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This study has inv 

Abstract 

estigated the effects of acute inoesti on of caffeine (C) 

(4 mg*kg-'). ephednne (E) (0.8 mgkg-'), and their combination (C+E) on muscular 

endurance, using a double blind, repeated measures design. Mer  ingesting either a 

placebo (P) or one of the three treatments cited above, 13 male subjects performed a 

weight training circuit consisting of three supersets of leg press (at 80% of 1 RM to 

exhaustion) followed by bench press (at 70% IRM to exhaustion). The mean number 

(kSD) of repetitions for leg press was significantly (p<O.OS) higher afker both the E 

(17.4k6.2) and C+E (19.8k7.3) treatments than after either C (14.3c6.4) or P (14.1+4.8), 

but in the first set only. Similady, the ingestion of E ( 1 3 . 3 e . 9 )  and of C+E (14.3 S. 1) 

was followed by significantly higher repetitions for bench press than was the case with 

the ingestion of either C (12.4k2.7) or of P (12.7s. 1). The total weight lifted duting al1 

three sets, both for leg press and bench press, did not change significantly afker any of the 

three treatments when compared to P. S ystolic blood pressure, measured both pre-and 

post-exercise, showed an increase with C+E (1 56F29) and with E (1 50r114) as compared 

to C (141+16) and P (138+14). It was concluded that acute ingestioi? of C+E and E 

increases muscular endurance, but only during the fit of multiple bouts of exercise. 
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Chapter 1 
Introduction 

The use of performance-enhancing substances by athletes is not a contemporary 

phenomenon. Athletes purportedly resorted to such measures over 2000 years ago. The 

term ergogenic, which is derived from the Greek word for work [I l ,  is defined as that 

which increases work or the potentid for work [2]. Whiie the use of argogenic aids is 

most commonly associated with those who are involved in sports and exercise, industrial 

workers and military personnel have also been known to engage in such performance 

enhancing practices. Williams [3] devised five categories of ergogenic aids: 

physiological, psychological, mechanical, pharmacologicai, and nutntional. Nutritional 

ergogenic aids are defined as substances found either in the diet or in certain kinds of 

ceils that humms ingest when attempting to improve their sport. exercise. or general 

physical performance. 

CafFeine is a widely used nutritionai ergogenic aid. Almost al1 caffeine cornes 

from dietary sources, mainly coffee and tea [4]. The ergogenic properties of caffeine have 

been attributed to its stimulation of the central nervous system (CNS) andlor to an 

increase in energy metabolism in the periphery via adenosine receptor blockade, 

improved neuromuscular transmission, increased muscle contractility, and increased 

catecholarnine levels [5]. Many studies have established that caffeine can prolong the 

tirne to exhaustion in prolonged continuous activity [6-81. 

in contra$ very few studies have examined bnef intense exercise (90- 100% VOt 

max) followuig caEeine ingestion. Among those, results are equivocal. Some studies 

have found that caEeine ingestion produces no effect on short-term high intensity 

exercise performance. Other studies, however, have reported an ergogenic effect during 



graded incremental exercise tests [9]. Equivocal test results have aiso been reported with 

respect to supramaximal intensity exercise. Doherty [ l  O] recently reported that caffeine 

ingestion increased the capacity for anaerobic exercise and improved supramaximal- 

running performance. On the other hand, Williams et al.[l l] reported that cafYeirie 

produced no effea either on maximal power output or on muscular endurance during 

short, maximal bouts of cycling. Similady, Coilomp et al [12] found that caffeine 

ingestion failed to increase either peak power or total work completed during 

supramaximai intensity cycle exercise. 

A common finding of in sitii studies of isolated animal muscle models is that 

caffeine treatment increases muscle force generation when the muscle is electncally 

stirnulated [ L 31. The majority of human studies, however, have reported that caffeine 

affects neither maximal voiuntary nor involuntary muscle force generation [ 5 ] .  Thus, it 

remains uncenain if the ingestion of cafTeine alone enhances muscle strength in humans. 

Ephednne, a sympathornimetic drug, is both an alpha and -adrenergic agonis, and 

stirnulates receptors in the CNS and peripheral tissues via the displacement of 

norepinephrine from the nerve ending binding sites to the extracellular fluid. Until 

recently, there were only two published studies of the eEects of acute ephedrine ingestion 

on exercise performance [14, 151. Both studies reponed that neither ephedrine nor 

pseudoephedrine produced an ergogenic effea on exercise performance. 

Recent investigations indicated that ingestion of caffeine in combination with 

ephedrine (C+E) significantly increases physical work capacity during hi@ intensity 

exercise. Bell et al. [16] found that the ingestion of 5 mgkg-' of caffieine (C) combined 

with 1 mg0kg-' of e p h e d ~ e  (E) significantly prolonged cycle ergorneter exercise tirne at 



85% VOzmax. Bell et al. [17] also reported that followùig the ingestion of C+E, 

improvements were noted in the Canadian Forces Wanior Test times (3.2 km military 

performance test where individuals run wearing iight "fighting order" weighing about 

10 kg). In contrast, C+E ingestion did not affect the results of anaerobic performance 

tests, such as peak or mean power generated during supramaximal intensity cycle 

exercise (45s Wingate Test); nor did C+E affect the results of a test, lasting 

approximately 2 min, for anaerobic capacity [ 181. 

No studies have been published on the effects of C+E on tests of muscular 

endurance. Bell et al. [L6] speculated that the pnmary mechanisrn of action following the 

ingestion of C+E is the stimulation of the CNS. If this is indeed the case, then it is 

reasonable to assume that muscular endurance would be enhanced following C+E 

treatment, particularly during consecutive sets of standard strength training exercises, 

insofar as the level of CNS stimulation cm directly influence the rate of muscle force 

fatigue during such exercise [19]. In light of these findings, the current research proposes 

to determine the effects of ingesting C+E on muscular endurance. 

A combination of caEeine and ephedrine has been s h o w  to decrease the rate of 

perceived exertion W E )  during high intensity exhaustive exercise [ 1 61. The authors 

speculated that C+E might delay central fatigue, perhaps by atfecting neurotransmitter 

and/or opioid activity. For this reason, the present study has included a blood analysis for 

identifjmg catecholamines (epinephrine and norepinephrine), and the opioid P- 

endo rp hin. 



Chapter 2 
Literature Review 

2,l Caffeine 

2.1.1. History 

The use of caffeine by humans dates back to Paleolithic tirnes. To capture its 

stimulant properties, the raw h i t  of the coffee plant, Coffea arabica, was used to prepare 

very strong caffeinated beverages. It is widely accepted that the Turks were largely 

responsible for the early popularity of coflee [20]. 

Caffeine initially found its way to North Amenca in the fonn of Chinese tea. 

Mer the Boston Tea Party of 1773, coffee becarne North America's primary form of 

caf5eine. Other comrnon food sources of cafFeine include chocolate, sofi dnnks (colas), 

and cocoa [21]. The content of caffzine found in dietary sources range from 40 to 

180 mg*[ 50 dl in coffee; from 24 to 50 mg* 150 ml-' in tea; tiom 15 to 29 rngmfl in 

cola; fiom 2 to 7 mgm 150 ml" in cocoa, and Frorn 1 to 36 rng28g-I in chocolate [22]. 

CafFeine has been used clinically in the treatrnent of neonatai apnea, asthma, 

atopic dermatitis, and migraine headaches [ I l .  Recently, as a result of cseine's 

popularity, it has been added to various weight loss or 'fat burning' supplements as well 

as to various nutritional supplements purported to increase exercise performance. These 

include but are not limited to catreinated water, caffeine gum, cdFeine pills, oral caffeine 

spray, caffeinated carbohydrate gel, and cafEeinated energy bars [23]. 

Worldwide catfeine consumption 6om aü sources can be estirnated to be around 

75 mgœperson-l-day~' but reaches 225 mg*daym' in the US and Canada and more than 

400 mg-person*'*day-' in Sweden and Finiand, where 80 to 100% of caffeine cornes fiom 



coffee alone. While daily consumption of caffeine in the UK is close to that of Sweden 

and Finiand, in the UK 55% of caffeine consumption cornes from tea, 43% from coffee, 

and the remaining 2% from colas [2 1 1. 

2.1.2.Chemistry 

CaEeine occurs naturally in 63 species of plants. Along with theophyiline and 

theobromine, caffeine is part of a group of alkdoids called methylxanthines. 

Cafïeine is a 1,3,7-trimethylxanthine. The first methyi group accounts for the 

CNS çtimulation, the methylation of position 3 is closely linked to diuresis, and the 

methyl group at position 7 correlates with cardiac stimulation [24]. 

2.1.3 Pharmacokinetics 

CaiTeine absorption From the gastrointestinal tract is rapid, reaching 99% 

in approximately 45 min. Peak plasma caEeine concentration is reached between 15 and 

120 min d e r  oral ingestion [25]. Graham and Spriet [8] measured a peak plasma caffeine 

concentration of 45 pmol*~*l one-hour after a dosage of 6 mgkg". Toxic effects of 

caEeine are observed at plasma concentrations of 200 pmol-~", and plasma 

concentrations of 500 pmol*~" are considered to be fatal [9]. For doses less than 

10 mgkg", caffeine haif-lives range From 2.5 to 4.5h in humans [26].  

CaEeine is primarily degraded via hepatic metabolism and the resultant single 

methyl group xanthines and methyluric acids are eliminated in the urine. From 0.5 

percent to 3.5 percent of ingested caffeine is excreted unchanged in the urine [27]. 

2.1.4 Mechanisrns of Action 

There are three dominant theones regarding caEeineYs mechanisms of 



action on skeletal muscle physiology. These include (1) the mobilization of intraceuular 

calcium fiom the sarcoplasmic reticulum of skeletal muscle, (2) the increase of cyclic-Y, 

5'-adensosine monophosphate (CAMP) by the inhibition of phosphodiesterases in muscle 

and adipocytes, and (3) the competitive antagonism of adenosine receptors, primarily in 

the CNS [28]. 

2,1.4.1 Mobilization of Intracellular Calcium 

It is well documented that caffeine can initiate and potentiate muscle contraction 

[29]. At a concentration of I to 2 yrnol*~'l, caffeine lowers the excitability threshold and 

prolongs duration of the active penod of muscle contraction bi viîro by the release of 

calcium fiom the sarcoplasmic reticulum [30], and by inhibiting the re-uptake of calcium 

by sarcoplasmic reticulum, making the ion more available for muscle contraction. 

Caffeine also increases twitch tension development in muscles by sensitizing the 

muscular contractile apparatus to the concentration of intracellular calcium[3 11. 

In order to produce detectable effects on calcium shifts, a minimal concentration 

of 250 pnol-L" of caffeine is necessary [13]. Cafkine's toxicity at or above this level 

makes it unlikely that the mobilization of intracellular calcium represents an essentiai 

mechanisrn of caffeine action in vivo [13]. 

2.1.4.2 Inhibition of Phosphodiesterasw 

CaEeine has been show to cause the body to increase fat oxidation and decrease 

carbohydrate oxidation [3 21. Using caEeine and theophylhe, Sutherland and colleagues 

observed that methylxanthines prevented the enzymatic breakdown of CAMP by 

inhibithg cyclic nucleotide p hosphodiesterase [3 31. Cyctic-3'' 5'-adenosine 

monophosphate ( c m )  is involved in the control of glycogen metabolism and 



peripheral lipolysis [32]. The resulting increase in CAMP levels lead to increased levels 

of fiee fatty acids (FFAs), and thus to a glycogen sparing effed during prolonged 

exercise. 

