finding of the Secrest’s study has been
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consolidated by our results. In addition to the improvement in peak cadences, mean
pedaling cadences were also improved in the present study. Accordingly, this finding
shared a similar significance with previous studies that tested on an isometric mid-
thigh pull and Wingate trials, in which rate of force development and mean pedaling
power were increased by ammonia inhalant (Bartolomei et al. 2017; Perry et al. 2015;
Secrest et al. 2015). A plausible mechanism of acquired benefits in enhancing the rate of
force or power development may be a faster recruitment of motor units, but stronger
scientific reasoning is still required.

In our study, however, the finding of increased mean cadence with ammonia
inhalant may be partly contributed by day-day performance variation since a greater
mean cadence was apparent for the 15t set (P = 0.015) before the administration of

-ammonia (Figure 4 left). Nonetheless, there were upwards shifts in the time-course of
performance decrement, which coincided with the timings of ammonia inhalant,
particularly at the 7th set (P =0.015), (Figure 4 left). Therefore, the observed sig‘nificant
condition effect (P = 0.033) as well as significant condition X set interaction (P = 0.019)
may indeed indicate the ergogenic effects of ammonia inhalant.

Post-hoc analyses, however, revealed ‘ghat the greater peak and mean cadences
resulting from ammonia inhalant were evident only at the 7t* set. One interpretation
may partially be the close timing of the ammonia inhalant between the 7% and 10t set.
The first application of ammonia inhalant was applied after 6 sets of maximal pedaling
sprints, which the subjects may have been more prone to a stimulant effect due to the
fatigue factor. On the other hand, the second application of ammonia inhalant was
applied within 3 sets of maximal pedaling sprints. Therefore, there may have been a
refractory period before the second application of ammonia inhalant, in which the
ergogenic effect may not have taken effect yet. Alternatively, there may have been a

potential ergogenic effect of ammonia inhalant at the 10t pedaling set, through which
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the subjects were able to maintain the peak and mean cadences similar to the control
condition despite the greater cadence outputs achieved during earlier sets, possibly
countering the aftermath. Further research is needed to identify the ideal frequency and
timing of ammonia inhalant application.

Unexpectedly, the present study showed no ergogenic effects of ammonia
inhalant in the heat environment despite greater discomfort levels and ear canal
temperature than the normal environment (Figure 5). Due to higher discomfort and
heat stfess, fatigue may potentially be exacerbated in a higher temperature
environment. However, both the peak and mean cadences were similar between the two
temperatures. Therefore, subjects, under the heat environment, may not have
experienced a state of central fatigue, which was high enough to accelerate the
performance decrement. With a higher discomfort level, inhalation of ammonia may add
to, rather than reduce discomfort sensation due to its strong unpleasant smell. This
could partly explain the lack of performance enhancement with ammonia inhalant
under the heat condition. However, our VAS measurements showed that discomfort
levels were nearly the same between ammonia inhalant and control in the heat
temperature. The exact mechanisms, therefore, remain unclear. Notably, the Wingate
tests of Secrest’s study (2015), which demonstrated ergogenic effects of ammonia
inhalant, were performed under normal temperature (21.3°C and 27.5% humidity),
although the preceding fatigue challenges were attempted under heat environment
(35.5°C and 30% humidity). Therefore, it can be suggested that heat environment may
" not be imperative in identifying the benefits of ammonia inhalant.

Lastly, in the present study, there was greater blood lactate accumulation with
ammonia inhalant under the heat environment (Figure 6). Studies have shown that
endogenous ammonia production stimulates the rate of glycolysis, hence resulting in

greater lactic production (Vanuxem 1986; Houston 1995). However, in the present study,
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one sniff of ammonia inhalant was applied exogehously on two occasions only (before the
7th and 10th sprint sets). Therefore, it was unlikely that the concentration of systemic
ammonia levels increased with the current administration method. If ammonia
inhalation increased the level of body ammonia concentration, we would have observed
greater lactate production with ammonia inhalant under the normal temperature as
well. This was, however, not observed in the present study (Figure 6). Lactate
production also depends on work done. In the normal temperature, the lactate
concentrations, however, were similar between ammonia inhalant and control
conditions, despite greater performance achieved in the ammonia condition. In contrast,
under the heat condition, the ammonia inhalant, which resulted in greater lactate
concentration, produced similar performance to that of control condition. Therefore, no
clear association was established among ammonia inhalant, performance and blood

lactate.

