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ABSTRACT 

Much work has been done on the chronic effects of exercise and the 

development of iron deficiency. However, few investigators have 

assessed the acute effects of exercise on serum iron. A series of 

experiments were designed to isolate and evaluate the effects of short-

duration, high-intensity exercise. Subjects were male physical 

education students, well-trained biathletes and elite speedskaters. The 

exercise stimulus was 1 or 2 30-second supramaximal bouts on a cycle 

ergometer. Physical education students showed one of two distinct 

responses to the exercise. Group A demonstrated an increase in serum Fe 

and a decrease in a
1 
AT. Group B demonstrated an acute inflammatory 

response to the same exercise with a decrease in serum Fe and an 

increase in a
1
AT. The correlation coefficient for these two variables 

for experiments 3-7 inclusive was -0.83. No difference was seen between 

the two groups for the measures of glycolytic capacity, mean power 

output over 30 seconds and peak blood lactate concentration. Well-

trained and elite athletes showed a tendency toward the group A 

response. However, an aerobic training program carried out by physical 

education students increased aerobic capacity by 15%, without affecting 

the serum Fe response to high-intensity exercise. A short-term 

anaerobic training program which did not affect mean power output or 

peak blood lactate, did produce a shift of subjects showing a group B 

response to a group A response. 
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The results suggest that there is a biochemical response to 

exercise indicative of inflammation which is altered by high-intensity 

training, but which is also distinct from existing measures of anaerobic 

and aerobic capacity. This response is suggested to be affected by the 

total volume of stress exerted upon an individual at any given time. 

Elicitation of an inflammatory response may thus depend upon the 

tolerance of an individual to stress, as determined by previous 

exposures to stress. 
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INTRODUCTION 

Recently a great deal of interest has been shown in the area of the 

iron metabolism of athletes (Dickson et al., 1982; Puhl and Runyan, 

1980; Rotstein et al., 1982). Iron (Fe) is critical for the transport 

and enzymatic utilization of oxygen in the body. The majority of 

studies have shown that the depletion of Fe stores leads to a decreased 

work capacity (Nilson et al., 1981; Siimes et al., 1980). A number of 

contributing factors have been suggested of which increased red blood 

cell (RBC) destruction (Dufaux et al., 1981; Pate, 1983), hypoxia 

(Mairbaurl et al., 1983) and hemodilution (Dickson et al., 1972; 

Rotstein et al., 1982) are considered to be the most important. It has 

generally been shown that athletes do show differences in their Fe 

turnover rate from the normal population and that this accelerated 

metabolism of Fe often leads to the depletion of Fe stores (Brotherhood 

et al., 1975; Clement and Sawchuk, 1984; Dufaux et al., 1981; Ehn et 

al., 1980; Frederickson et al., 1983; Hunding et al., 1981; Rushall et 

al., 1980). However, little work has been done to examine the acute 

effects of exercise, particularly to investigate the intensity and 

volume of exercise as related to acute changes in Fe parameters. 

Contrary to Zilva and Patston (1966), it was found that under 

resting conditions there is little variation in day-to-day serum Fe 

values for a homogeneous group of individuals living under similar 

conditions (Table 4). Changes are seen, however, when sampling is 

carried out at different times of the day (Zilva and Patston, 1966), at 

the onset of an acute inflammation (Roeser, 1980), following specific 



2 

intensities and volumes of exercise (Ahlberg and Brohult, 1967; Refsum 

et al., 1976; Roberts and Sm~th, 1986), or when subjected to increases 

in the level of mental stress (unpublished results). 

Clinically it is accepted that hypoxic conditions which stimulate 

the release of erythropoietin, and thus initiate the production of RBCs 

also lead to a mobilization of Fe from the reticuloendothelial system 

(RES) (Guyton, 1976). Thus, an increase in serum Fe in response to 

exercise may reflect an acute mobilization of Fe for increased erythro-

poiesis. Further evidence would be provided by an increase in the 

concentration of serum erythropoietin and by an increase in the number 

of circulating reticulocytes (Davidshon and Henry, 1969; Miale, 1972). 

