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INTRODUCTION

Caffeine is a drug commonly found in the diets of most 

human cultures. Its source in the US diet is coffee (1 part 

caffeine to 15 parts coffee), tea (1 part to ^8 parts), and 

cola nuts (2.7 parts to 3.6 parts). Less known, but still 

in considerable use are mati (1.5 parts to 2 parts), and 

juarana (3 parts to 5 parts), used in the preparation of 

some teas (7, 29). It is estimated that US consumption of 

coffee alone is in excess of 2.5 billion pounds per year (7).

Caffeine is known to affect the central nervous system, 

myocardium, skeletal muscles, smooth muscles of the bronchii 

and blood flow. In addition it induces diuresis. It is also 

used in the diagnosis of some illnesses. Caffeine is often 

used theraputically (28,29). Its side effects include 

nausea, insomnia, restlessness, and muscle tremors.

Because caffeine's main action is on the heart, 

central nervous system and the skeletal musculature, it 

affects exercise and recovery from exercise. The purpose of 

this work is to study the effect of caffeine in vivo on 

work output and fatigue.

1
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LITERATURE REVIEW

Biochemistry of Caffeine

Caffeine belongs to the group of purine bases referred 

to as the xanthines. The xanthines are composed of two 

heterocyclic rings, a pyrimidine and an imidazol, which 

share two carbon atoms.

Among the important xanthines are guanine, adenine, 

hypoxanthine and uric acid, which in some cases may inhibit 

caffeine action because of similarity of structure. Two 

others, theobromine and theophylline are classified with 

caffeine as xanthine alkaloids because they are naturally 

occurring, basic, organic, nitrogenous, and of plant origin.

This discussion is concerned with these three alkaloid 

xanthines only, so, in this work 'xanthines' will refer only 

to these three chemicals, unless otherwise stated.

Xanthines differ chemically in the number and arrange

ment of methyl groups replacing hydrogen on nitrogens 1, 3, 

and 7t .This results in altered ionizability (or blockage 

in the case of caffeine), is responsible for differences 

in activity and metabolism, and is reflected by lowered 

pKfc values (7, 29).

The xanthines are weak bases with pK^ values in the 

13 to 14 range. In a pure state they are generally insoluble 

in water and soluble in organic solvents. As salts of 

organic acids their solubility in water increases and their 

solubility in organic solvents decreases (7, 28, 29)•
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Xanthines exert their primary influence on the central 

nervous system, cardiovascular system, the respiratory 

system and the skeletal musculature.(1, 7, 13, 28, 29) All 

of these factors affect recovery following work to exhaustion. 

In addition to these major effects, xanthines tend to induce 

diuresis and affect the gastrointestinal system (1, 7, 13, 28)

The Effect of Xanthines on the Central Nervous System

Xanthines in high enough concentrations (7, 13, 28) can 

stimulate the central nervous system. In this function caf

feine displays the highest potency of the three, followed in 

order by theophylline and theobromine. In humans, large doses 

(200 mg) may result in nervousness, tremor, insomnia, head-
i. ■

ache, tinnitus, and scintillating scotoma. It can also in

crease depression in an already depressed person. Low doses 

(50 to 200 mg) of caffeine produce increased mental alert

ness, decreased drowsiness and lessened fatigue. Studies 

in some animals (24) show that caffeine can hasten the on

set of fatigue.

Xanthines in increasing amounts (7) affect, in turn, the 

cerebral cortex, the medullary center, and finally (with very 

toxic amounts) cause convulsions of the entire brain and 

spinal cord.

There is no evidence at present which explains electro

physiological effects of caffeine on the central nervous 

system. Evidence that the cerebral cortex is the site of
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threshold action comes from an EEG arousal pattern caused 

by caffeine, accompanied by an increase in alpha rhythm 

and increased voltage in the 30 to 40 cycles per second 

range (7 ) •

Xanthines cause marked convulsions in higher animals 

in which the cerebral cortex is large (7)« Decreasing 

convulsions are found in animals of decreasing cerebral 

cortex size.