Conclusion

Ammonia inhalant was effective in reversing performance decrement during
repeated sets of maximal pedaling sprints. The ergogenic effect was, however, present in
the normal temperature only. Therefore, the heat may not be a requisite to elicit the

ergogenic effects of ammonia inhalant.
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APPENDIX III

Training
Training Session

Subject Gender Age (yjrs) Height (cm) Mass (kg) Sport Exp. (yrs) /week
Cycling,
1 Female 19 164.0 66.1 Track/Field 7.5
2 Male 20 177.3 82.6 Swimming 15.5
3 Male 19 181.8 73.6 Swimming 6.5 6
Hammer
Male 19 170.8 92.3 Throw 4.5 5
Male 19 174.5 94.8 Shot Put 7.5 5
Cycling,
6 Male 22 168.6 59.9 Track/Field 16.5 6
Hammer
Throw, Shot
T Male 20 172.8 89.7 Put 7.5 5
High Jump,
8 Male 19 175.2 73.8 Long Jump 4.5 5
9 Female 19 168.9 69.2 Heptathlon 5.5 5
Mean 20 172:7 78.0 8 5
SD 1 5.3 12.4 4 1
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APPENDIX V

Trial tests. Peak cadence (normal temperature) (control)

Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 151.0 153.0 153.0 152.0 153.0 153.0 154.0 153.0 153.0 153.0 152.0 151.0
2 176.0 174.0 170.0 172.0 169.0 169.0 169.0 169.0 167.0 169.0 168.0 170.0
3 179.0 172.0 168.0 168.0 166.0 164.0 161.0 162.0 160.0 161.0 161.0 160.0
4 182.0 169.0 158.0 149.0 147.0 140.0 133.0 132.0 130.0 127.0 131.0 128.0
5 175.0 172.0 164.0 163.0 159.0 155.0 146.0 137.0 144.0 134.0 136.0 134.0
6 187.0 181.0 178.0 176.0 170.0 170.0 168.0 165.0 162.0 167.0 163.0 162.0
1 165.0 167.0 163.0 159.0 160.0 160.0 157.0 159.0 158.0 156.0 157.0 155.0
8 195.0 192.0 185.0 184.0 183.0 179.0 176.0 176.0 172.0 171.0 170.0 168.0
9‘ 157.0 156.0 152.0 151.0 149.0 149.0 145.0 148.0 146.0 144.0 146.0 147.0
Mean 174.1 170.7 165.7 163.8 161.8 159.9 156.6 155.7 154.7 153.6 153.8 152.8
SD 14.2 11.8 11.0 12.2 11.5 12.0 13.6 14.6 13.0 15.0 13.7 14.5

Trial tests. Peak cadence (normal temperature) (ammonia inhalant)

Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 151.0 151.0 152.0 153.0 154.0 154.0 157.0 154.0 154.0 154.0 153.0 154.0
2 176.0 171.0 171.0 167.0 167.0 167.0 174.0 168.0 168.0 172.0 169.0 170.0
3 182.0 175.0 173.0 167.0 165.0 165.0 165.0 164.0 161.0 159.0 156.0 157.0
4 180.0 171.0 159.0 150.0 143.0 137.0 140.0 137.0 133.0 130.0 128.0 128.0
5 177.0 173.0 168.0 165.0 159.0 156.0 153.0 148.0 143.0 146.0 139.0 136.0
6 189.0 183.0 176.0 172.0 167.0 167.0 165.0 160.0 159.0 157.0 154.0 149.0
1 172.0 166.0 165.0 161.0 159.0 157.0 160.0 156.0 157.0 161.0 154.0 150.0
8 198.0 193.0 188.0 181.0 182.0 179.0 179.0 176.0 171.0 171.0 170.0 168.0
9 156.0 153.0 155.0 153.0 150.0 152.0 152.0 150.0 149.0 148.0 147.0 146.0
Mean 175.7 170.7 167.4 163.2 160.7 159.3 160.6 157.0 155.0 155.3 152.2 150.9
SD 14.8 13.2 11.2 10.1 11.3 11.9 11.0 11.6 12.0 13.0 13.3 13.6
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APPENDIX V continued

Trial tests. Mean cadence (normal temperature) (control)

Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 135.9 128.4 130.6 128.2 128.4 124.9 129.4 131.2 123.7 131.8 127.1 128.2
2 149.9 140.1 144.3 140.4 140.2 136.4 138.7 139.6 137.8 145.8 139.9 138.9
3 148.1 150.1 139.3 141.6 145.8 139.9 135.8 138.0 133.0 139.1 135.8 140.8
4 159.3 140.5 133.7 120.5 125.4 117.6 113.9 114.3 113.6 114.3 114.3 105.1
5 152.6 150.7 142.7 146.2 136.0 128.3 121.9 121.9 124.1 114.9 111.4 120.8
6 154.9 154.0 151.2 150.1 144.4 1444 151.2 141.3 132.7 140.8 136.1 142.2
7 132.4 145.3 135.7 137.6 139.1 139.3 131.5 131.9 139.4 133.1 135.2 131.6
8 160.1 169.7 159.1 152.9 157.6 154.6 1474 151.4 146.8 146.1 145.3 142.3
9 125.1 132.7 130.3 130.2 122.3 128.0 118.2 130.2 123.0 1234 129.6 123.8
Mean 146.5 145.7 140.8 138.6 137.7 134.8 132.0 133.3 130.4 132.2 30.5 130.4
SD 12.4 12.3 9.7 10.7 11.2 11.3 12.7 10.9 10.2 12.2 11.3 12.5

Trial tests. Mean cadence (normal temperature) (ammonia inhalant)

Subject 1 2 3 4 5 6 7 8 9 10 11 12

1 132.9 130.2 132.4 132.7 127.6 128.8 127.6 132.4 133.9 130.0 132.7 128.0

2 158.8 138.4 147.1 145.5 147.5 135.0 151.1 146.8 143.8 144.0 143.8 140.7

3 153.6 145.8 150.1 139.1 136.7 143.8 1449 1445 132.8 135.8 134.7 128.0

4 159.6 144.5 132.2 126.0 122.3 111.9 123.2 116.2 112.7 115.2 111.4 110.6

5 156.6 152.0 147.8 148.1 143.3 139.4 133.5 133.8 126.2 126.4 119.2 122.3

6 168.3 161.9 150.1 147.2 137.9 146.5 146.7 135.1 139.5 130.6 134.9 122.7

7 151.9 148.4 1415 1415 135.4 134.9 133.3 134.9 129.8 137.6 135.5 131.5

8 168.6 166.3 164.8 148.3 159.7 153.6 157.2 153.6 146.3 148.9 141.3 144.7

9 130.7 132.5 131.5 130.2 127.1 130.5 128.6 128.0 126.5 129.2 128.6 121.3
Mean 153.4 146.7 144.2 139.8 137.5 136.0 138.4 136.2 132.4 133.1 1314 127.8
SD 13.5 12.2 11.0 8.4 11.6 12.0 11.8 11.0 10.3 10.0 10.3 10.4
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APPENDIX V continued

Trial tests. Peak cadence (heat temperature) (control)

Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 153.0 152.0 152.0 155.0 154.0 156.0 156.0 156.0 154.0 154.0 154.0 153.0
2 176.0 173.0 169.0 167.0 168.0 167.0 164.0 166.0 163.0 163.0 162.0 162.0
3 186.0 181.0 176.0 174.0 172.0 167.0 164.0 162.0 162.0 162.0 160.0 161.0
4 177.0 171.0 159.0 151.0 145.0 136.0 129.0 128.0 128.0 121.0 116.0 122.0
5 180.0 177.0 172.0 170.0 164.0 160.0 156.0 157.0 148.0 140.0 139.0 141.0
6 186.0 179.0 175.0 173.0 171.0 170.0 170.0 170.0 166.0 168.0 166.0 156.0
7 168.0 168.0 165.0 163.0 163.0 160.0 156.0 159.0 153.0 151.0 151.0 149.0
8 192.0 188.0 183.0 182.0 183.0 181.0 178.0 179.0 177.0 176.0 174.0 173.0
9 159.0 157.0 157.0 158.0 156.0 154.0 152.0 153.0 153.0 151.0 152.0 153.0
Mean 175.2 171.8 167.6 165.9 164.0 161.2 158.3 158.9 156.0 154.0 152.7 152.2
SD 13.0 11.5 10.1 10.0 11.3 12.5 13.7 14.1 13.7 16.3 17.0 14.4
Trial tests. Peak cadence (heat temperature) (ammonia inhalant)
Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 157.0 155.0 156.0 157.0 155.0 158.0 159.0 156.0 157.0 159.0 156.0 156.0
2 181.0 175.0 173.0 172.0 170.0 169.0 174.0 169.0 167.0 169.0 168.0 167.0
3 181.0 176.0 174.0 172.0 168.0 165.0 163.0 161.0 158.0 157.0 155.0 156.0
4 179.0 168.0 161.0 153.0 141.0 140.0 142.0 134.0 118.0 104.0 116.0 123.0
5 181.0 179.0 174.0 168.0 165.0 163.0 168.0 163.0 163.0 163.0 156.0 153.0
6 187.0 179.0 177.0 171.0 168.0 170.0 171.0 167.0 163.0 167.0 160.0 154.0
7 166.0 166.0 166.0 160.0 160.0 154.0 155.0 148.0 143.0 145.0 139.0 134.0
8 193.0 188.0 183.0 178.0 177.0 176.0 177.0 175.0 172.0 176.0 170.0 173.0
9 160.0 157.0 156.0 156.0 154.0 153.0 153.0 152.0 151.0 149.0 149.0 150.0
Mean 176.1 171.4 168.9 165.2 162.0 160.9 162.4 158.3 154.7 154.3 152.1 151.8
SD 12.3 10.9 9.6 8.8 10.8 10.9 11.3 12.4 16.2 21.2 16.4 15.3
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APPENDIX V continued