This phenornenon has only been observed N 2  vitro. Furthemore, extremely high 

dosages of cafTeine are needed to elicit this response. Therefore, there is not a very strong 

link between phosphodiesterase inhibition and the physiological doses of caffeine used in 

vivo [34]. 

2.1.4.3 Adenosine Receptor Inhibition 

Adenosine inhibits neurotransrnitter release and neuronal firing rates by binding 

to receptors of the CNS [35], thereby inhibitkg neuronal activity and the release of 

neurotransmitters, thus intedering with synaptic transmission [36]. There are four distinct 

adenosine receptors, Al,  M A ,  A2B, and A3. Aithough al1 are important, Al and M A  

are the two most often examined in caffeine research because they are activated at quite 

low levels of caffeine [2 11. A 1 receptors have a high affinity for adenosine whereas M A  

receptors have a low affuity. Via these two types of receptors, adenosine regulates a 

number of physiological functions either by inhibition (in the case of Al receptors) or by 

stimulation (in the case if A2 receptors) of adenylate cyclase. CafEeine exerts antagonist 

actions on these same types of receptors [37]. 

In contrast to the other two mechanisms of action described above, rnost of 

adenosine's eEects on the CNS can be uihibited by doses of cafFeine that are well within 

physiologicaily non-toxic levels, comparable to approxirnately two cups of coffee 1381. 

This dose of caffeine has no reported eEect either on CAMP metabolism or on calcium 

flux in the sarcoplaxnic reticulum. The administration of adenosine usudy produces 



effects antagonistic to those of caeine. These include depression of neuron activity, 

inhibition of synaptic transmission, and release of neurotransrnitters [3 91. 

Costiii et al. [32] proposed a "metabolic hypothesis" to explain the performance 

effects of caffeine, particularly during endurance exercise. Their hypothesis was that 

caffeine ingestion leads to an increase release of catecholamines from peripheral nerve 

terminais andor the adrenal medulla; that the elevated catecholarnine levels stimulate the 

release of FFA from adipose tissue, resuiting in elevated FFA levels in the plasma. This 

results in greater fat oxidation in the working muscles because FFA oxidation rate is a 

direct fùnction of blood flow and arteriaf FFA concentration. The end result, according to 

the authors, is a reduction in giycolysis and the utilization of endogenous glucose and 

giycogen [do]. 

CafTeine is a well-known stimulant of the CNS [39,4 LI, largely as a result of an 

increased release of acetylcholine which, in mm, leads both to greater motoneuron 

recruitment and fiequency of potentials of the motor end plate. 

2.1.5 Adverse Effects 

Numerous adverse effects have been attributed to the use of caffeine. 

Nervousness, irritability, and insomnia result from the CNS stimulant effect and may 

occur in different individuals at doses at or above 400 mg [42]. Fatal poisoning by the 

ingestion of catfeine is rare. However, the acute lethal-dose of caffeine in adults appears 

to be about 5 to 10 g [2 11. Other effects include gastrointestinal distress, transient 

hypertension, and tachycardia [43]. 

Aithough some evidence exists that caffeine cm induce cbromosomai 

abnormalities in plant and mammalian cells in vitro via the inhibition of DNA repair 



processes, such abnormaiities are observed only with caffeine concentrations that fa 

exceed those that tend to follow the ingestion of any caEeine-containing food or beverage 

P l  - 

Numerous studies have examined possible deletenous effects of caffeine in the 

etiology of acute myocardial infarction. However, most evidence has fded to link 

cafEeine ingestion with an increase incidence of coronary heart disease [45]. 

W e  there is epidemiological evidence to suggest that hi& volumes of coEee 

consumption are associated with cancer of the pancreas, kidney, and lower urinary tract 

[43], these studies could not directly implicate caffeine because of the other chernicals 

found in coffee. Furthemore, these studies fail to exclude other confounding factors such 

as smoking. 

2.1.6 Caffeine and Exercise Pedormance 

Caffeine has long been suspected as having the potential to increase exercise 

performance. However, literature on the effects of cafFeine has been divided on this 

subject. As a result, there have been codicting mlings issued by various national and 

international athletic cornmittees regarding the legality of caffeine use ptior to athletic 

events. In 1962, a study conducted arnong Itaiian athletes reported that caffeine was one 

of the most cornrnon doping agents used by athletes [46]. Officiais at the 1970 

Commonwealth games comprised the first international group to ban the use of caffeine 

at a concentration equal to 2 cups of coffee [47]. Two years later, at the 1972 Olympic 

games in Munich, caEeine was taken off the list of banned drugs since there did not seem 

to be sufEcient scientific evidence to support banning it [48]. Since that tirne, the [OC has 

changed its rnind and has once again placed caffeine back on the List of banned 



substances. In 1984, Delbeke et al. [49] reported the existence of a dose-response curve 

for the ergogenic response from cafYeine use. Conservatively, it has been suggested that 

urinary ca8Fei.e levels of 10 pg-mL-l probably indicated intentional caffeine ingestion for 

the purpose of inçreasing athletic performance. Subsequently, the IOC established a legal 

limit for caffeine at 1 2 pg-m.L-' while the CIAU and NCAA established it at 1 5 p g / m ~ '  

[50, 5 11. It should be noted that these limits are extremely high and are only reached after 

5 to 7 cups of coffee. Furthemore, almost every study that has reponed performance 

benefits nom caffieine used doses that were well within pennitted lirnits [6-8. 40, 52, 531. 

2.1.6.1 Caffeine and Aerobic Exercise 

The initial interest in caffeine as an endurance ergogenic aid was stimulated by a 

study that examined the effect of ingesting 330 mg of caeine 1 h pnor to cycling 

exhaustion at 80% of VOZmax [32]. The researchers reported an increased time to 

exhaustion (75 min vs. 96 min) with caffeine. A second study demonstrated that ingestion 

of 250 mg of caffeine was associated with a 20% increase in the amount of work 

perfonned over 2h [54]. These studies demonstrated an increased use of fat as an energy 

substrate dong with a decrease in glucose metabolism. An increase in venous FFA 

concentrations and a decrease in the subjects' respiratory exchange ratios (RER) 

supported this result. Sirnilar results were reported by Essig et al. [40]. Using a cycle 

ergorneter and a 5 mgkg*' dose of caffeine, the researchers found a significant increase in 

tirne to exhaustion, dong with a 42% decrease in muscle glycogen use. Berglund and 

Hemmingsson [55] examined the effects of 6 rng-kg-' cafKeine on 14 cornpetitive cross- 

country skiers in a 20 km ski run. There were significant decreases in time needed to 

complete the run. Sasaki et al. [56] reported that an absolute caffeine dose of 300 mg 



irnproved performance by 35% Ui subjects who ran at 80% V02max (53 vs. 40 min). 

Fulco and associates [57] examined time to exhaustion on a cycle ergometer following a 

40 km march. Twenty-three caffeine-naïve subjects each received 5 mgkg-' of caEeine. 

Despite decreases in the rate of perceived exertion (RPE) with caffeine ingestion, there 

was no increase in performance. Butts and Crowell[58] found no increase in 

performance in males and fernales cycling at 75 % 1 h after ingesting 300 mg of caffeine. 

Ganslen et al. [59] studied the performance of 5 subjects on a treadrnill test. A dose of 

200 mg of cafTeine had no effect either on aerobic capacity or work. In a similar snidy by 

Hogervorst et al. [60], 100 or 250 mg of cafFeine were adrninistered on 5 separate trials to 

3 trained subjects. During a treadrnill mn to exhaustion at a supramaximal intensity, no 

effects of cafEeine on oxygen uptake or performance time were observed. 

2.1.6.2 Caffeine and Short-Term, High Intensity Exercise (STHIX) 

While much research has been carried out to examine the effects of caffeine on 

endurance exercise, there have been few investigations into the relation between caffeine 

and short-term (5 5 min) high-intensity (à 90% V02max) exercise [38]. Aiso, somewhat 

of a dichotomy may be seen in the research examining caffeine's ergogenicity during 

short-term exercise. Most in vivo studies fail to support caffeine as an ergogenic aid 

during short-term exercise. However, the majority of in vitro studies clearly demonstrate 

a relationship between cseine and increases in performance [6 11. 

Severai studies have utilized an in vitro / in sit~c mode1 with isolated muscle 

preparations to establish a relationship between muscle force generation and fatigue, as 

well as to determine the interaction of caffeine with various muscle types. Much of this 

work has focused to date on caffeine's effects on calcium within the sarcoplasmic 



reticulurn. Macintosh and Gardner [62] found an increased release of Ca" by the 

sarcoplasrnic reticulum (SR). Others have found that with a concentration of 1 to 

2 prnol*~'~, caffeine lowers the excitability threshold and prolongs duration of the active 

penod of muscle contraction both by increasing the release of calcium by the SR and by 

inhibiting the uptake of calcium back into the SR [30]. Gulati et al. [63] and Sandow et 

al. [64] found caeine to increase twitch tension development in muscle. 

The majonty of studies that have examined caffeine's effect on S T H M  fail to 

support caffeine as an effective ergogenic aid. Greer et al. [65] had subjects perform four 

30s Wingate tests with 4 min of rest after treatment with either 6 mg-kg" of cdeine or 

placebo. Their data failed to demonstrate a difference between the treatment and control 

groups. Perkins and Williams [66] found no significant effects of caffeine on time to 

exhaustion dunng hi&-intensity exercise on a cycle ergometer. Ln a sirnilar study, 

Williams and colleagues found no improvements in time to fatigue, peak power, and total 

work [l Il. Collomp et al. [67] found that ingestion of a catreine dose of 5 mg*kg" did not 

increase peak power or total work in 6 subjects performing a 30s Wingate test. However, 

using a dose of 250 mg, the same investigators found a significant 7% improvement in 

the maximal power output that could be generated during a series of 6s sprints at varying 

force-velocity relationships [ 121. In attempting to measure indirectly the eEeas that 

caEeine rnay have on anaerobic capacity, researchen have used many dEerent tests in 

order to quant@ caEeine' s effect on STHIX. 

Recentiy, the maximal accumulated oxygen deficit test (MAOD) has gained 

populanty because it is both easily reproducible and non-invasive 1681. Using this test, 

both Doherty et ai. [69] and Jacobs et ai. [L8] found cafFeine to Uicrease MAOD with a 



dose of5 mg-kg-' and cycling intensities of 125% VOz max and 150% VOÎ max, 

respectively. Jackrnan and colleagues [70] gave subjects 6 mg-kg-' of caf5eine and had 

them cycle on an ergometer for 2 min, rest for 6 min, cycle for 2 min, rest for 6 min, and 

then cycle to exhaustion. The subjects who ingested cafTeine expenenced a significant 

improvement (approximately 20%) in time to exhaustion. Wiles et al. [7 11 found 3000 

mg of caffeine to decrease performance times in a 1500111 run as well as sprint speeds 

following a second 1500m run at a constant speed. Using absolute cafTeine doses of 250 

mg7 Anselme [72] and co-workers had subjects perform a series of 6 cycle sprints with 

Smin in between. Results showed that caffeine led to a significant increase (7%) in 

maximal anaerobic power ( Wmax). Collomp et al. [73] exarnined the effects of an 

absolute dose of 250 mg of caffeine on cycle time to exhaustion at 100% VO2 max. Those 

receiving caffeine were able to cycle for nearly 30 seconds longer before reaching 

fatigue. 