Alternately, increased serum Fe following exercise may be due to 

hemolysis and increased circulating free Fe (Lindemann et al., 1978). 

On the other hand, a decrease in serum Fe in response to exercise 

appears to occur when the volume of exercise exceeds the capacity or 

training state of the individual (Roberts and Smith, 1986). An acute 

inflammatory response has been identified following severe exercise, 

manifested by an increase in transferrin, alpha-1-antitrypsin ca
1

AT) and 

other serum glycoproteins (Dufaux et al., 1984; Liesen et al., 1977). 

Observations of elite athletes in speedskating and volleyball have 

shown that a relationship exists between the volume of work (as defined 

by intensity, duration and frequency of exercise), the training state of 

the individual, and Fe metabolism (Roberts and Smith, 1986). These 

observations have indicated that if the volume of work is within the 

capacity of the individual (the exercise is within the range of that to 

which the individual has become accustomed), a rise in serum Fe is 
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observed within 20 hr post-exercise. If the volume exceeds the work 

capacity of the individual, a drop in serum Fe is observed within the 

same time frame. However, this effect needs to be examined and 

quantified in a controlled situation. In addition, if the acute Fe 

response to exercise is related to the current state of training, then a 

training effect should be demonstrated. Following an exercise training 

program an increase in the volume of work which can be performed and 

still elicit an acute increase in serum Fe should be seen. This study 

proposed to identify the relationships between the training status or 

physiological capacity of an individual to perform high-intensity work 

and the metabolic response of Fe. 
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REVIEW OF LITERATURE 

Storage and Utilization of Iron 

Due to the prominence of Fe in oxygen transport and utilization, 

and the frequency with which Fe deficiency occurs, Fe metabolism has 

been the subject of intensive investigation. Most studies have examined 

only the chronic effects of exercise. However, it is also important to 

understand the acute response of Fe to stress as represented by the 

volume (intensity, duration and frequency) of exercise. 

Clinically, Fe metabolism has been studied from the aspects of 

absorption, transport, storage, utilization and excretion. Fe is an 

essential component of the oxygen transport proteins hemoglobin (Hb) and 

myoglobin; of several enzymes of the oxidative pathway: the cytochromes 

(a, a
3

, band c), succinate dehydrogenase and the Fe-sulfur enzymes; and 

of numerous other enzymes including peroxidases and catalases (Martin et 

al., 1983). 

The unique characteristic of Fe which allows this metal to function 

in a large range of uses is its ability to be reversibly reduced from 

ferrous (Fe +
2

) to ferric (Fe +3) forms. Interaction with coordinating 

ligands leads to the formation of compounds with a wide range of redox 

values. Thus, Fe-containing metalloproteins function as both electron 

acceptors and electron donors (Wrigglesworth and Baum, 1980). The 

specificity of a given reaction is determined by the redox potential and 

the kinetic properties of the apoprotein. Herne proteins function in the 

reversible binding of molecular oxygen, the transfer of electrons to 

molecular oxygen in cellular respiration, the reduction of peroxides, 
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the oxygenation and hydroxylation of organic substrates and the transfer 

of electrons between dehydrogenases and various electron acceptors. 

Fe-sulfur proteins function as mediators of redox reactions in the 

mitochondrial electron transport chain, and also in oxidation and 

dehydrogenation reactions (Wrigglesworth and Baum, 1980). 

Fe is transported among sites of absorption, utilization, storage 

and excretion by the glycoprotein transferrin. The binding of free Fe 

solubilizes ferric ions as well as preventing spontaneous oxidation 

reactions that would lead to the production of cell damaging peroxides, 

superoxides and hydroxyl radicals (Aisen, 1980). Serum concentrations 

of transferrin-bound Fe vary with a circadian rhythm. The highest 

concentrations are observed in the morning, decreasing by 30 to 50% by 

evening (Zilva and Patston, 1966). By convention, serum Fe refers to 

transferrin-bound Fe while total iron binding capacity (TIBC) refers to 

the total amount of the glycoprotein, both Fe-bound and unbound. 