The medullary center (7) is stimulated by large doses 

of xanthines. This is also true of the respiratory.^ and the 

vasomotor centers. Stimulation of the vagal center tends 

to slow the heart. This is in opposition to caffeine's 

positive inotropic effect which will be discussed later.

Xanthines affect respiration (7.13. 29) first of by 

stimulation of the medullary center where it is believed 

that blood flow decreases, and oxygen consumption increases. 

These may lead to decreased blood flow, with carbon 

dioxide accumulation and oxygen deficiency in the respira

tory center.

Xanthines relax the smooth bronchial and alveolar 

muscles directly (1, 7, 13. 29). This is more true of 

theobromine and theophylline than of caffeine, making them 

useful in treating bronchial asthma. Theobromine and theo

phylline also effectively block the action of broncho- 

constrictive agents.

A third influence exerted by xanthines (7) is increased 

pulmonary blood flow caused by pulmonary arteriolar vaso

dilation.
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Structure and Contractile Mechanism of Striated Muscle

The contractile unit of muscle is the myofibril, 

composed mainly of the contractile proteins actin,?myosin 

and tropomyosin. The position of these proteins give the 

muscle its striated appearance. The dark anisotropic (A) 

band consists of overlapping (thick) myosin and (thin) 

actin filaments. The light isotropic (I) band contains only 

actin and is bisected by the dense Z line. Tropomyosin 

in resting muscle lies toward the edge of a groove between 

two actin strands.

The myosin and actin filaments (19, 20, 21) are 

connected by a series of crossbridges arising from the 

myosin molecules on a 1«1 ratio.

The sarcoplasmic reticulum surrounds the myofibrils.

It is composed of longitudinal tubules (19,20) joined by 

transverse terminal cisternae. The T tubule is a narrow 

tubule running transversely through the terminal cisternae. 

Calcium (an integral part of the contractile mechanism and 

process) is bound to the walls of the sarcoplasmic 

reticulum.

The muscle fiber membrane possesses an electrical 

potential of -75 to -85 mV during resting potential (20).

Nerve fibers are connected to muscle fibers at motor? 

end plates where processes of the nerve fiber containing 

acetylcholine fit into synaptic clefts of the muscle fiber.

Normal contraction occurs when a nerve impulse releases 

acetylcholine at the motor end plate. The impulse travels
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through the T tubules and the sarcoplasmic reticulum, 

causing a depolarization of the membrane (19, 20, 21).

Calcium is released from the inside of the membrane. In the 

presence of Ca++, myosin probably functions as an ATPase 

to release, energy from ATP for contraction (19). The myosin 

crossbrid/res in their activated state attach to specific 

sites on the actin and oscillate back causing the two 

filaments to slide along each other and shorten the muscle 

length. For each cycle of one cross bridge, one ATP molecule 

is utilized for energy. Each bridge must go through 50 to 

100 cycles per second to account for a normal shortening 

rate.

When no troponin is present actinomyosin ATPase is 

inactivated. When troponin is present it binds to calcium 

causing derepression of actinomyosin ATPase. Troponin 

is a protein found in a filament associated with tropomyosin 

(15). It is composed of three parts. It has a calcium 

sensitizing factor £c(TN-Cj which binds to calcium, an inhi

bitory factor, troponin I (TN-I) which inhibits magnesium 

ions and stimulates actinomyosin ATPase, and a component 

which is.not known or understood at this time.

Tropomyosin blocks sites on actin where myosin cross, 

bridges attach* When calcium binds to troponin, rods of 

tropomyosin draw toward the center of the groove, allowing 

actin and myosin to bind and activate the splitting of ATP.

Relaxation is not understood completely, but appears 

to be the resuLt of a combination of events (19» 20).
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Cholinesterase is released at the motor end plate to stop 

the action of acetylcholine on membrane potential. Then, as 

calcium is dislodged from the interior of the membrane, 

sodium moves into the cell, dislodges more calcium, and 

reverses the membrane potential. Finally, ATP remaining 

after contraction breaks the actin-myosin combination by a 

mechanism not understood at this time.