2.1.7 Caffeine and Neurotransmitters 

Although the primary action of caEeine may be to block adenosine receptors, this 

leads to secondary effects on many neurotransmitters, including norepinephrine and 

dopamine [8]. These effects, in tum, Uinuence a large numbers of difTerent physioiogicai 

fitnctions. 

Although caffeine ingestion has been shown to increase cerebral concentrations of 

the neurotransrnitter serotonin (S) and of its precursors, 5-HT and tryptophan [74], 

cafieine has aiso been shown to decrease the availability of serotonin post-synapticdy 

[75]. This decrease, in tum, atfects centrai functions under serotoninergic influence, 

includmg sleep mechanisms, motor function, and cerebrai blood vessels. 



Whiie there is relatively Little research on caEeineYs eExt  on pendorphin, what 

evidence does exist invariably shows a definite increase in plasma pendorphin release 

with caffeine administration. Arnold et al. [76] examùied the effects of crineine on 

endorphin levels in rats.The infusion of caffeine (20 mgkg") via a chronic, indwehg 

intra-atrial cannula resulted in a prompt and sustained rise in plasma pendorphin levels. 

Also using rats, Khalil and associates [77] found a significant increase in cortex ,& 

endorp hin levels with intraperitoneaily administered caEeine ( 10 mg* kg"). 

To determine whether caEeine stimulated Pendorphin release in pretem infants 

with apnea, 27 infants were treated orally with caEeine (10 mg-kg). Blood samples taken 

3Omin d e r  caf5eine administration revealed a sig~ficant increase in plasma Pendorphin 

concentration [56]. 

Although there is considerable controversy regarding the precise role of the 

endogenous opioid peptide Pendorphin in modulating pain perception. there is little 

question that it can elicit anaigesia. Administration of pendorphin into cerebrospinal 

fluid (CSF) or brain sites causes long lasting analgesia in man and rats [76]. 

Since caffeine increases Pendorphin release [68], it is not surprishg that many 

analgesic medications contain caEeine [76]. 

Researchers in the exercise sciences have recently increased their focus on the 

possible relationship between pendorphin and exercise performance. It has been 

demonstrated that exercise-associated increases in pendorphin levels are associated with 

changes in mood states and pain perception [78]. This hding made it possible to assign 

well-known sports-related phenornena, such as exercise induced analgesia and euphoria 

("runner's high"), to a biochernical substrate. In light of this finding., It is speculated tbat 



a potential mechankm of action for C+E, one that has not yet been investigated, may be 

related to a 'dulling' of the perception of fatigue as a result of a caffeine-induced increase 

in Pendorphin levels. 

2.2 Ephedrine 

2.2.1 History 

Ephednne hydrochloride is fast becoming one of the most used (and abused) 

dmgs in sport and exercise today [23]. This CNS stimulant is available over the counter 

without a prescription. The emergence of ephednne hydrochloride as potential dmg of 

abuse dates back to the early 1970s. coincident with the controls placed on amphetamines 

by the Controlled Substance Act of 1970 in the United States [79]. To circumvent the 

intent of this act, 'look-alike' stimulants were formulated and marketed and were referred 

to, respectively, as black beauties, white crosses, and Christmas trees [go]. While vanous 

kinds of ingredients were to be found in such 'legal' stimulants, ephednne invariably was 

the main component [ I l .  

Ephedrine has been used in the past to treat Stokes-Adams attacks. It was also 

given as a CNS stimulant in cases of narcolepsy and for depressive States. Alternative 

modes for treating for such conditions have since been developed. In addition, the use of 

ephednne as a bronchodilator for asthma patients has become much less extensive with 

the developrnent of selective PZ-agonists. Ephedrine has also been used to treat 

hypotension that sometimes occurs with spinal anesthesia [l]. Perhaps the most cornmon 

modem day clinical application of ephedrine, one that is usuaiiy in the form of pseudo- 

e p h e d ~ e ,  is that of a sinus decongestant. Recently, a great deal of evidence has amassed 

supporting the use of ephedrine as an effective treatment for obesity. Research has show 



e p h e d ~ e  to increase energy expenditure and Lipolysis and to decrease appetite [8 11. 

As of 1997, the United States Food and Drug Administration (üSFDA) has 

collected over 125 dietary supplements labeled as containing a known source of 

ephedrine alkaloids [ I l .  These products, usually in the fom of piUs, capsules, powders, 

and liquids, often include caffeine and are marketed as "fat-bumers" or &energ- 

boosters". 

Ephedrine is a substance banned by the International Olympic Cornmittee IOC 

and most other international athletic goveming bodies. Many athietes who have tested 

positive for ephedrine use have been suspended or expelled from international 

cornpetition. Among these are Rick DeMont (Swirnming, 1972), Juan De La Cruz (Track 

and Field, 1983), Diego Maradonna (Soccer, 1994), and Silken Laurnman (Rowing, 

1995) [l]. 

2.2.2 Chemistry 

Ephednne is a sympathornimetic amine. P-Phenylethylamine is generaily 

considered the parent compound of most sympathornimetic amines, including ephedrine. 

Consisting of a benzene rkg and an ethylamine side chah, ephedrine differs from other 

sympathornimetic amines owing to the presence of a hydroxyl group in the j3 position and 

a methyl substitution on the terminal amino group [82]. The substitution of the hydroxyl 

group on the Il-carbon decreases lipid solubility, thereby decreasing both penetration into 

the brain and central stimulatory effects [82]. Only I-ephedrine and racernic e p h e d ~ e  are 

used cliicaily. 

2.2.3 Pharmacokinetics 

Ephedrine is available cliically in a parenteral formulation for subcutaneous, 



intramuscular, or slow intravenous administration. The drug is also available for clinical 

use in over the counter oral and nasal formulations for colds and allergies [l]. 

The clinical effects of ephedrine appear as early as 30min after ingestion and can 

last up t03 h. Time released oral and nasal decongestants can produce a cfinical effect for 

12 to 16h. Ephednne is rapidly absorbed and produces peak blood levels in 1 to 2h. 

Although some ephedrine is metabolized in the liver, most is excreted unchanged in the 

urine. The half-life of ephedrine is 3 to 6h. Typicd clinical dosages of ephednne range 

fiom 15 to 75 mg [83]. 

2.2.4 Mechanism of Action 

Ephedrine exerts its effect indirectly on the CNS by displacing norepinephrine 

and other monoamine transmitters from storage sites [84]. The dmg stimulates heart rate, 

cardiac output, and peripheral resistance. As a result, ephedrine increases blood pressure. 

Additionally, direct effects occur on both a and P-receptors [82]. Stimulation of the a- 

adrenergic receptors is responsible for nasal decongestion and for increasing the 

resistance to urine outflow (clinically applicable for incontinence). Activation of P- 

adrenergic receptors in the lungs promotes bronchodilation as well as thermogenesis, 

leading to fat loss in animais and obese humans [8 11. 

Pseudoephednne, a comrnoniy used ephedrine aikaioid, is fess potent than 

ephedrine both in its bronchodilatocy and vasopressor effects. It produces about one-haif 

the bronchodilation and one quarter of the vasopressor effects of ephedrine [85]. 

2.2.5 Adverse Effects 

While most of the recorded side effects in the fiterature refer to pseudoephedrine 

use, it should be noted that ephedrine is fiir more potent. In fact, when compared to 



pseudoephedrine, ephedrine has twice the half-iife and bronchodilation effect and, in 

addition, produces three tirnes greater vasopression [86]. Use of ephedrine has been 

reported to interfere with the regulation of serum potassium levels and thus may 

predispose certain individuals to cardiac arrhythmia, myocardiai ischemia, and infarction 

[85]. Severai studies showing the effects on blood pressure of ephedrine use have 

indicated that individuals with hypertension may be at greater risk of blood pressure 

elevations with use of the drug [87]. Adverse events associated with ephednne-containiog 

dietary supplements range from the clinically serious (such as chest pain. heart attack, 

stroke, hypertension, seinire, coma, psychosis, and death) to the less severe (nervousness. 

dizziness, tremor, minor aiterations in blood pressure, headache, and gastrointestinal 

distress). 

2.2.6 Ephedrine and Exercise Performance 

There is very limited information on the effects of ephedrine on exercise. Using 

the ephedrine alkdoid, pseudoephedrine. Sidney and Lefcoe [14] had 2 1 subjects ingest 

either 24 mg of ephedrine or a placebo. Subjects were assessed for strength, endurance, 

power, VOtmax, reaction time, hand-eye coordination, anaerobic capacity, cardio- 

respiratory endurance, perceived exertion, and recovery tirne. The results indicated that 

pseudoephednne had no efFect on any of the performance variables measured. 

Gilles et al. [15] measured whether a single dose of 120 mg pseudoephedrine 

ingested 120min before 1 h of high intensity exercise influences performance. They failed 

to find an increase in isometric strength performance or a 40 km t h e  trial on a cycle 

ergorneter. 

Twenty male cyclists (> 50 mi-wk*') were treated with either 1 mgkg-' or 



2 mgkg*' dose of pseudoephedrine. The researchers failed to find a significant change in 

rating of perceived exertion (RPE), tirne to exhaustion, or V02rnax [88]. 

2.3 Caffeine and Ephedrine 

2.3.1 History 

The combination of caffeine and ephedrine has become one of the most popuiar 

performance cocktails in competitive sport and recreationai exercise today [l]. The 

combining of cafEeine and ephedrine is based on the speculation that cafEeine induces a 

'permissive' action of ephedrine, both lowering the threshold concentration reguired for 

physiological eRects and potentiating the physiological effects of a given ephedrine 

concentration [8 1, 891. 

It is postulated that the synergistic pharmacological efFects of combining cafTeine 

and ephednne are attributed to an increase in CNS stimulation. Using rats trained to 

discriminate cafTeine, ephedrine, or a combination of caff'eine and ephedrine fiom saline 

in a two-lever dmg discrimination procedure, Young et ai. [90] reported that caEeine and 

ephedrine, in combination, mutually potentiated one another's stimulus effect and 

resulted in a two-fold l e h a r d  shift over either ephednne or caEeine aione in their 

respective dose-response curves. Vallerand et al. (1989) reported that the metabolic rate 

was significantly higher in resting shivering subjects after a combined caffeine and 

ephedrine treatment than with either catfeine or ephedrine alone. Similady, Astrup et al. 

[8 11 reported similar results for average daily energy expenditure over several weeks in a 

ciinical trial of combined caEeine and ephedrhe used to treat obese individuals. 