Ferritin consists of a multisubunit apoprotein shell surrounding a 

hydrous core which has a large storage capacity for ferric Fe (4500 Fe 

atoms/molecule ferritin). Normally ferritin binds Fe to less than 

two-thirds of the total capacity, thus maintaining a reserve for 

immediate uptake or release ·of Fe as is needed (Harrison et al., 1980). 

High concentrations of serum Fe stimulate the production of apoferritin 

in liver RES cells, as do infection and inflammation (Bamford and Munro, 

1980). Although ferritin is generally located intracellularly (RES 

cells of the bone marrow and liver as well as other tissues), serum 

ferritin levels are generally considered to be the best indicator of 

whole body Fe stores for diagnostic purposes (Ehn et al., 1980; 
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Lipschitz et al., 1974; Sheridan and Pearce, 1984; Worwood, 1980). 

Ferri tin is cleared from circulation by the liver. Fe is also found 

stored as hemosiderin, which is considered to be formed from denatured 

ferritin under conditions of excess Fe (Worwood, 1980). Fe is not 

readily mobilized from the hemosiderin storage form (Martin et al., 

1983). 

The concentration of Fe within the body is relatively stable 

despite constant turnover. Normal values for several important Fe 

parameters are given in Table 1. Whole body Fe stores are normally 

-1 -1 
55 mg Fe•kg body weight for adult males and 45 mg Fe•kg body weight 

for females distributed in the following manner: 60 to 75% reversible 

metalloprotein-oxygen complexes (65% Hb, 4-10% myoglobin), 15 to 30% 

reversible Fe protein complexes functioning in Fe transport and storage 

(10% ferritin, 9% hemosiderin, 0.2% transferrin), and 1% enzymes, mostly 

with redox functions (May and Williams, 1980). 

Iron Absorption 

An increase in utilization or loss of Fe is normally balanced by an 

increase in absorption of dietary Fe in the gut. Thus, a decrease in Fe 

stores, increase in erythropoiesis or any hypoxia-producing condition 

leads to increased Fe absorption (Conrad and Barton, 1981). The normal 

adult loses approximately 1 to 2 mg of Fe per day through desquamated 

epithelium, gut secretions (bile), skin secretions (perspiration) and 

feces (Conrad and Barton, 1981; Finch, 1969). Menstruating females lose 

an additional 8 to 38 mg of Fe per menstrual period (Baldwin et al. , 

1961). An absorption rate of only 15% ingested Fe balances these 
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demands in healthy individuals consuming a nutritionally sound diet 

(Finch, 1969). 

Table 1. A summary of normal values for selected Fe and hematological 

parameters for male adults. 

Hb Hct Fe TIBC % Sat Ferritin Reference 

-1 -1 -1 -1 
(gm,dl ) (volume%) (µg,dl ) (µg,dl ) (µg,dl ) 

14-18 Committee on Iron Deficiency 

14-18 40-54 50 · 150 250 · 350 Davidshon and Henry 1969 

93 - 124 Worwood 1980 

13.5-17.5 40-53 50 -160 250 · 400 20 · 55 15 - 200 Tietz 1983 

14 -18 42 · 52 67 -143 200-400 20- 289 Foothills Hospital 1982 

13.5 - 18 40-54 50 · 150 250 · 450 20 · 50 Kee 1983 

14 · 18 50 - 200 250 - 350 12 · 330 Colt and Heyman 1984 

Most Fe absorption occurs in the proximal small intestine (Conrad 

and Barton, 1981; Guyton, 1976). There are three major aspects of Fe 

absorption: 
+2 +3 

(1) physiochemical form of Fe (solubility, Fe , Fe or 

heme state); (2) absorptive cells (surface area and availability of 

Fe-binding proteins in the mucosal cell wall); and (3) corporeal factors 

(degree of Fe stores vs. Fe turnover rate). 