Trial tests. Mean cadence (heat temperature) (control)

Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 136.1 131.2 131.0 128.8 130.2 121.6 134.7 125.9 130.0 126.5 133.1 130.4
2 154.4 148.0 137.6 132.2 141.5 145.0 1359 144.2 1434 141.5 132.7 133.8
3 159.7 147.1 146.8 145.6 148.8 146.0 134.5 141.6 142.5 135.8 134.7 139.0
4 146.4 149.5 129.0 124.8 1185 109.7 111.5 105.7 107.8 102.2 103.4 106.6
5 158.6 149.9 156.6 148.4 147.1 131.6 139.4 130.6 129.2 126.2 118.4 1136
6 154.6 151.0 152.2 144.0 144.9 139.2 148.5 146.7 141.5 143.3 1449 133.1
7 142.6 140.5 1379 137.5 142.4 141.1 134.9 131.6 132.8 130.0 130.3 128.6
8 168.6 161.8 153.6 159.7 159.0 156.6 154.9 154.7 154.5 149.0 149.4 150.6
9 139.7 1277 130.3 137.2 136.6 129.3 127.0 133.2 135.2 130.3 129.3 136.0

Mean 151.2 145.2 141.7 139.8 141.0 135.6 135.7 134.9 135.2 131.6 130.7 130.2
SD 10.7 10.5 10.8 10.8 11.6 14.1 12.3 14.3 13.0 13.6 13.6 13.2

Trial tests. Mean cadence (heat temperature) (ammonia inhalant)

Subject 1 2 3 4 5 6 7 8 9 10 11 12
1 137.3 135.7 136.9 136.3 128.2 133.9 127.1 127.3 129.8 129.0 122.4 130.8
2 159.5 140.9 140.9 145.3 137.8 145.0 150.8 144.7 140.7 139.7 146.3 140.4
3 155.7 154.7 151.9 142.1 140.4 139.9 136.7 1414 1384 136.4 125.2 136.2
4 158.4 133.2 137.5 127.3 108.4 115.8 118.6 108.7 104.0 92.0 104.3 105.1
5 150.4 154.2 142.7 146.1 149.4 1414 143.1 138.0 139.2 142.1 1375 129.7
6 161.7 153.1 152.2 150.6 1429 146.5 147.4 1449 138.1 145.6 139.0 133.6
7 138.4 136.7 143.2 132.5 137.6 133.4 130.4 126.7 122.0 121.2 122.0 1184
8 167.7 163.5 158.8 151.2 158.4 152.1 157.9 150.6 151.9 154.9 141.7 146.4
9 138.7 136.4 131.7 135.2 127.9 133.6 131.9 126.2 133.2 129.5 122.4 127.6

Mean 152.0 145.4 144.0 140.7 136.8 138.0 138.2 134.3 133.0 132.3 129.0 129.8
SD 11.3 11.0 8.7 8.3 14.3 10.5 12.6 13.1 13.6 18.1 13.2 12.2
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APPENDIX VI