2.3.2 Caffeine and Ephedrine and Exercise Performance 

To date, every published study that has examined the effects of combinuig 



caffeine and ephedrine on exercise has been written by Jacobs and Beli of the Defense 

and C i d  lnstitute of Environmental Medicine in Toronto, Canada, 

The first C+E study to corne out of the DCIEM investigated the effects of acute 

ingestion of cafZeine (C), ephednne (E) and their combination (C+E) on time to 

exhaustion during high-intensity exercise. Using a repeated-measures, double blind 

design, eight male subjects exercised on a cycle ergometer at a power output that led to 

exhaustion after about 12.6 min during a placebo (P) control trial. They did this 1.91 after 

ingesting either C (5 mg-kg-'), E (1 mg-kg''), C+E, or P. The combination of C+E 

significantly prolonged exercise time to exhaustion as cornpared to P, while neither C nor 

E treatments alone significantly changed tirne to exha'istion [ 1 61. 

The next study was undertaken to investigate whether this enhancement would 

occur in a field setting, and if dmg ingestion on Id would affect performance Id later. 

Two hours &er ingesting either a combination of 375 mg of C and 75 mg E (C+E) or a 

placebo (P), 9 heaithy male recreational runners completed six baianced and double-blind 

trÎals of the Canadian Forces Wamor Test (WT), a 3.2 km run wearing "fighting order" 

which weighed approximately 1 1 kg. The trials were performed in sets of two runs, 

conducted 24h apart. These sets were separated by a minimum of 7d. The sets were: C+E 

trial on day 1 @ 1), placebo on day 2 (PZ); placebo first (P 1), C+E second (D2); and 

placebo first (P3), placebo second (P4). The two C+E trial run times were sirnilar and 

both were significantly faster than control and al1 placebo trials. WT performance was not 

irnpaired by C+E ingestion 24h earlier. The authors concluded that performance of the 

WT was improved by ingestion of C+E [17]. 

In order to assess the effects of C+E ingestion on thermal regulation during 



exercise in the heat, Bell et al. [91] had ten healthy male subjects exercise at 50% 

V02peak in a 40" C and 30% RH environment until rectal temperature reached 39.3"C or 

until they were thennally exhausted. Subjects performed four trials including a 

familiarization (F), control (C), placebo (P), and drug trial during which they ingested 

C+E (5 mgkg-' and 1 rng*kg-' respectively). Tolerance times were similar for the P and 

C+E trials and both trials were significantly longer than the F and C triais Although the 

metabolic rate was slightly increased with C+E treatment, it was sufficiently offset by 

increased heat ioss mechanisms so that intemal body temperature was not increased 

dunng moderate exercise in a hot. dry environment. 

Bell et ai. [16] had 24 subjects perfonn a maximum accumulated oxygen deficit 

test (MAOD), during which subjects cycled on an ergorneter at 125% V02max to 

exhaustion. Ninety min pior  to the test, the subjects ingested either C (5 mg*kg"). E 

( 1  mg*kg"). a combination of C+E. or P. The results failed to reveal a significant increase 

in MAOD. 

From the limited number of C+E exercise studies preformed to date, it is known 

that the ingestion of C+E at approximately 4 mg-kg-l of C and 0.8 mgkg" of E can lead 

to an increase in both prolonged and high-intensity aerobic activity but not in high- 

intensity short-term exercise. To date, no one has examined the effects of C+E on 

muscular strength and endurance. Therefore, the authors intend to examine the acute 

effects of C+E ingestion on muscular endurance. 



Chapter 3 
Study Objectives and Hypotheses 

3.1 Objectives 

While the efficacy as an ergogenic aid of caEeine combined with ephedrine is 

well supported for prolonged bouts of exercise greater than 20min [16, 171, no research 

has been performed which examines the effects C+E has on short, high intensity exercise, 

such as resistance training. Furthemore, the documented ergogenic effects of C+E on 

aerobic exercise are the result of mechanisrns that as yet are unknown. Bell et ai. [17] 

have hypothesized that the central fatigue system may be involved and that C+E may 

influence the system by aitering the production of various neurotransmitters. 

Thus, the objectives of the present study were: 

1. to examine the effects of C+E on muscular endurance 

2. to determine the effects that C+E have on the neurotransmitter P- 

endorp hin 

3.2 Hypotheses 

The hypotheses tested in this study are as follows: 

3. C+E will sigiuficantly increase muscular endurance 

4. C+E will cause an increase in plasma fl-endorphin levels 



Chapter 4 
Materials and Methods 

This study was performed at the Defence and Civil hstitute of Environmental 

Medicine (DCIEM) from November 1998 to June 1999. The study was approved by the 

Lnstitutional Ethics cornmittees both of the DCIEM and of the University of Toronto. The 

approved experimental protocol and et hics cornmittee letter of approvai are attached in 

the Appendices. 

4.1 Subjects 

Volunteer subjects consisted of civilian and military personnel fiom DCIEM, 

students from universities and high schools, as well as rnembers of local fitness clubs. 

Thirteen healthy, moderately active, male subjects, 18-34y of age, and familiar 

with weight training participated in this study. The mean height and weight of the 

subjects were 176 cm and 72 kg, respectively. It was decided beforehand not to include 

female subjeas because the effects of a combination of catreine and ephedrine on a fetus 

are unknown, and it was felt that the inadvertent exposure of a fetus to these dmgs 

constituted an unacceptable and avoidable nsk. 

On the first visit, the experimentai protocol was explained to each subject. Before 

completing and signing an 'informed consent' form and an 'invasive procedures consent' 

fom, subjects were given the opportunity to ask questions about the protocol, as weli as 

about any potential risks relating to the study. Subjects were also required to complete a 

medical screening questionnaire and were examined by a DCIEM physician to assure 

their suitability to participate in the study. They were also required to abaain from 

consuming cofEee, alcohol and any other stimulative substances for 48h before each triai 



for the duration of the study. In addition, they were instmcted to maintain their normal 

exercise regime, but to avoid any hard exercise 24h pnor to each visit. AU subjects were 

non-smokers. 

4.2 Experimental Protocol 

The experiment consisted of nine visits. In the fint session, medicd screening 

was followed by a one-repetition maximum (1 RM) assessrnent for both leg press and 

bench press. The second and third sessions were familiarization t d s  during which the 

subjects would become familiar with the equipment, schedule, and catheter. Sessions four 

through eight were the treatment trials and session nine was a re-assessrnent of the 

subjects' 1RM. Testing was perfomed on a Smith Machine bench press (Atlantis, ASE- 

155) and a plate loaded 45-degree angle leg press (Atlantis, ASC-10 1). The leg press seat 

height, headrest position, and range of motion (marked using small mbber hose 

segments) were measured dunng the fira session for each subjea and were kept at the 

same measurements t hroughout the study. 

4.2.1 Session 1 

Subjects amived at the DCIEM and were briefed on the details of the study. M e r  

the subjects had sufficient time to read and sign the consent forms, they underwent a 

medical screening that included a resting 12-lead electrocardiogram evaluation. 

Following approval of medical fitness to participate by a DCIEM physician, the subject 

was familiarized with the strength training equipment. 

One repetition maximum (IRM) refers to the force that a muscle or muscle group 

can exert against a resistance in one maximal effort [92]. Due to a multitude of factors, 

mainly related to safety, it was decided that we would assess the subjects' s~ORM (the 



amount of weight Lifted for a maximum of ten repetitions) and extrapolate the findings to 

reach the correspondhg 1RM. Determination of 1-RM for upper and lower body was 

assessed using a smith machine bench press and plate loaded leg press, respectively (see 

Appendk 1). Before the subject began, they were asked to place themselves in the "lifting 

position" for both exercises. This allowed the researchers to properly determine the 

proper bench position (bench press), head rest, back rest, and range of motion (leg press) 

that would best suit the subjea. Range of motion on bench press was measured as having 

the subject lower the bar to their chest (without bouncing it offtheir chest) then pressing 

it up until they have reached full elbow flexion. Range of motion on leg press was 

measured as a subjects going from 90'- angle knee flexion followed by full knee 

extension. In order to insure that the range of motion was consistent for each subject in 

each trial, srnaIl rubber hose segment were placed dong the leg press tracks (upon which 

the plate loaded platform slid up and d o m )  to mark the bottom of the range of motion. 

M e r  a light warm up of 10 repetitions at one-third bodyweight for bench press 

and an arnount equal to the subject's body weight for leg press, the test began. The 

s~ORM was detennined through the trial and error method. If an attempt was made with 

relative ease. 2540% more weight was added to the resistance. The two exercises were 

performed without any rest time between thern, as subjects received a 2rnin rest period 

between supersets. Repetitions for each 1 8  were done using a continuai cadence (i.e. no 

pause at the end of each repetition). Once the subject performed a set with a weight with 

which they could do no more than ten repetitions, the weight used and number of 

repetitions performed were extrapolated to a IRM using a 1RM table (see Appendk G) 



There were two key factors in the decision to use resistance machines over free 

weight equipment. Free-weights are iduenced by a motor learning factor (i-e., baiance 

and coordination), which is far Iess critical with machines. Furthemore, given the 

rigidity of a resistance machine's range of motion (ROM), there is less of a chance for 

injury than there is with fiee-weight equipment . 

Bench press and leg presses were selected as exercises to represent upper and 

lower body respectively, due to the large muscle mass each exercise recniits. Bench press 

utilizes the pectoralis muscles as well as the shoulder and triceps muscles. Leg press 

demands the contraction of most of the muscles in the lower body, including the 

quadriceps, gluteus. and hamstring muscles. 

4.2.2 Session 2 

Approximately one week after session 1, the subjects underwent the first of two 

familiarization triais. Using the data h m  the subjects' 1 RM test, 70% and 80% of I RM 

for bench press and leg press, respectively, were calculated. These numbers were selected 

based on previous studies, which found that the IORM are performed somewhere 

between 60 and 80 percent of the I RM [94]. Furthemore, Our pilot study found that 

subjects were able to do more repetitions at a given percentage of 1RM with the lower 

body than with the upper body. Therefore, subjects performed leg press with 80% of 

IRM and bench press with 70% 1 RM. 

The subjects reponed to the lab in the moming in a fasted but weU hydrated state. 

They were given a standardized meal of two starch s e ~ n g s  and a 357 mL bottle of h i t  

juice. Starch choices included white toast, mufnns, or bagels. Approximately 30min d e r  

consuming the meal, the subject began to warm-up. The warm up consisted of one 



superset (the execution of two exercises in succession without a rest) between leg and 

bench press at 40% IRM and 35% lRM, respectively. M e r  2min rest the subjects began 

the actual work set (WS). The WS consisted of three supersets, with each superset 

consisting of leg press followed by bench press, with two mg-kg of rest between each set. 

The leg press had a resistance equal to 80% of IRM and the bench press 70% of IRM. 

Each set was done using a constant cadence, fuU range of motion (ROM) (measured with 

nibber hose segments placed dong the tracks upon which weights slide), and was taken 

to muscular failure. 

4.2.3 Session 3 

Approxirnately one week after session 2. the subjects arrived at the DCIEM in a 

fasted state. Immediately after arriving, they received the same standardized meal given 

in session 1. Fifieen mg-kg a e r  the meal, and to familiarize them with the procedure, 

subjects who had not previously participated in expenrnents involving catheterization had 

a venous catheter inserted into a superficial forearm vein. A 5 L blood sarnple was taken 

to ensure subjects would not experience a vaso-vagal reflex. Mer- 

15 mi of sitting, blood pressure was taken foliowed by removal of the catheter. 