Once transported across the mucosal cell wall, the pool of incoming 

Fe is bound to an intracellular Fe carrier for transport to storage or 

utilization. Approximately 5% of absorbed Fe either remains within the 



8 

mucosal cell stored as ferritin and hemosiderin or is utilized by the 

mucosal cell mitochondria for the synthesis of Fe-containing enzymes 

(Conrad and Barton, 1981). The vast majority of absorbed Fe is trans-

ported across 

(transferrin) 

the 

for 

mucosal cell membrane to 

distribution throughout the 

the plasma Fe carrier 

body. Of the plasma 

transferrin pool, 80% is taken up by the bone marrow and used for heme 

synthesis or is stored as ferritin for later use (Cavill and Ricketts, 

1980). 

body. 

The remaining 20% is distributed among the RES cells of the 

Non-erythroid tissues have low requirements for Fe from 

transferrin due to the efficient recirculation of Fe within the tissue 

(Cavill and Ricketts, 1980). In addition, RES cells phagocytize Hb from 

damaged RBCs, recovering most of the Fe thus released (Guyton, 1976). 

In the liver, 1 to 2% of Fe stores are turned over as non-erythroid heme 

compounds per day (Elder, 1980). 

Synthesis of Herne 

Herne compounds are essential for the transport of oxygen, its 

storage in the muscle, and its utilization in the oxidative pathways for 

energy production. Eighty to 85% of total body heme synthesis is 

directed toward Hb. Of the remaining 15 to 20%, most heme synthesis 

occurs in the liver - 50% for cytochrome synthesis, 50% for synthesis of 

other heme enzymes (Elder, 1980). 

In adults, erythropoiesis takes place in the bone marrow of 

membranous bones such as the vertebrae, sternum, ribs and pelvis. 

However, under conditions of extremely elevated erythropoiesis, other 

bones and the liver and spleen can resume their juvenile erythropoietic 
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function (Guyton, 1976). Bone marrow stem cells are the precursors of 

many cell types, including erythrocytes. They give rise to the 

hemocytoblast, a unipotential stem cell which, in turn, differentiates 

into the basophil erythroblast. Maximum Fe uptake is observed at this 

stage as heme synthesis begins to take place (Cavill and Ricketts, 

1980). As the nucleus begins to shrink, the polychromatophil 

erythroblast is formed with further differentiation into the normoblast. 

Hb synthesis continues throughout these phases. As the nucleus is 

extruded by the normoblast there is an accompanying loss of Hb making 

approximately 20% of the total erythroid Fe turnover functionally 

ineffective. Reticulocytes contain remnants of endoplasmic reticulum 

which continue to produce Hb for up to 2 days following extrusion of the 

nucleus (Guyton, 1976). Normally present in circulation as less than 1% 

of the erythrocyte population, reticulocytes can increase up to 30 to 

50% in the 4 days following a stimulus for increased rate of erythro

poiesis (Miale, 1972). 

Herne synthesis occurs partially in the cytosol and partially in the 

mitochondria. The growing molecule crosses the mitochondrial membrane 

twice, with the final insertion of Fe occurring inside the mitochondria. 

The synthetic process is represented in Figure 1 and is the same for all 

heme compounds (Elder, 1980). The regulation of Hb synthesis is as for 

erythropoiesis, and is primarily dependent upon adequate tissue 

oxygenation. Hypoxia has a nearly immediate effect upon kidney tissue 

stimulating the release of erythropoietin (Guyton, 1986). 

Erythropoietin acts upon bone marrow stem cells to increase hemo

cytoblast divisions by 4 to 10 fold (Cavill and Ricketts, 1980). New 
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RBCs appear in the circulation within 2 to 5 days, as evidenced by an 

increase in the number of reticulocytes seen (Cavill and Ricketts, 

1980). Erythropoietin is cleared from circulation within 24 hours 

(Guyton, 1976). 