The Effect of Caffeine on Contraction in Skeletal Muscle

Studies on human skeletal muscle (2, 26) show that 

caffeine exerts its primary influence by stimulating the 

release of calcium from the terminal cisternae. Bianchi 

(2) shows studies in which caffeine reduces the binding con

stant of sites for calcium in the membrane or in the 

sarcoplasmic reticulum. The result would be an increase in 

free calcium ions followed by contracture. Caffeine may 

also increase membrane permeability to calcium (26). Influx

and efflux of calcium would then depend on both intracellular »
and extracellular calcium concentrations. Bianchi (2) shows 

that caffeine does not exert a substantial effect by affect

ing membrane permeability, since drugs known to increase 

membrane permeability by removal of membrane calcium do not 

cause a substantial loss of calcium.

Another source (35) shows that caffeine causes a sus

tained Increase in calcium influx and efflux by an unknown

mechanism.

Caffeine'contractures, then, can occur in two ways.
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The first is by interfering with membrane or sarcoplasmic 

calcium binding sites, thus increasing the intracellular 

calcium ion level. Secondly, caffeine may cause membrane 

depolarization which would require calcium influx.

High caffeine concentration (26) can cause biphasic 

contractions in human skeletal muscle. The first phase 

is probably caused by the release of calcium from calcium 

storing membranes. The second phase would then be due to 

the entry of calcium ions from the external medium. This 

explanation is in agreement with the aforementioned mechan

isms of caffeine action and is based on the following 

two observations. First, caffeine induces contractions 

in vitro in muscles soaking in a calcium free solution. 

Secondly, the second phase of contraction is small in a 

calcium free medium and increases markedly when calcium 

is added to the medium.

Experiments in neuromuscular transmission in rat 

muscle (5) show similar results, but also show that the 

calcium mobilization rate as affected by caffeine depends 

on the frequency of impulse. High frequencies are best in 

terms of dectecting the possibility of partial replenish

ment of the calcium store by mobilization.

Calcium is thought to accelerate postjunctional 

membrane (PJM) receptor sensitivity (4). There is an 

inward calcium gradient in the PJM, so if permeability 

increases, calcium influx increases. Proposed mechanisms by

which calcium accelerates desensitization are, first,
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reaction with anionic sites along ionic conductance pathways. 

Secondly, during prolonged application of acetylcholine 

at the endplate, calcium ions accumulate in the membrane, 

forming complexes which control the pathways for ionic 

permeability. Caffeine may accelerate PJM receptor de

sensitization that occurs with normal (1.8mM) concentra

tion of calcium. Cochrane and Parsons (4) propose that the 

main effect of caffeine is due to an increase of cell 

membrane permeability to calcium, accelerating the PJM 

receptor desensitization. They disagree with Bianchi (2) 

but do not rule out the possibility that its main action 

may lie elsewhere.

The effect of caffeine appears to be more apparent for 

low calcium concentrations than for high concentrations.

If calcium concentrations are high enough to drive calcium 

inward, no effect on PJM receptor desensitization or 

contraction is shown by caffeine.

Structure and Contraction of Cardiac Muscle

Myofibrils of cardiac muscle are 20 to 60 microns in 

length and 5 "to 15 microns in diameter. They are composed 

of sarcomeres and are surrounded by a sarcolemma.

The sarcolemma is composed of a surface plasma mem

brane, and a basement membrane of glycoprotein. The 

plasma membrane is composed of a bimolecular phospholipid 

layer which is polar on the outside and nonpolar on the 

inside. It is the major semipermeable membrane between
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intercellular; cytoplasm and extra-cellular space. Enzymes 

are processed for transport across the cell membrane at the 

plasma membrane.-

Fibrils of cardiac muscle branch and interdigitate 

by means of intercalated disks (21). Intercalated disks 

are not true cell membranes. It is a functional syncytium 

because electrical impulses, and force, are readily transmit 

ted between cells.

There are three variations in the structure of the 

intercalated disks (25) corresponding to three separate 

functions. The fascia adherens is a dense cytoplasmic 

deposit into which myofibrils of terminal sarcomeres of 

fibrils are inserted. This fixes the ends of myofibrils 

within a given cell and transmits the force to the next 

cell. The macula adherens is a desmosome-like structure.