Immediately after, the subjects began to warm up and begin their WS as in session 2. 

4.2.4 Session 4-8 

Approxhnately one week following session 3, subjects began their treatment 

triais. Each of the five triais was done at the same time of the day and week with one 

week in between triais. These triais were identicai to session 3 except that the subjects 

hgested gelatin capsules immediately upon arriving at the DCIEM. The capsules 

contained one of the foilowing treatments: C (4.0 mg= kg-' bodyweight), E (0.8 mg-kg-'), 



C+E, or placebo (P) (Metamucil@). Of the five trials, two were placebos. The order of 

treatment trials was randornized among the subjects. The tirne course of events for these 

trials, using arrivai time as the reference time zero, was as foiiows: 

Time O (zero) - arrive and ingest treatment capsules 

Time 15 min - cornplete standardized breakfast 

Time 30 min - change into exercise clothing and insert venous catheter 

Time 65 min - begin seated rest period prior to blood sampling 

Tirne 85 min - blood sampling followed by blood pressure measurement 

Time 90 min - commence warm-up 

4.2.5 Session 9 

Session 9 was the same as session 2 with a re-assessment of the subject's 1-RM. 

This was done to ensure that any perfomance increases were not due to a training effect. 

4.3 Measurements 

4.3.1 Blood Pressure (BP) 

BP was measured 85min after ingesting the treatment, just before the catheter 

was removed and the subject began to exercise. Measurements were taken manually with 

a sphygmomanometer and with the subject sitting on a chair. The right arm was used for 

al1 measurements. 

4.3.2 One-Repetition Maximum (1-RM) 

This refers to the maximai resistance that can be Med for one repetition. 

Interpolating the results fiam the subjects' 10-RM using a 1-RM chart [94](see appendk 

F) attained the 1-RM. 



4.3.3 Ten-Repetition Maximum (10-RM) 

This refers to the maximal resistance that can be lifled for ten repetitions. 

4.3.4 %-Fatigue 

This refers to a measurement of recovery between sets and the effect of a set or 

sets on future sets. It is calculated by dividing the number of repetitions in one set by 

those in a previous set then multiplying by 100. 

(Le. %-Fatigue&-mi = [set 2 1 set Il  x 100) 

4.4 Biochemical Assays for Metabolite, Catecholamine, and P- 
endorpbins 

4.4.1 Blood Sampling and Collection 

Blood was drawn through a Teflon catheter @essert Medical Inc., Sandy, UT) 

inserted into an antecubital vein. The catheter was kept patent with a heparin lock 

(0.25 mL of heparin (1 0 units-ml")). Venous blood samples (10 mL) were collected in 2 

vacutainer tubes (one for the determination of catecholamines and caffeine and ephedrine 

metabolites; the other for P-endorphins). These tubes were immediately centrifuged at 

10" C for 1 Smin. M e r  the centfige, the plasma component of the samples was 

separated, placed in ciean 5 mL polystyrene tubes, and stored at -70" C until the sarnples 

were analyzed. 

The plasma samples were assayed for norepineph~e, epinep hrine, e p h e d ~ e ,  

caffeine, and P-endorphin (See Appendix D) 



4.5 Data Analyses 

4.5.1 Analysis of Variance (ANOVA) 

Al1 ANOVAs were perfonned using statistical s o h a r e  Super ANOVA vl. 11, 

(Abacus Concepts Inc., Berkeley California or SAS@, Version 5, 199 1 by SAS Institute 

Inc. Cary, NC, U. S.A) on a Macintosh personal computer. 

A two-factor repeated measures analysis of variance (AN was used to determine the 

significance of total work done (repetitions x resistance) among the treatment trials. 

45.2 Power Analysis 

An a prion statistical power anaiysis for number of repetitions was performed. 

Pnor to the study, it was decided that a definite drug effect would have to be at leaa 

equivalent to the effects of 6 weeks of strength training. According to the literature, this 

number is an increase of approximately 30% in repetitions performed [8 1,821. An 

estimation of the required number of subjects to achieve a power of 0.8 was carried out 

fcllowing power calculations. The required number of subjects for the power of 0.8 was * 

12 subjeas. 



Chapter 5 
Resul ts 

5.1 Plasma Caffeine and Ephedrine Concentrations 

Blood samples for plasma cafTeine and ephednne measurements were taken just before 

exercise, 90 min after ingestion of the treatment (Figure 1). Catfeine values were almost identical 

both for C (6848-t n g d l )  and for C+E (6594+ ngmL"). SirniMy, plasma ephedrine levels 

were very close both for E (301f ngml") and for C+E (295+ ng*rnl-l) treatments. No caffeine or 

ep hedrine was detectable dunng the placebo trials. 

Caffeine 

e 

Treatment 

Ephedrine 

Treatment 

Figure 1: The effect of CaiTeine (C), Ephedrine (E), and C + E (CE) on plasma levels of either 
caffeine o r  ephedrine. [Shown are the results of one-way repeated measure ANOVA (rectangular 
box) and Newman-Keuis pst-hoc cornparison (** p<O.O 1 vs. placebo). Data are means * SE: n = 
13.1 



5.2 Order Effect 

No significant order effect was found for exercise to exhaustions among days for total 

upper and lower body. (Figure 2). 

1 2 3 4 5 

Trial 

Figure 2: Order Effect - Combined upper and lower 
body. Data are rneans * S.E.; n =l3 .  



5.3. Lower and Upper Body Muscular Endurance 

The mean number (ÇSD) of repetitions for leg press was significantly (p<O.OS) higher 

d e r  both the C+E (19.8k7.3) and E (17.4rt6.2) treatrnents compared to both C (14.326.4) and P 

(14.1k4.8) in the first set only (Figure 3). Similarly, both C+E (14.3 S. 1) and E (13 -3i2.9) led 

to sigiuficantly higher repetitions with bench press when compared to C (12.4327) and P 

(12 .7 s .  1) (Figure 4). Total weight lified during aii three sets for both leg press and bench press 

was not significantly changed by any of the treatments compared to P. 

Dmg: p<O.OS 

Set: p<O.OO 1 

Set 1 Set 2 Set 3 

Figure 3. nie effect of CaReine (C), Ephedrine (E), and C + E on Upper Body 
Muscular Endurance. [Shown are the results of 2-way repeated measures ANOVA 
(rectangular box) and Newman-Keuls post-hoc cornparison (** p<0.01). Data are mean 9 
SD; n = 131. 



Dmg: p < 0.05 
Set: p < 0.001 
DXS: p < 0.001 

Set 1 

Placebo 1 
Placebo 2 
CafTeine 
Ephedrine 
Caffeine & 

Set 2 Set 3 

Figure 4. The Effect of Caffeine (C), Ephedrine (E), and C + E on Lower Body 
Muscuiar Endurance. [Shown are the results of 2-way repeated rneasures ANOVA 
(rectangular box) and Newman-Keuls post-hoc cornparison (** p<O.O 1). Data are mean * 
SD;n= 131. 



5.4. Lower and Upper Body Muscular % Fatigue 

There was a significant main effect for % fatigue between set 1 and set 3 (WO-OOl) ,  set 2 

and set 3 (PC0.00 l), but not between set 1 and set 2 (PXl.05) for upper body. The % fatigue 

between set 1 and set 3 was significantly different in C+E or E versus placebo. Al1 the treatments 

proved to be significantly different versus placebo for % fatigue between set 2 and set 3 

1 Drug: P4.001 1 Drug: PW.05 

Placebo 1 

Placebo 2 

Cseine 

Ephednnc 
CaEeine & 
Ephedrine 

Figure 5. The EfTect of Caffeine (C), Ephedrine (E), and C + E on between set upper body 
O h  fatigue. [Shown are the results of one-way repeated measures ANOVA (rectangular box) 
and Newman-Keuls post-hoc cornparison (* p<0.05, ** pC0.0 1). Data are mean * SE; n = 131. 



There was no main effect of the drug on % fatigue between any of the sets for the lower 

body. 

Figure 6. The effect of Caffeine (C), Ephedrine (E), and C + E on between set 
lower body % fatigue. [Shown are the results of one-way RM ANOVA (rectangular 
box) and Newman-Keuls post-hoc cornpanson (* p<0.05, ** p<O.O 1). Data are mean + 
SE; n = 13.1. 



5.5 BIood Pressure 

Systolic blood pressure measured just pnor to exercise was increased with C+E (156k29) 

and E (150+-14) compared to C (141t16) and P (138+34). Diastolic blood pressure was not 

significantly dEerent among trials (Figure 7). One of the subjects displayed an abnormdy high 

hypertensive response to cafEeine and ephedrine. The subjea. a hedthy, normo-tensive 2 lyr old. 

had a resting blood pressure of 2 12/109 90min. after ingesting cafeine and ephedrine. M e r  

consulting with DCIEM medical staff, the researchers waited (approx. 1 Ornin) until the subject's 

blood pressure dropped slightly and continued with the triai under the s u p e ~ s i o n  of a physician. 

Figure 7: The Hect  of Caffeine (C), Ephedrine (E), and C + E on systoiic and 
diastoiic blood pressura (Shown are the results of one-way repeated measures 
ANOVA (rectaogdar box) and Newman-Keuls pst-hoc cornparison (** pqO.0 1 
vs. placebo). Data are means * SE; n = 13 1. 



5.6 Pre-exercise Plasma p-Endorphin 

Ten of the thirteen subjects' samples were assayed for pre-exercise plasma P-endorphin. 

There was a sigdcant (p<0.01) increase with C+E (6.550) when compared to all other 

treatrnents (0.4s S), C (2 .4s.  1). and P (1.7e.9)] (Figure 8) 

Placebo Caffeine Ephedrine Caffeine & 
Ephedrine 

Figure 8: Resting concentratioas of plasma $-endorphin lh  post-ingestion of treatment drus  
[Shown are the resuits of one-way repeated measures ANOVA (rectanguiar box) and Newman- 
Keuis post-hoc cornparison (** p<O.O 1 vs. placebo). Data are means * SE; n = 131. 



5.7 Pre-exercise Plasma Epinephrine, Norepinephrine, and Dopamine 

Evaluations of plasma catecholamines (E, NE, DA) were done on sarnples drawn 90 min 

after ingesting and just pnor to exercise. There was no significant change in catecholamines with 

any of the treatments (Figure 9). 

Figure 9: The effect of Caffeine (C), EpinephrÎne (E), and C + E on plasma 
levels of norepinephrïne and epinephrine. [Shown are the effects of one-way 
repeated measures ANOVA (rectangular box) and Newman-Keuls post-hoc 
cornparison. (** pC0.0 1 vs. placebo). Data are means * SE; n = 131. 



Chapter 6 
Discussion 

6.1 Review of Objectives and Hypotheses 

The objectives of this study were to examine the effects, respectively, of cafEeine, 

of ephedrine, and of caffeine and ephednne combined, on upper and Iower body 

muscular endurance, and to determine whether these treatments have an effect on various 

neurotransmitters, specificdly P-endorphin. 

There were two hypotheses tested in this study. The first aated that C+E would 

sigm9ficantly increase muscular endurance, which would be demonstrated by more work 

being completed before exhaustion during the three supersets. This hypothesis was 

partially confirmed, as the results demonstrated an ergogenic effect for E and for C+E 

both for upper and lower body, but in the first set only. The second hypothesis was that 

C+E would cause an increase in plasma P-endorphin. Analysis of the plasma samples 

served to validate this. 