The life span of erythrocytes ranges from 80 to 154 days (Cavill 

and Ricketts, 1980). Most old cells fragment as they pass through the 

red pulp of the spleen. The RES cells of the liver and bone marrow also 

phagocytize and digest free Rb (Cavill and Ricketts, 1980; Elder, 1980). 

Eighty-five per cent of the Fe released is returned to the plasma 

transferrin pool (Guyton, 1976). The remainder of the heme molecule is 

degraded into bilirubin and transported to the liver where it is 

converted into bile (Guyton, 1976). 

Athletes and Iron 

Reports of suboptimal Fe parameters for elite athletes are 

widespread. 1976 Canadian Olympic athletes had mean Rb values of 14.7 

-1 -1 mg•dl for males and 12.9 mg-dl for females (Clement et al., 1977) 

which are considered to be suboptimal. Similarly, DeWijn et al. (1971) 

showed that of the athletes on the 1968 Dutch Olympic team, 5% of males 

and 15% of females had suboptimal Rb values. Studies have shown that 

runners are particularly prone to anemia and have very low serum 

ferritin values, indicating a depletion of Fe stores (Brotherhood et 

al., 1975; Clement and Asrnundson, 1982; Colt and Heyman, 1984; Dickson 

et al., 1982; Dufaux et al., 1981; Ehn et al., 1980; Hunding et al., 

1981; Parr et al., 1984; Pate, 1983). Low Rb values have also been 

observed with swimmers (Rushall and Busch, 1980). However, some 



12 

studies have indicated that athletes engaged in other types of sports 

such as basketball, rowing, cycling and swimming do not demonstrate low 

Fe parameters (Cooter and Mowbray, 1978 Dufaux et al., 1981; Dickson et 

al., 1982). 

Effects of Exercise 

Several studies have demonstrated an increase in serum Fe following 

exercise. Some values are presented 1.n Table 2 (Ahlborg and Brohult, 

1967; Refsum et al., 1976). Some studies have also shown increases in 

transferrin one day post-exercise (Liesen et al., 1977) while other have 

not (Ref sum et al., 1976). Serum ferritin has been reported to be 

elevated for 6 days following severe exercise and to remain elevated by 

approximately 35% for athletes who train regularly (Dickson et al., 

1982). Fourteen days of rest are required for serum ferritin values to 

return to levels which accurately reflect Fe stores (Dickson et al., 

1982). 

Table 2. Observed serum Fe values following exercise. 

Day 1 day 
1------------+---b~efore~ __ a __ ft __ e __ r_ ..... 

70 km X-country ski race 
(Refsum et al 1976) 

-1 
xTIBC µg-dl 
x Fe µg-dl ·1 

90 min cycling(80% PWC) 

(Ahlberg & Brohult 1967) 
·-1 

x Fe µg-dl 

375 
122 

305 
174 

155 
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Subjects beginning a moderate to strenuous exercise program often 

demonstrate subnormal values for Rb, Hct, serum Fe, per cent saturation 

and RBC count in the absence of any disease process (Clement and 

Sawchuk, 1984; Lindemann et al., 1978; Pate, 1983; Refsum et al., 1976). 

This condition, known as "sports-anemia," is transient - values tend to 

stabilize at the lower end of normal within five weeks (Pate, 1983). An 

increase in mean RBC volume is observed within 1 to 2 weeks of the onset 

of the exercise program, indicating a shift in the RBC population toward 

younger cells. Thus, the body has compensated for increased RBC 

destruction by increasing erythropoiesis (Puhl and Runyan, 1980). 

Many reports of depressed Rb, RBC, serum Fe and per cent saturation 

values have been made for chronically training athletes, particularly 

endurance athletes (Frederickson et al., 1983; Mairbaurl et al., 1983). 