It is a pair of dense arcuate cytoplasmic bodies in apposi

tion to the cell membrane. They are believed to aid in 

holding cells together and allowing transmission of force 

between cells in series. The nexus (6, 25) is a junction 

gap seen where intercalated disks turn and run parallel to 

the long axis of and between two cells. They are composed 

of two orlosely apposed, unfused plasma membranes made up 

of globular subunits in a hexagonal array. There is a 

narrow channel running between the membranes allowing small 

ions to pass between extracellula spaces. This also is a 

site of low impedence and transmittal of electrical 

activity between cells.
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Functions of the sarcolemma are to maintain high potas

sium and low sodium concentrations within the cell, and to 

depolarize by means of rapid sodium ion influx and potassium 

ion efflux (15. 23, 30). It propagates electrical depolar

ization along adjacent fibers. It also excludes extracellular 

calcium from'the cell during diastole when myoplasmic 

calcium is low.

The sarcolemma has a sodium pump, uses ATP for energy, 

is dependent on magnesium and is inhibited by calcium. It 

also has a calcium pump which is poorly understood at this 

time (25, 30).

The sarcoplasmic reticulum is similar to that in 

skeletal muscle, but has less profuse T tubules extending 

between sarcomeres and having junctions along the sarcolemma. 

The cisternae is flattened against the sarcolemma. Joined 

T tubules and cisternae are referred to as diads at each 

junction. They are thought to communicate with the sarco

plasmic reticulum.

Sarcomeres are fundamental structural and functional 

repeating units along a myofibril,. They are composed (15) 

of myosin, actin, and tropomyosin, which act the same as 

they do in skeletal muscle.

The contraction-relaxation cycle (15. 23) is largely 

controlled by the intracellular concentration of free 

calcium, which is, in turn, controlled by the surface 

membrane and the sarcoplasmic reticulum.

The resting potential of the sinoatrial node (34)
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varies somewhat from the ventricle, giving it its pacemaker 

function. In the ventricle, the resting potential remains 

stable during the diastole, and small resting fluxes of 

sodium and potassium ions are balanced. In the sinoatrial 

node the resting potential falls slowly as a result of a 

decline in the potassiun conductivity of the membrane. Later 

there is an increase in sodium permeability as the threshold 

for rapid depolarization is reached,

Excitation-Contraction Coupling

At rest the inside of the cell is negatively polar 

with respect to the outside. The sarcolemma and its im

permeability to external sodium and internal potassium 

create a transmembrane potential of -80 to -lOOmV (34).

When the membrane potential is reduced to its threshold 

level of -50mV rapid depolarization of the cell membrane 

occurs. This is followed by a rapid influx of sodium, 

reversing the potential to +30mV. As it passes through 0 

potential there is a plateau of action potential during 

which there is a slow incurrent of sodium and calcium ions. 

This slow phase of calcium influx may be due to prior 

rapid incurrent of sodium. The influx of calcium ions 

stops at the end of the plateau of action potential.

Repolarization (34) is characterized by efflux of potas 

sium. This late egression ends the plateau of action poten

tial and is referred to as delayed rectification. During
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the action potential, conduction of potassium is less 

than at rest and is referred to as anomalous rectification.

During the action potential, then, there is an increase 

in intracellular sodium and calcium and a decrease in 

intracellular potassium.

The Effect of Caffeine on Cardiac Muscle

Caffeine affects, first of all, atrial muscle. There 

is evidence (14) that caffeine in atrial muscle may release 

endogenous norepinephrine, but this is not believed to be 

the primary action.

Caffeine shows (14) antagonism with adenosine, AMP,

3',5'cyclic AMP, ADP, and ATP, possibly because with 

similarity of structure all affect the same active sites. 

Caffeine's primary site of action is the membrane where it 

prolongs a decrease in potassium permeability. Caffeine is 

slower to move on and off of this site than is adenosine.

Caffeine can also reverse the effects of acetylcholine, 

but requires ten times the concentration needed to counter

act adenosine.