Given the previous findings nom Bell et al. [16], which estabiished cafFeine and 

ephedrine as an effective ergogenic aid both d u ~ g  high-intensity exhaustive exercise as 

well as prolonged endurance exercise, we thought that its efficacy in short-term, high- 

intensity exercise requiring local muscular endurance should be tested. 

6.2 Main Findings 

It was confirmed that C+E and E significantly increased both upper and lower 

body muscular endurance. Furthemore it was shown that C+E significantly increased 

plasma B-endorphin. These results contrast the negative findings of another C+E study at 

sirnilar intensity and duration [Ml. Using a cycle (and not weight machines), Bell et ai. 



[ 161, had 8 subjeas perforrn 45s Wingate tests. They found a significant increase in 

performance with C and not with E or C+E. 

While the possibility of skeletal muscle metabolism changes cannot be completely 

excluded, it is more plausible that the increase in muscular endurance with C+E was 

mediated by an increase in CNS stimulation and P-endorphin production, which may 

have masked some local muscular pain. These somehow postponed fatigue in the first set 

allowing the subjeas to perfon more repetitions before fatigue. However, it is difficult 

to explain why there was only a sigruficant increase in P-endorphin production with C+E 

while there was an increase in performance with both C+E and E. Recent evidence 

suggests that there may be local factors involved. A study using tetraplegics reported a 

significant increase in muscular endurance with cafEeine administration [95]. This could 

ody be the result of local, not central factors. Furthemore, there may be a number of 

other neurotransrnhers that could have had an effect on performance, but due to the 

relative infancy of central fatigue research, we cannot be sure. 

As mentioned previously, it is udikely that an increase in performance was due to 

metabolic factors. Due to the very nature (Le. duration and intensity) of the weight 

training circuit, the ATP-CP system is dominant and neither anaerobic-glycolysis nor 

aerobic metabolism are iimiting factors [19]. Therefore, the increase in performance was 

probably due to a number of &ors, both central and peripheral. 

Both lower and upper body experienced an increase in performance with C+E and 

E. However, the increase was more drarnatic in the lower body. The author specuiates 

that this is due to the larger muscle mass and greater number of muscles involved in the 

Ieg press compared to the bench press. The bench press uses oniy three major muscles 



(pectoralis major, deltoids, and triceps) whiie the Ieg press uses many more (and larger) 

muscles such as the gluteus muscles (three), the quadriceps muscles (four), the 

hamstrings (three), and many more as these muscles fatigue [96]. 

As a result of perfomiing more work in the first set with C+E compared to the 

other treatments, the subjects expenenced more fatigue and a Iesser ability to recover for 

the second and third sets (see figures 5.6). This phenornenon was present for both upper 

and lower body but was only significant for upper body. This may be due to the very 

large musculature of the lower body and its tendency to produce large amounts of lactic 

acid dunng exhaustive resistance exercise, afîecting the ability to perform many 

repetitions in future sets [97]. 

While C and E are considered relatively benign dmgs on their own, the US FDA 

has reported a number of adverse heaith effects, most of which were vascular in nature 

[85]. In light of this, the researchers decided to investigate the effects C+E have on blood 

pressure before suggesting these dmgs to Canadian Forces personnel. There was a 

signi6cant increase in systoiic blood pressure with C+E (156ir29) and E (15Ok14) 

compared to C (141t16) and P (138+14). This is consistent with Bel et al. [17] who 

found C+E to sigrilficantly increase systolic blood pressure (138+11) over C (126&10), E 

(132+10), and P (1 18t8) one hour a4er ingestion. Bordeleau et al. [98] also reported 

systolic values of for C+E (1 38+11) to be signîficantiy preater than those for P (1 18f8). 

The absence of any significant change in diastolic pressure with any of the 

treatments was in line with other studies [17,98]. 

Biochemical analysis reveaied pre-exercise, post-treatment ( ~ 9 0  min) plasma 

caffeine levels to be aimost identical for both C (6848.1 ngmL-') and C+E 



(6594.2 ngrn~*'). Sirnilarijr, plasma ephednne levels were almost identical for both E 

(301.3 ngmL1) and C+E (295.7 ng*mL") treatments. Thus, it appears that combining C 

with E has little influence on the rate of appearancddisappearance in plasma for the 

individual dmgs compared to ingesting cafFeine alone. No caffeine or ephedrine was 

detectable d u ~ g  the placebo trials. The mean plasma cafTeine levels of al1 previous C+E 

studies from Bell et al. [15-201 are very similar. 

Plasma was tùrther analyzed for epinephrine, norepinephrine, dopamine. and P- 
endorphin. Examination of the data revealed no significant change in any of the 

catecholamines. This diffen from the average plasma levels from previous C+E studies 

[ 1 5-20]. However, there was a significant (p<O.OO 1) increase in plasma P-endorphin with 

C+E (6.50+5.01 p m o l - ~ l )  over C ( 2 . 3 6 s .  10). E (0.42&3.46), P (1.67k2.87). This 

increase may be a factor in the ergogenic effect of C+E. P-endorphin has been implicated 

with positive mood changes. Furthemore, Berk et ai. [99] suggested that endorphins 

might provide analgesic against exercise-derived pain. Haier et al. [100] demonstrated 

that exercise significantly lengthened the time to the fira report of pain from a 1.4 kg 

force applied to the fingertip. Naloxone (a P-endorphin antagonist) administration 

completely blocked this exercise-induced analgesia. While many early studies failed to 

find a statistically significant physical relationship between central and peripheral P- 
endorphin levels [IO 11, more recent evidence [IO21 in which P-endorphin levels in 

cerebrospinal fluids were measured &er intravenous infusion of P-endorphin in humans. 

It should be noted that fl-endorphins are only a small component of a larger farnily of 

sirnilar molecules (enkaphalins) [65]. While B-endorphin was the only member of this 

family measured, it is entirely possible that other opioids may have been involved in the 

performance increase. 



Chapter 7 
Limitations, Conclusions, and Recommendations 

7.1 Limitations 

Several factors may have limited the validity or reliability of this study: 

While this study was designed as a double-biind study, it is almost impossible to 

make the subject blind to the physiological effects of the drug treatments in the trial and. 

as a result, the researcher is aware both of the subjects' behavior and blood pressure. This 

bas the potential of biasing the subject a d o r  the researcher. 

In exercising to failure, there is a large psychological component that differs 

between subjects. This component may impact upon variations in the 'failure point' both 

within and between subjects. This is perhaps most noticeable dunng the subjects' 1-RM 

assessments. 

The author, who is not an expenenced researcher, did the anaiysis of the blood 

plasma for cafFeine, ephedrine. catecholamines, and neurotransmitters. This may have 

caused the blood results to be slightly inaccurate. 

7.2 Conclusions 

The acute ingestion of either ephedrine alone, or in combination with caffeine, 

increases upper and lower body, high-intensity (70-80% 1-RM to exhaustion) muscular 

endurance, but only dunng the first bout of exercise involving multiple bouts. 

The increased B-endorphin levels caused by C+E treatment are consistent with an 

effect mediated by CNS neurotransmitters. 



7.3 Recommeadations for Future Study 

Directions for future shidy should include the following: 

The mechanism of action for the ergogenic effect of C+E combination is still not 

clear. Perhaps, similar studies should examine its eEect on central fatigue as well as any 

possible penpheral factors that may be  affected by C+E ingestion. The use of tetraplegics 

subjects would be a usefil tool in daerentiating central fiom peripheral eEects. Future 

studies should collea between-set plasma samples in order to measure both lactic acid 

and markers of acute exertional rhabdomyolysis. Such measures may shed some light on 

the ergogenic mechanism(s) and the extreme decline in subsequent performance with 

C+E. 

The effect of C+E on cognitive fûnction and mood nate should be funher 

investigated. These two areas are important, given that the military has considered using 

C+E in the field. More attention should be focused on al1 key neurotransmitters that may 

be involved in central fatigue, as well as on any other analgesic neurochernicals, such as 

P-endorphin, which may contribute to the delay of fatigue. 

Field studies will be important in determinhg whether C+E would actually help 

the military in the field, using variables that were purposely excluded in lab research. 
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Thesis Proposai 

Title: The Effect of Ingesting CaEeine, Ephednne, and their Combination 

on Repeated Strength Performance. 

Principal Lnvestigator: Mr. H. Pasternak 

Co-Investigators: Dr. 1. Jacobs, Mr. D.G. Bell 

Background: 

The search for safe and effective ergogenic (performance enhancing) aids has 

manifested itself in the arena of military operations. Due to the absence of doping tests 

and banned substances, the use of almoa any effective and reasonably safe type of 

pharmacological or nutritionai ergogenic aid is of interest to the military. 

Caf6eine is a well documented ergogenic aid. The ergogenic properties of cafTeine 

have been attributed to the stimulation of the central nervous system and/or increased 

energy metabolism in the periphery via adenosine receptor blockade, improved 

neuromuscular transmission, increased muscle contractility, and increased catecholarnine 

levels @odd et ai, 1993). Many studies have established that caffeine on its own can 

prolong the time to exhaustion in prolonged continuous activity (Costa et al., 1978; 

Graham and Spriet 199 1, 1995; Spiet et al.. 1992; Trice and Haymes, 1995). In contrast, 

very few studies have examined brief intense exercise (90- 100% V02 max) after caffeine 

ingestion, and the results are unequivocal. Studies ushg isolated muscle have 

consistently shown caEeine to enhance muscle force production, while the majonty of 

human studies have shown cafFeine to have no effect on short term, high intensity 

performance. Studies (Bond et al. 1986; Williams et al. 1987, 1988) have shown that 



cafFeine dces not increase force, EMG ahvity, muscular endurance, or peak muscular 

force production during maximal voluntary (Bond et al. 1986) on involuntary (Lopes et 

ai. 1983) electncal muscle stimulation. Most studies have aiso found that cafFeine has no 

effect on short-term incremental exercise @odd et al. 199 1; Gastin et al. 1990; Gaesser & 

Rich). However, studies fiom Flinn et al. (1990) and McNaughton et al. (1987) have 

shown efficacy with cafEeine in graded incrernental exercise. The lack of studies 

examining the effect of cafTeine on sprint performance has left scientists wondering if 

cdeine has any effect on explosive type activities. Williams et ai. (1988) reported that 

ca6eine had no effect on maximal power output or muscular endurance dunng short, 

maximal bouts of cycling. Similarly, Collomp et al. (1991) found that ingestion of 

Smg-kg of cafFeine did not increase peak power or total work completed. Most studies 

agree that the extent of improvement appears to be dose related until a dose of 5-6 rngokg* 

t , above which no further enhancement occurs (Graham and Spnet 1995; Passman et ai. 

1995). 