This condition, which is not transient and thus is distinct from that of 

sports anemia, is considered to be a state of Fe deficiency and occurs 

with significant frequency in athletes (Pate, 1983). The factors which 

contribute to Fe deficiency anemia are the same as those responsible for 

sports anemia. At the onset of training, the body goes through a period 

of adaptation to the exercise stress, evolving mechanisms of compen

sation for the increased Fe requirement. If Fe intake is sufficient to 

meet these needs, recovery occurs (as in sports anemia). However, if an 

imbalance between increased Fe loss and intake continues over a long 

period, Fe stores become depleted and an Fe deficiency results. 

Decreased concentrations of Hb and RBC must be evaluated with 

respect to increases in plasma volume seen with endurance training. 

Increases in total body Hb and RBC may occur together with a larger 
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increase in plasma volume. The resultant decrease in concentration may 

not be a true sign of anemia (Brotherhood et al., 1975; Oscai et al., 

1968; Reynett and Montgomery, 1982). 

The increase in Fe requirements by the body with exercise is 

primarily due to an increase in RBC turnover - intravascular hemolysis 

has been observed following strenuous exercise (Clement and Asmundson, 

1982; Colt and Heyman, 1984; Hunding et al. , 1981; Lindemann et al. , 

1978; Puhl and Runyan, 1980; Refsum et al., 1976; Williamson, 1981; 

Yoshimura, 1970). Circulating free Hb is bound to haptoglobin and is 

phagocytized by RES cells or is lost in the urine (Brus and Lewis, 1959; 

Dickson et al., 1982). Contributing factors to RBC destruction during 

exercise are: ( 1) an increase in the pressure to which cells are 

subjected due to increased blood pressure, increased circulation rate, 

increased compression by contracting muscle and increased pressure on 

the vascular bed of the foot during weight-bearing activities; (2) an 

increase in osmotic stress; (3) an increase in body temperature; (4) an 

increase in circulating catecholamine levels; and (5) a decrease in pH 

(Clement and Asmundson, 1982; Hegenauer et al., 1983; Puhl and Runyan, 

1980; Yoshimura, 1970). 

Other factors which increase the requirements for Fe include a 

large increase in the Fe lost through perspiration. The perspiration 

rate can be as much as 1 to 31 ml of water per day, with a loss of 40 mg 

-1 
Fe•dl water. At high perspiration rates, an extra 0.4 to ·1.0 mg of Fe 

may be lost daily (Ehn et al., 1980; Vellar, 1969). In addition, there 

is an increase in the Fe content of bile (McMahon et al., 1984). 

Ischemia of the gastrointestinal system leads to a loss of whole blood 
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in the feces (Stewart et al., 1984) and a decrease in Fe absorption (Ehn 

et al., 1980). Finally, there is an increased requirement for Fe-

containing enzymes and cytochromes as well as myoglobin in the muscle. 

Increased tissue temperature and acidosis increase muscle sarcoplasm 

permeability, leading to a loss of myoglobin to the plasma and 

subsequent excretion in the urine (Thomas and Motley, 1984). 

Iron Deficiency 

Whenever a situation arises where the Fe utilized by the body to 

replace losses exceeds the Fe absorbed from the diet, stored Fe reserves 

are consumed. Should this condition continue, the body's Fe reservoir 

may become depleted and an Fe deficiency may develop. Clinically, 

deficiencies can be categorized according to the 3 levels of severity. 

Stage I is known as an Fe deficiency or pre-latent Fe deficiency and is 

characterized by a serum ferritin value below 64 mg% according to 

Heinrich et al. ( 1977) , or 25 mg% according to Parr et al. ( 1984). 

Cavtll and Ricketts (1980) found that values below 15 mg% indicate an 

absence of storage Fe as do values below 50 mg% in a chronic in

flammatory state. In stage I body Fe stores in the liver, spleen and 

bone marrow are considered to be depleted. Stage II is known as Fe 

deficiency erythropoiesis or latent Fe deficiency. In this stage the 

deficiency has progressed from depletion of stores to an inability to 

maintain circulating Fe parameters. Serum Fe drops below 60 mg% and 

there is an increase in transferrin synthesis in an attempt to increase 

Fe transport with TIBC values exceeding 400 to 

saturation values are below 20 (Herbert, 1978). 