The effect of caffeine depends op the external calcium 

concentration. At 0 calcium concentration caffeine has no 

observable effect. At low calcium concentration, all 

caffeine concentrations cause an-5 increase in contractions. 

At normal calcium concentrations, low caffeine concentra->> 

tions increase contraction, but high caffeine concentrations 

decrease contraction. At high calcium concentrations (which

CARROLL COLLLGt LIBRARY 
HELENA, MONTANA 596CP
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produce maximum contraction when used alone) caffeine 

causes a decrease in contraction. Caffeine appears to make 

membranes more sensitive to calcium in consideration of con

traction strength alone.

Caffeine possibly makes the cell membrane more per

meable to calcium ions or changes the affinity of calcium 

ions at critical sites oh the endoplasmic reticulum of 

cell membrane.

Overall, caffeine has a positive inotropic effect 

on atrial muscle in vitro in some animals at concentrations 

of' .25mM to 1.5mM. Above those concentrations caffeine 

has a negative inotropic effect.

The effect of caffeine on ventricular muscle does not 

appear to differ from that of atrial muscle (22,27). Its 

effects depend on calcium concentration in the same rela

tionships as in atrial muscle.

Studies on ventricular muscle indicate that in high 

extracellular calcium concentrations there is no response * 

to caffeine because calcium uptake during KG1 depolarization 

is already optimim.(22, 27)

In addition to its positive inotropic effects, caffeine 

may exert a secondary negative inotropic effect on cardiac 

muscle due to interaction between caffeine and calcium 

receptor sites of cardiac cell membranes (27).

Studies on force development and force frequency (17) 

show that the effects of caffeine in this area tend to vary 

with species. Generally, caffeine slows the initial rate of



15

force development, allowing force to climb late to a peak 

of greater magnitude. It does not delay the onset of relax

ation, but does slow the rate of relaxation. This indicates 

that caffeine slows the decay of the active state.

The Effect of Caffeine on Exercise and Recovery

Exercise and recovery from exercise are not only a 

function of skeletal and cardiac muscle contraction and 

relaxation, but also of heart rate, blood pressure, nervous 

reactions, respiration and numerous interactions of all of 

these factors.

Studies of the effect of caffeine on recovery from 

exercise in trained human subjects (10) show that caffeine 

tends to decrease recovery in a given time period when the 

drug is administered before the first of two work periods. 

If administered between the two work periods caffeine 

increases recovery. Subjective sensations from caffeine 

were described by the subjects and appeared to be more 

pronounced in non-fatigued subjects.

In experiments on'the effect of caffeine on recovery 

in untrained subjects (9) similar, but less pronounced, 

results appeared for the first few trials. The effect of 

caffeine then became overshadowed by training.

Other studies on the effect of caffeine on exercise 

and recovery of humans using a double work period (8) show 

that percent recovery varies less than either the first or
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the second period work outputs. Also, percent recovery 

is inversely proportional to first period work output, 

so that as training, and, hence first period work output 

increase, percent recovery decreases. In these studies 

caffeine increased percent recovery in those subjects 

experiencing subjective sensations and physiological side 

effects of caffeine. The same dosage (.5g) in individuals 

not experiencing these signs produced no effect on 

percent recovery in those subjects.

Studies of the effect of caffeine on physical perform

ance in rats as evaluated by; a swimming test showed that 

caffeine (20mg/kg) shortened swimming time and increased 

swimming speed (24). Larger doses produced rigidity of 

muscles and lessened ability to swim.

Caffeine appears to decrease resistance to anoxia. It 

also stimulates some organisms to excessive reaction in 

vital circumstances, with little display of work economy.
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METHODS AND MATERIALS

Experiments were conducted with 20 untrained adult 

male albino rats of the Wistar strain. The rats were 

randomly divided into a group of 10 control rats and 10 

experimental rats. After 15 hours with food but no water 

the control animals were given 1 ral/lOOg body weight of 

distilled water to drink. Experimental animals were given 

caffeine (base) of 20 mg/kg as a 0.2% water solution to 

drink.The mean weight of the rats was'248g. Two hours later 

the animals underwent the swimming test individually.