Measurements. Blood lactate (normal temperature) (control)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise
1 22:15 : 8.41 10.06 10.99
2 2.30 7.41 8.66 10.22
3 3.50 ; 9.71 10.97 11.65
4 6.12 10.70 12.85 13.09
5 3.34 ‘ ‘ 9.16 11.95 13.72
6 5.61 10.21 12.52 13.85
7 2.28 9.05 10.70 11.71
8 3.47 10.89 13.11 14.52
.9 3.26 ; 8.96 10.76 11.33
Mean 3.6 9.4 11.3 12.3
'SDi 1.4 1.1 Th 1.5

Measurements. Blood lactate (normal temperature) (ammonia inhalant)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise

1 2.25 7.16 9.2 10.50
2 1.86 7.07 8.92 10.38
3 3.75 9.11 12.88 14.24
4 4.48 11.88 12.18 13.85
5 4.26 9.65 12.81 14.52
6 7.20 12.24 18.14 15.89
7 3.59 9.95 11.37 13.30
8 3.94 10.89 13.93 16.52
9 197 7.95 10.5 11.76

Mean 3.7 9.5 12.2 13.4

SD 1.6 1.9 2.8 22
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APPENDIX VI continued

Measurements. Blood lactate (hot temperature) (control)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise
1 o8 : 8.15 10.24 11.00
2 2.09 8.31 9.79 11.50
3 2:74 : 11.05 12.09 13.21
4 3.42 8.72 10.34 10.67
5 3.02 10.04 11.90 13.74
6 5.52 10.27 11.34 12.60
T 4.28 8.88 11.06 11.17
8 1.91 9.27 11.3 12.15
i 9 2.40 9.41 11.48 12.78
Mean 3.0 9.3 11.1 12.1
SD . 3 1.0 0.8 11

Measurements. Blood lactate (hot temperature) (ammonia inhalant)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise
1 2.45 8.53 10.20 11.62
2 3.13 8.54 9.89 11.22
3 4.16 , 11.40 13.67 14.15
4 4.54 10.49 11.95 12.08
5 2.65 9.67 12.76 13.81
6 5.42 10.88 12.68 14.44
7 3.25 8.78 10.84 12.02
] 2.74 10.56 12.95 13.84
9 1.99 9.06 11.04 12.41
Mean 3.4 9.8 11.8 12.8
SD B 1 1.1 1.3 1.2
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APPENDIX VI continued

Measurements. Ear canal temp. (normal temperature) (control)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise

Al 36.7 36.3 36.8 36.5
2 36.5 36.7 36.7 36.7
3 36.5 37.0 36.8 36.5
4 36.2 36.0 36.3 36.3
5 36.8 36.3 36.6 36.2
6 36.6 36.3 36.5 36.4
hak 36.5 37.0 36.6 36.6
8 36.3 36.4 36.6 36.3
9 35.6 35.4 35.7 35.2
Mean 36.4 36.4 36.5 36.3
- SD ; . 04 e 010 0.3 0.4

Measurements. Ear canal temp. (normal temperature) (ammonia inhalant)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise

1 36.4 37.2 37.1 36.6

2 36.6 36.6 36.8 36.9

3 36.4 37.1 36.5 36.8

4 36.4 36.7 36.5 36.7

5 36.9 37.0 37.0 36.8

6 36.4 36.4 36.3 35.5
T 36.7 36.8 36.9 37.0
8 36.4 36.4 36.0 36.3

9 . 35.8 36.0 35.6 35.7
Mean 36.4 36.7 36.5 36.5
’ SD 0.3 0.4 0.5 0.5
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APPENDIX VI continued

Measurements. Ear canal temp. (hot temperature) (control)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise
1 “« 367 37.1 36.7 37.2
2 37.0 36.7 36.9 37.1
3 372 37.1 37.3 36.2
4 36.8 37.2 37.1 37.2
5 36.4 37.2 37.1 37.3
6 37.1 37.0 37.0 37.4
ST 37.2 37.2 37.5 32
8 36.9 36.7 36.9 37.2
9 36.8 36.8 36.9 37.1
Mean 36.9 37.0 37.0 37.1
“SD. L 03 L 0.2 0.2 0:3

Measurements. Ear canal temp. (hot temperature) (ammonia inhalant)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise

1 37.1 37.2 37.1 37.2

2 37.0 36.9 37.1 37.4

3 36.8 37.3 37.1 37.5

4 36.8 36.8 37.2 36.8

5 36.8 37.4 37.2 37.6

6 37.1 36.9 37.3 37.4

7 32 37.0 37.3 37.2

8 37.0 36.9 37.0 37.3

9 36.4 36.5 36.3 36.5
Mean 36.9 37.0 37.1 37.2
SD 0.2 0.3 0.3 0.4
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APPENDIX VI continued

Measurements. VAS (normal temperature) (control)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise

1 0.2 5.8 8.1 94
2 0.1 1.7 4.4 5.4
3 0.5 ‘ 2.8 38 6.1
4 0.2 3.3 7.0 7.8
5 0.0 4.8 6.1 8.0
6 1.8 4.1 7.1 8.2
7 0.0 4.8 6.7 7.8
8 0.0 5.6 7.1 8.4
g 0.5 ' 3.8 7.0 8.8
Mean 0.4 4.1 6.4 7.8
SD . 0.6 : 1.3 o 14 1.3

Measurements. VAS (normal temperature) (ammonia inhalant)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise
1 0.2 4.5 7.5 8.9
2 0.3 2.6 3.7 5.0
3 0.6 2.8 4.3 5.9
4 0.2 2.8 5.8 6.9
5 0.1 5.2 6.4 T2
6 2.0 4.9 7.1 8.2
T 0.2 5.3 7.3 8.0
8 1.0 5.8 7.8 9.1
9 0.2 3.8 7.6 8.3
Mean 0.5 4.2 6.4 7.5
SD 0.6 L2 1.5 1.4
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APPENDIX VI continued

Measurements. VAS (hot temperature) (control)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise

1 v . 6.6 9.0 9.9
2 0.2 2.6 4.8 6.1
3 0.9 4.2 6.3 7.8
4 0.5 4.4 6.3 7.9
5 0.9 6.0 Jid! 9.0
6 2.8 5.1 7.7 9.7
7 - 0.6 5.6 7.5 8.9
8 0.5 6.2 8.5 9.6
9 0.6 : 4.0 T2 1
Mean 1.0 5.0 Tl 8.7
SD , 09 1.3 . 13 1:2

Measurements. VAS (hot temperature) (ammonia inhalant)

Subject Immediately Before After 6th Set After 9th Set After 12th Set
Exercise
1 0.9 5.8 8.6 10.0
2 0.6 2.5 4.5 5.6
3 1.1 3.7 5.1 7.0
4 0.1 3.9 6.9 7.9
5 1.0 5.9 6.7 8.0
6 2.9 5.9 7.6 9.6
7 11 6.5 8.4 9:1
8 2.2 6.7 8.0 9.6
9 0.7 3.9 8.0 9.2
Mean 1.2 5.0 7.1 8.4
SD 0.9 1.5 14 14
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AR=INT =<V RAERRICRET D514 BB R T 2 ) — MOEH ST
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RAB®HDZ Linh, BROVEFREETORIENEE LN EEZ 7,
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[B#Y]

AL, BB LRRANY ) T EBIC LV ES 2 RESE, 7o T=TRE| RS
LDNT =~ AETEER TE BN OVWTRIEL -, £7-. C ORI A R L
EPRBEICTITV., 7B T WB OE% i LT,
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IBLDNY—RFET AV — "R 6 X112y b, &y NEKE 40 BOBEK~SF Y L V&
BERIERE (BK22E, BES% & EHEE (BK30E, BES I TiTork, &
BIENENOBRETCT U E=T®BIED, EHIEL (2 hr—L) 02T
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7w AFHmZIESE Y RSN V=7 BLOEYEEHESAV SN, F
o, WHESVOFEL LT, mMPamE ([Lal). SHEE. RER (10. 0-cm visual
analogue scale) PEENER]. XN 6th, 9th, 12th v NERIZERHF SN,
[FERBLUEE]
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HEE SRS NI, BREETIL. ©— 2 BLOEYEEROE TR T &= 7RA|Iz
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1%y & (B3IZHRA) TERBOONRN-T, —FT, BREBECET L E=7 %3]
WC L DEFTEHNRIIHER TE d o7z,

L

TrE=T RGN IR UEBROE S ZERTE S, LnL, ZOMRITEERED S
THER I, BEBRETIZE LN -T2,
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