Ephednne is a sympathornimetic drug that is both an alpha and mdrenergic 

agonist. It can stimulate adrenergic receptors in the CNS and the peripheral tissues via the 

displacement of norepinephrine fiom the nerve ending binding sites to the extracellular 

tluid (Giilman et al, 1990). Very little has been done in the way of acute ephednne 

ingestion and exercise research. Before caffeine and ephedrine research at the DCIEM, 

the oniy two English studies that shad been done with ephedrine and exercise (Sidney and 

Lefcoe 1977; m e s  et al. 1996) failed to show any ergogenic effect f?om ephedrine or 

pseudoephedrine on various exercise parameters. However, most of the data coiiected 

fiom our previous research would indicate that ephedrine, in combination with c ~ e i n e ,  



has definite ergogenic eEects dunng exercise. Using Smgekg of cafEeine and Irngekg of 

ephedrine, Belie et al. (1995, 1996) found no ergogenic eiTect during 45s anaerobic 

windgate tests or d u ~ g  maximum oxygen accumulated oxygen tests (MAOD). However 

further studies revealed the ergogenic efficacy of cafFeine with ephedrine. Bell et ai. 

(1997) found enhanced Canadian Warrior Test times (3.2 km run performed in "fighting 

order dress") with the ingestion of 375mg of cafFeine and 75mg of ephedrine. 

Furthemore, Bell et al. (1 998a) found Smg-kg of cafEeine and 1 rngekg of ephedrine 

significantly prolonged cycle ergorneter exercise time to exhaustion at 85% VOz max. 

Recent, unpublished data (Bell et al, 1998b), has found that the optimal ergogenic dose 

ratio for caffeine and ephedrine is 4.0mg.kg and 0.8mg.kg respectively. Regardless of the 

previous the studies mentioned, aii showed that the ingestion of catfeine and ephedrine in 

combination (C+E) elicits a strong elevation in physiological and mental alertness, as 

well as increased blood sugars, FFA, glycerol. and catecholamines. Overail, the lack of 

studies with caeine, ephednne, and caEeine and ephedrine on strength has lefi many 

questions unanswered. 

Purpose: 

The purpose of this study to determine the acute effects of high dose caffeine and 

ephedrine ingestion on repetitive bouts of upper and lower body muscular strength. 



Hypothesis: 

It is hypothesized that the ingestion of caffeine and ephedrine will increase the 

total amount of weight Med each set and overaii. Therefore, caffeine and ephedrine will 

increase strength temporarily. 

Methods: 

Ten to fifteen male military and civilian volunteers, between 18 and 40 years of 

age, wiil be recniited from the DCIEM the university community, and various Toronto 

area health clubs. Participation in the experiment will be subject to medical approval. 

Subjects will be informed fùlly of the details, discomf'ons, and nsks associated with the 

experimental protocol and will have been granted medical approval before being asked 

for their written consent. The subject will be asked to refrain from heavy exercise for 24 

hours before each session and to refrain from alcohol and caffeine for 12 hours before 

each session. Subjects will not be tested if they are taking any medication. 

Erperimeatal Protocoi: 

Al1 subjects will undergo the foiiowing test protocol. 

(a) Session 1: Medicai screening and determination of one repetition maximum 

( M M )  using srnith machine bench press and 45 degree angle leg press. During the 

medical screening subjects will have electrocardiogram evaluation and a blood pressure 

check. Further, they WU provide any information regarding history of heart disease, 

fainting, or diuiness. Prior to testing for the subject's IRM, 15 repetitions at haif (bench 

press) or ail (leg press) the subjects' body weight wili be performed as a warm up. To 



estirnate the subjects' 1RM, they will perform their tint press (bench and leg) at a 

moderately heavy weight. Weight will continue to be added until the subject is unable to 

perform one repetition. 

(b) Session 2: A minimum of 1 week following session 1, the subjects will be 

familiarized to the exercise protocol, Le., the weight training circuit and the procedures 

leading up to it. Before arriving at the laboratory they will have had a normal breaast .  

After arriving at the laboratory, a small (5 ml) sample of blood will be taken from the 

cubital vein. Blood samples will later be analyzed for ephedrine, caffeine, 

catecholamines, and -endorphins (Nehlig et ai. 1 992). Following the blood analysis, the 

subject will be asked to fil1 out a physiological state survey on how they are feeling. M e r  

this, wann up for the weight training circuit (WTC) will commence. The wam up will 

consist of the subject performing 30% of their IRM of each of the exercises for two sets 

of 15 repetitions each. The WTC consists of three supersets of one upper body exercise 

(smith machine bench press) and one lower body exercise (leg press). Each set wiU be 

done to concentric muscle failure at 85% of 1-RM. Subjects will raise and lower the 

weights to the cadence of a merronome and wili exercise to a 1:3 work to test ratio 

(Harre, 1992). The work effort is designed to have subjects reach concentric muscle 

failure at approximately 8- 10 repetitions. This session will Iast approximately 90 min. 

(c) Session 3: A minimum of 1 week foflowing session 2, each of the subjects will 

participate in a second fàmiliarization trial. This trial will be exactly like session two. It is 

used to account for the learning effect that will occur fiom the second session and thus 

give us a control mn. 



(d) Sessions 4-8: These will be the treatment trials. A minimum of 1 week 

following session 3, each subject will participate in 5 further trials performed on a weekly 

bais at the same time of the day. These trials will be identical to the fdar iza t ion  

sessions (trial 2 and 3), except that the subjects will ingest gelatin capsules containing 

either the dmgs or placebo &er the first blood sarnple. The subjects wiil also reFrain from 

having b r e ~ a s t ,  as a standardize meal (toast, juice, muffin) will be given 0.5 hours after 

drug ingestion. The combinations for the dmgs are as follows: one trial will consist of 

4mgkg BW of caffeine; another will consist of 0.8mkg/kg ephedrine; another will consist 

of 4mgkg caffeine and 0.8rng-kg ephedrine (Bell et al, 199813). There will also be two 

placebo trials. The placebo trials will have the subjects ingest the same amount of 

capsules as in the drug trials. The placebo capsules will contain a dietary fiber 

(Metamucil). Treatment trials will be randomized. 

Data Analyses: 

A one factor repeated-measures Analysis of Variance (ANOVA) will be used to 

compare the total work done (repetitions x resistance) for the treatment trials. When a 

significant effect is found (p < O.OS), a means cornparison contrast technique will be 

employed to isolate ditfeences arnong treatment means. 

Safety Recommendations and Risks: 

Ail subjects will be screened by a physician pnor to the exercise trials. 

The incidence of myocardial infarction in the general population has been 

estimated at about 1 in 10000 with maximal exercise tests (Gibbons et al. 1989). The risk 



is even more remote considering the exercise performed in this study is more 

anaerobicdy based, thus, placing less stress on the heart. Furthermore, risk is also 

lessened due to the medical screening prior to the study. Emergency resuscitation 

equipment wilI be on hand at the locale and the investigators and technicians are trained 

md certified in cardiopulmonary resuscitation. Subjects may experience some stiffiiess in 

their legs, m s ,  and chest for one to two days after the expenment due to the intensity of 

the weight training. 

There is a isk of nausea and vorniting when hard exercise is performed after 

ingesting cafGeine and ephedrine. This risk should be reduced greatly due to the 

dserences which exist between the weight training exercise used in this study and the 

more intense supramaximal cycle tests used in the previous studies which reported nausea 

and vorniting. Other side effects may include nervousness, insornnia, amiety, and 

wakefùlness. These side effects should dissipate within 24 hours. If any undue discornfort 

or side effects of ingestion are reported by the subject before or during exercise, the trial 

will be discontinued. 

With intravenous catheterization, compücations may include infection of the 

wound site and leaking of blood into the surrounding tissue (bruising). The possibilities 

exist, although extremely rare, that a broken piece of the apparatus or a bolus of air (in 

excess of 50 mL) could get into the circulation. Occasiondy, fainting due to the nervous 

reflexes may occur during the catheterization. The catheter will be removed by the 

physician/technician foIiowing the end of the test with ail precautions taken to prevent 

bruising at the wound site. 



Medical Officer Requirements: 

A medical officer will be required to perform the medical screenings before the 

experimental sessions begin. The presence of a medical officer in the exercise physiology 

Iaboratory will not be required dunng the actual expenment. His presence within the 

building is al1 that is necessary. Al1 experirnents will be conducted during regular 

working hours. Mr. Pasternak will inform the "covering" physician in advance of the 

experimental schedule, and will ensure that the medical officer is in the building before 

commencing t hese test S. 

Approximate Time Involvement: 

Ail sessions, with the exception of session # I V  will require approximately 90 min. 

Due to the medical screening, session #1 will last closer to 2 hours. 

Extra Equipment Need: 

There will be a need for renting or borrowing the following equipment: 

45 degree angle - plate Ioaded leg press. 

Barbe1 Smith Machine 

20 4 5  Ib. plates 

2 -25 Ib. plates 

2 -10 lb. Plates 

The equipment requested above was chosen based on the foilowing criteria: 

Safeîy 

Very linle need for technique training, therefore, less of a leamhg curve. 



Remuneration of Subjects: 

Subjects are entitled to a stress allowance for DND expenments as outlined in 

Memorandum 7200-2 P S D )  December 1992. 

Benefits of Study: 

C+E has been demonstrated to be an effective ergogenic aid in exhaustive aerobic 

exercise. Furthemore, testimonial and anecdotal evidence suggests C+E may have a 

potent effect on strength training. However, there is an absence of research based 

evidence proving or disproving these claims. [f the data collected in this study supports 

the efficacy of C+E on strength training, it may be a valuable tao1 for various military 

operations. 
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~niversity of Toronto 

OFFICE OF RESEARCH SERVICES 

PROTOCOL REFERENCE M236 

Dr. 1, Jacobs 
Chief Scientist 
DCIEM 
1 133 Sheppard Ave. W. 
PO Box 2000 
North York, ON 
M3M 3B9 

Dear Dr. Jacobs: 

Re: Your research protocol entitled "Enects of Ingesting CafTeine, Ephedrine, and C+E on Tests 
of Muscle Stnngth and Muscular Endurance" by Dr. 1. Jacobs 

We are writing to advise you that a Review Cornmittee composed of Professors J. Goodman, 
3. Furedy, T. McLellan and Dr. R Ogilvie has granted approvd to this revised protocol. 

The approved revised consent form (Nov. 15,1999) is attached. Subjects should receive a 
copy of âheir consent form. 

During the course of the research, any significant deviations firom the approved protocol 
(that is, any deviation which would lead to  an increase in risk or a decresse in benefit to 
human subjects) andor any unanticipated developments within the research should be + 

brought to the attention of the Office of Research SeMces. 

Best wishes f o d e  suc :cessfid completion of your project. 

' ?  

Simcoe Ha 27 King's College Cnde Toronto km-O MSS 1Al Telephone 416/ 946-5606 Fax 4161 946-5765 
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CONSENT FORMS 

(1) Volunteer Consent Form 

Project Title: The Effect of Lngesting Caffeine, Ephednne, and their Combination on 

repeated strength performance. 

Principal Investigator: Mr. H. Pasternak 
Co-Investigators: Dr. 1. Jacobs, Mr. D.G. Bell. 

(name, address, phone no.) 
hereby volunteer to participate as a test subject in the DCIEM expenment on the 
influence of catTeine and ephedrine ingestion on exercise performance (Protocol #L- 197). 
I have had the opportunity to study and discuss the attached protocol with the investigator 
and physician and 1 have been informed to my satisfaction about the possible discornforts 
associated with these tests. 1 agree not to perform heavy physicai exercise for 24 hours 
before each test and not to consume alcohol or cafEeine for 12 hours before each test. 