Each rat was placed in a smooth, glass-walled tank 

(90x51x37 cm) containing water 28cm deep. The water 

temperature was 20+16 C. Commercial detergent (0.5%) was 

added to the swimming water to enhance wetting of the fur» 

and minimize the accumulation of air bubbles which increase 

buoyancy of the animal.

Exhaustion was determined to be that point at which 

the animal submerged without blowing bubbles and without 

attempting to surface or swim for more than 5 seconds.

Time was measured from the start of swimming to the point 

of exhaustion. Each animal swam until exhausted,was allowed 

to rest for three minutes, and swam for a second period 

until exhausted. Recovery was defined as the length of time 

in the second period divided by the duration of the first 

period. Results were evaluated by Student's t-test.
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RESULTS t

I observed that rats with caffeine were active for 

longer periods of time immediately after the beginning of 

the first swimming period than were control rats. After the 

very active period in which rats turned more frequently and 

swam linearly at a fast pace, the rats slowed their pace 

and spent more time in a corner where they dropped to a ver

tical position,clawed the walls and stayed afloat by kick

ing with their hind legs. The next period was marked by al

ternating maintenance of a vertical surfaced position by 

use of the hind legs with breath holding while submerged. 

Those rats which blew bubbles were able to increase their 

total swim time. Finally, at the point of exhaustion the rats 

sank with no limb movement and no bubble blowing.

The average first period swimming time for control 

rats was 1045.56 seconds with a standard deviation of 

376.26 sec. For the experimental rats the average was 1108.88 

sec with a standard deyiation of 335*82 sec.(See Figures.

1,2,3,4)

The average recovery for control rats was 17*58% with 

a standard deviation of 9%. For the experimental rats the 

average recovery was 21.74% with a standard deviation of 

5*53%* (See Figures 5,5).
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Figure 1. Time to exhaustion in 1st of 2 swim periods for 
rats given drinkingwater with no caffeine 2 hours 
prior to swimming.

Figure 2. sTime to exhaustion ‘in 1st of 2 swim periods for 
rats fed 20 mg/kg caffeine as 0.02% water solution 
2 hours prior to swimming.
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Figure 3. Time to exhaustion in 2nd of 2 swim periods
for rats given drinking water with no caffeine 2 hours 
prior to swimming.
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Figure 5» Percent recovery from exhaustion in control rats 
with no caffeine.

28.5%

26.8%

28.1%

Figure 6. Percent recovery from exhaustion in rats fed 
20 mg/kg caffeine as 0.02% water solution before 
exercise.
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DISCUSSION

Caffeine does not show conclusive increase in work out

put measured from the first work period on any confidence 

level using either the one- or two-tailed Student t-test.

(See Table l).

Caffeine shows an increase in recovery with 60% confi

dence, as determined by a two-tailed t-test, but does not 

show significant increse in recovery in the 80% confidence 

level. Use of a one-tailed test would shift the confidence 

level to between 80% and 90%, but as the effects of caffeine 

on fatigue have not been studied in depth on the organism 

as a whole, the use of the two-tailed test is not justifiable. 

It would only be manipulating figures.(See Table 2)

Recovery from fatigue in rats appears to be related to 

recovery in humans (8) in that percent recovery is related 

to first period work output. As first period work output 

increases recovery decreases.

My results are not in agreement with those of Makoc (2^) 

which show that as a result of increased work output at 

the start of the first swim period experimental rats tire 

sooner, and decrease their first period swim time. Makoc, 

however,timed both work output and convulsions to the point 

of death, rather than exhaustion.

My results cannot conclusively show that caffeine does 

or does not affect work output and recovery. All of the 

results were consistent in showing approximately no difference
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Table 1. Values, mean, standard deviation, t-scores and 
null and alternative hypothesis for duration of the 
1st of two swim periods for control rats (no caffeine) 
and experimental rats (invested 20 mg/kg as 0.02% 
water solution.)

(experimental) (control)
r ' 2 2

yi Yl Y2 V2

840 sec« 705600 1020 sec • 1040400

870 756900 1260 1587600

1175 1380625 755 570025

875 765625 •; 740 547600

615 378225 1070 1144900

1330 1768900 770 592900

1295 1677025 1125 1265625

1710 2924100 1560 2433600

1720 1612900 1110 1232100

9980 11969900 9410 10414750

^=1108.88 s.d.t= 335.82

y2=l045.56 s.d.2= 268.34

t= .3764 t= yi"Y2 where S=/ (n^-1) s.d.j +

Ho«>4i = ^2 s /X*l V n1+n2-2
V nln2

C
M 

C
M

Ha« /ti#X2

These figures indicate that the experiment was

inconclusive in determining the effect of caffeine on 

work output.
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Table 2. Values, mean, standard deviation, t-scores and
null and alternative hypothesis for percent•recovery 
from fatigue in control rats (no injested caffeine) 
and experimental rats (injested 20 mg/kg as 0.02% 
water solution).

(experimental) (c ontrol)

yi
2

*1 *2
2

y2

28.5% .081225 17.6% .030976

18.9 .035721 7.0 .0049

16.6 .027556 37.7 .1421

28.6 .081796 22.2 .049284

20.3 .0412 11.2 .012544

21.0 .0441 10.3 .010609

28.1 .07961 18.2 .033124

13.2 .017424 13.7 .0188

20.5 .042025 20.3 .041209

195.7 .504008 158.2 .3^3544

yt= 21.74 s.d.1= .0553

y2= 17.58 s • d• .0904

t=1.175 t= yi~y2 where S= /(h j-1 )s.d.*[ + (n2-l)sd2

Hos*l=^2 V nl+n2~2
V «ln2

Ha’ *1**2

These figures indicate that the experiment was incon

clusive in determining the effect of caffeine on recovery 

from fatigue.
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between the caffeine and the control for both the first 

and second periods and the ratio between the two* In order 

to eliminate error due to weight differences in rats the 

results were separated and paired on the basis of weight.

This also showed no difference between the caffeine and the 

control groups, with a very low t-score. (See Table 3*)

There are some errors in the experiment itself which 

must be considered in evaluating the effect of caffeine on 

work output and recovery.

The first problem was subjectivity on my part in deter

mining whether or not the animal was completely exhausted.

In some instances the animal may have been only resting 

or holding his breath (which would be unpredictable.) This 

was less of a problem than I had anticipated because of the 

general characteristics of an animal which has "given-up”, 

but this is still an area of potential error.

Secondly, age and therefore weight of the animal may 

have some effect on the swimming time even though my calcu

lations do not show this to be true. In my calculations one 

animal from each group was dropped because of large weight 

differences from the rest of the group. Even with this 

correction the standard deviation from the mean weight was 

1^.81 g. More consistency would be possible with a group in 

which the standard deviation is within 5

The depth of the swimming tank should have been at least 

55 cm deep to allow for a water depth which would prevent the
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Table 3* The effect of 
swim time between 
and experimental 
water solution.)

weight differences on 1st period 
control rats (no invested caffeine)

rats (invested 20 mg/kg as 0.02%

Experimental Control

Weight Duration Weight Duration

218.3 g- 875 sec • 218.2 1260 sec.

221.4 615 221.5 740

241.8 1295 234.1 1020

254 870 253.5 ' 755

272.8 1710 278.8 1125

Differences
2

D

pair 1 385 148225

2 125 15625
•

3 -275 75625

4 -115 13225

5 -585 342225

d=-93 t= d-0
594925

Sd = -.375

n

Ha’ d=0

These figures indicate that the experiment was incon

clusive in determining the effect of caffeine on work out

put when data is paired by weights for analysis.
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use of the tail for support. In my experiments some animals 

were able to use their tails for support to varying degrees.

Different length rest periods could be tried in order 

to bring out differences in recovery which may be over

shadowed by the exhaustion still present to a great degree 

after three minute rests.

Aside from these corrections, the experiment is good 

because of the many sets of data which can be obtained 

from it, including first and second work period outputs 

and recovery.

Summary

Caffeine does not appear to have a significant effect 

on either work output or recovery as measured with the use 

of a double work period swimming test on rats. The 

evidence for this is not conclusive, but may become more 

so with alterations in this experimental design.
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