2.1 am aware that my ten-repetition maximum will be measured by increasing the 
resistance on the bench press and leg press exercises until only ten repetitions can be 
completed. 

3. I understand that there will be eight exercise sessions: a IO-RM session, 2 
familiarization sessions to the weight training circuit, and 5 treatment sessions. 1 am 
aware that all weight training sets will go to exhaustion. 

4. [ understand that a needle will be inserted to my cubital vein and a sample of blood 
will be taken pnor to each of the sessions 

5.1 have been told that the principal risks of this experiment involves emesis 
or vomiting associated with dmg ingestion and exercise. 1 understand and accept these 
risks. 1 have aiso been informed about remote myocardial Uifarction risk and possible 
muscle teadpuil associated with this study and consider this risk acceptable. In addition, 1 
understand that this experiment may involve risks that are presently unforeseen and that I 
may be exposed to these risks. 1 accept this possîbility. 

6. I hereby consent to the medical screening assessrnent outlined in the protocol 
and agree to provide responses to questions that are to the best ofmy knowledge tnithfùl 
and cornpiete. Furthemore, 1 agree to advise the investigators of any health status 



changes since my initial assessrnent (hcludhg but not lirnited to viral Unesses, new 
prescription or lover-the-counter' medications, o r  any other dmg ingestion). I have been 
advised that the medical information 1 reveal and the experirnental data concerning me 
wiii be treated as confidentid and not revealed to anyone other than the investigators 
without my consent except as data unidentified as to source. 1 am aware that a physician 
will be on-cal1 in DCIEM d u ~ g  all sessions. 

7. 1 am aware that 1 must not donate blood within 30 days of any part of this 
experiment. I am aiso aware of the requirement to sign a separate consent form for 
invasive medical procedures. In the highly unlikely event that I becorne incapacitated 
during rny participation, 1 hereby consent to whatever ernergency rnedical intervention 
deemed necessary by the attending medical personnel. I also agree that I will go with the 
investigator to seek emergency medical attention if either 1 or the investigator considers 
that it is required. 

8. 1 acknowledge that 1 read this fonn and I understand that my consent is 
voluntary and has been given under circumstances in which I can exercise free power of 
choice. 1 have been informed that 1 may, at any time, revoke my consent and withdraw 
fiom the experiment, and that the investigators or the physician may terminate my 
involvement in the experirnent, regardless of my wishes. 

Signature 

Print Name 

Witness Date 

Subject fit to participate as assessed by Physician 

For d i ta ry  personnel on Permanent strength at CFEME: 
Approval in pnnciple by Commanding Officer is given in Memorandum 3700-1 (CO 
C M ) ,  18 Aug 94; however, rnembers must dl1 obtain their Sector head's signature 
designating approval to participate in this particular experiment. CF personnel are 
considered to be on duty for disciplinary, administrative and Pension Act purposes during 
their participation in this experiment. 

For other militaw personnel: 
AU other military p e r s o ~ e l  must obtain their Cornmanding Officer's signature 
designating ap proval to participate in this experiment . 

For civilian ~ersomel  at DCIEM: 
Signature of your Sector Head is required designating approval to participate in this 
experiment . 
Sector Head 's/Comrnanding Officer's Signature: 
CO'S Unit Principal Investigato r 



(2) INVASrVE PROCEDURES CONSENT FORM 

Project Title: The effect of acute cafT'eine+ephedrine ingestion on upper and lower body 
strength. 
PRnciple hvestigator: Mr. H. Pasternak 
Co-Investigators: Dr. 1. Jacobs, Mr. D.G. Bell 

1. Venous Blood Sampling: A smail needle is used to pierce the skin overlying a vein. 
This venipuncture is used tu obtain a blood sample p r h  to exercise, as detailed in the 
subject information package. Either a physician or a properiy quaiified and physician- 
authorized technician performs the venipuncture. Complications may include infection of 
the wound site and leaking of blood into the surrounding tissue (bniising). Occasionaily, 
fainting due to nervous reflexes rnay occur during the venipuncture. 

Subiect's Declaration: 

1 (pnnt name) hereby consent to the procedures that I 
have initialed above. The procedures and their complications have been explained to me 
to my satisfaction by the investigator(s). In addition, I have had the opportunity to ask 
questions both of the investigator(s) and of a physician. 

Subject: Date: 
signature 

W itness: Date: 
signature 
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ASSAY PROCEDURES 

(1) Ca6ei.e and Ephedrine Assays 

SampIes: 

-The construction of a worksheet which assigned codes to each subject 

-Two sets of tubes for each sarnple were labeled and pipetted with 200ui of plasma 

-The addition of 100ul of ephedrine interna1 standards and 200ul of caffeine internai 

standard. 

Standards: 

-Preparation of stock aqueous ephednne standards by weighing out 12.20 mg of HCl 

dissolving in 10 rn ld  to get a 1000ng-ull stock. 

-Preparation of aqueous caEeine working standards of 1 ng-rn~", 1 Ong*uL", and 

100ngd. 

-Preparation of aqueous working ephedrine standards of O. I and 1 ng*u~". 

-Preparation of a standard curve for ephedrine of 10, 20, 50, and 100 ng-tube-'. 

-Preparation of a standard curve for caffeine of 100, 500, 1000, and 5000 ng-tube-'. 

Interna1 Standards: 

-Preparation of an aqueous workhg caf5eine standard of 0.5 n g d  by adding 125 uL of 

100ng*u~-' stock to 25 ml voiumetnc flask. M e r  the addition of 100 ul of O. 1% sulphite, 



water was added to the 25 ml mark. The final concentration is 100ng*tube-' of caEeine 

internai standard. 

-Preparation of aqueous working ephedrine standard of O S  ngul by adding 125 ul of 

100ng*al stock in fieezer to a 25 ml volumetric flask. The addition of 100 uL of 0.1% 

sulphite was followed by the addition of water the 25 ml mark. 

Standard Curves: 

-The addition of 100 ul of ephedrine intemal standard and 200 ul of cafEeine interna1 

standard to each screw cap tube (one per sample) 

-The addition of l OOul of potassium carbonate, 500ul of H20 and 1 ml of toluene were 

rotoracked for 20 min. 

-The tubes were then centrifuged for 5 min at 3000rp111, and the top layer of toluene was 

transferred to second tubes 

-This toluene extraction was performed three times 

-Mer the third extraction, the second tubes, to which the toluene had been transferred. 

was blown down using Ntrogen at 40 degrees until just a small drop remained. 

-The addition of 100 pl of P.F.P.A. (pentafiuoropropnonic anhydride) was added to the 

blown down samples and was then heated for 30 min at 60 degrees. 

-Samples were then blown down again under nitrogen until jus dry and 500 pi of toluene 

were added. 

-Samples were then transferred into mass spectrometry tubes and placed into the mass 

spectrometry machine, which was set at 1Sm DBXLB. 



(2) Plasma 8-Endorphin Assays. 

To assay for pendorphin, 5 mL venous blood samples were coilected in pre- 

chilied, evacuated g l a s  vacutainers (Becton Dickinson, Oakville, ON) containing 

tripotassium ethylenediarnine tetra-acetate (K3EDT4 7.2 mg 5 m ~ "  blood). The tubes 

were immediately placed on ice for transport to the centrifuge and centrifuged at low 

speed (760 x g; 1700 RPM) for 15 min at 4°C. The plasma layer was collected with 2 mL 

disposable plastic pipettes and transferred to individual, frozen, sterile polypropylene 

Eppendorf tubes. Ail samples were stored at -70°C until assayed in dupiicate. 

Plasma samples (1 mL) were assayed for Pendorphin, using an affinity gel- 

extraction and radioimmunoassay procedure (INCSTAR, Stillwater, WIN). The assay was 

performed according to the manufacturer's instructions. The first step in this method 

involved the extraction of Pendorphin from plasma using specific adsorption particles 

(Sepharose particles). Bnefly, 0.5 mL of well-mixed rabbit, anti-pendorphin coupled 

Sepharose particles were added to each chrornatography column containing 1 rnL of 

sample or standard. Following 4 h of column rotation (end over end) at 4"C, the plasma 

was allowed to drain through the column. The adsorbed Pendorphin was quickly eluted 

from the particles using 250 pL of 0.025 N HCL (x2). The eluted Pendorphin was 

assayed in duplicate using a sensitive ' 2 5 ~ - ~  (with this method, cross-reactivity with - 
lipotropin, Leu]- and Met]-enkephalins, and ACTH is less than 0.01%). Al1 of the 

samples from an individual were analyzed in the same assay to avoid errors due to inter- 

assay variability 
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National DBfense 
Oefence nationale 

Defance and Civil 
INSmUtE OF ENVIRONMENTAL MEDICINE 

When: 

Where: 

1 133 Sheppard Ave. West 
P.O. Box 2000. Norai York Om 

M3M 389 TEL (41 6) 635- 

INSlïNT DE MEDECINE ENVIRONNEMENTALE 
pour la ddfense 

1133. ave Sheppard ouest 
C.P. 2000. Nom Yak (Om) 

M3M 389 

Volunteers Wanted For Exercise Study 

evaluate the effect of Caffehe, Ephedrhe, and 
their Combination on repeated strength 
performance 

@starts Nov 98 

Cxercise Physiology Laboratory 
Environmental Phy siology Section 
DCIEM at CFB Toronto 
Corner of Sheppard Ave. W. and Allen Expwy 

Time Required: + approximately 1/2 day per test day 
+9 sessions over an 8-week period 

Tests: *pper and lower body strength 
*Blood sampling 

Feedback to You: .Evaluation of your muscular endurance 
in a reputable and state-of-the-art exercise laboratory 

Prerequisites: 

Payment: 

Contact 

+ Healthy Males, 18 - 40 years 
Famiüar with exhaustive exercise 

+ No history of heart disease, high blood 
pressure, dizziness or fainting spells 

#Participants will receive a stress aUowance 

Mr.Harley Pasternak 416-635-3098 
+ Dr. Ira Jacobs 416-635-2123 

76 
AUrOVON 827-4101 FAX (416) 635-2 104 



APPENDIX F 
ONE-REPETITION MAxEMUM CHART 



Table 26. l Estimnting One-Reperition .C13simum 



Table 26.1 (cunfinrred) 

% of IRM: 100.0 935 91.0 885 86.0 835 8 1 .O 785 76.0 735 
Rcptritions: 1 2 3 4 5 6 7 8 9 10 
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MW Pl) 
GL O 
RS (Pi) 
FC (CE) 
SR Pl)- 
w (cm 

(Pl) 
AL (C) 
RH (C) 
SB 
GG (Pl) 
MF m - 

Meai 
SI 
SI 

MW 6) 
GL (PI) 
RS (CE) 
FC El 
SR (a 
w (Cl 

(P2) 
AL (CE) 

(Pl) 
se (Pl) 

(Q 
MF (CE) 

Meai 
SC 

l I iwli BP (PI) 

mu (Cl 
GL (CE) 
RS (P2) 
FC (C) 
SR (E) 
w (PI) 

(CE) 
AL (Pl) 
RH O 
SB (E) 
GG (C) 
MF (Pl) 

Mear 
se 
SE 
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