500 mg%. Per cent 

Characterization of 
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stage III Fe deficiency anemia is made by a drop in Hb value to below 

14 g% for adult males and 12 g% for adult females (Pate, 1983). A 

decrease in (Hct) and mean cell volume are also seen (Zilva and Patston, 

1966). 

Clinical symptoms often appear before reaching stage III (long term 

stage II) and it is thought that these symptoms are due to decreased 

levels of myoglobin, cytochromes and other Fe-containing enzymes (Conrad 

and Barton, 1981; Siimes et al., 1980). Work capacity is impaired with 

increased lactate accumulation (Nilson et al., 1981). Compensatory 

increase in cardiac output and respiration rate are seen, along with a 

decrease in co
2 

production, o
2 

consumed per litre, ventilation and tidal 

volume (Beutler and Fairbanks, 1980). An increase in the concentration 

of 2,3-diphosphoglycerate in 

dissociation at the tissue 

RBCs 

level 

is also 

(Beutler 

seen, increasing 

and Fairbanks, 

Hb-0 
2 

1980). 

Decreased Hb levels result in a decrease in the capacity for oxygen 

transport. Several researchers have demonstrated a high degree of 

correlation between decreased Hb concentrations and decreased work 

capacity, particularly at high intensities (Gardner et al., 1977; Hagler 

et al., 1981; Woodson, 1984). 

More recently, the effects of stage II vs. stage III deficiencies 

on performance have been examined. A stage III deficiency is induced 

followed by RBC infusion to restore Hb levels. These studies have 

presented conflicting results. While animal studies (Davies et al., 

1984) have shown depression of Fe-containing oxidative enzymes and 

subsequent reduction in endurance performance, human studies (Celsing et 

al., 1984) have not. Perhaps the discrepancy can be explained in that 
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while the period of induced Fe deficiency in the human studies was long 

enough (4 weeks) for enzyme turnover to have occurred, the subjects in 

these studies were adults engaged in only moderate exercise levels. It 

appears that even in severely Fe-depleted conditions the body may 

priorize Fe turnover, maintaining oxidative enzymes. However, if the 

additional stress of growth or increased exercise load are added, the 

body may no longer be able to meet these needs. 

Inflammation 

Following severe exercise, a typical acute inflammatory response 

can be identified (Liesen et al., 1977). This response includes a 

decrease in serum Fe and per cent saturation (although some forms of 

exercise have been shown to cause an increase in serum Fe - see 

Table 2). Within 6 hours of the administration of endotoxin, of the 

onset of a local inflammation, or from major surgery, an acute inflam-

matory response is seen (Roeser, 1980). The changes appear to be a 

non-specific response to any lesion involving connective tissue (Werner, 

1969) . The drop in serum Fe precedes the onset of symptoms and is 

proportional to the severity of the inflammation. An increase in 

ferritin is also observed vary rapidly and may last for 10 days to 5 

weeks following an acute inflammation (Cavill and Ricketts, 1980). In 

addition, there are changes in a group of serum glycoproteins known as 

acute inflammatory proteins or acute phase reactants. One of these is 

a
1

AT which shows an abrupt short-term increase in response to infection 

or inflammation. After the onset of symptoms, a moderate decrease in 

TIBC is seen (Roeser, 1980). 
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The mechanism by which the changes in Fe parameters occur appears 

to be based on active sequestering of Fe by the RES (Cavill and 

Ricketts, 1980; Roeser, 1980). This response may serve to decrease the 

body's susceptibility to bacterial and fungal infections by removing the 

Fe required by the invading organisms (Liesen et al., 1977). an 

increase in RES cell phagocytic activity is seen, resulting in an 

increased uptake of the transferrin-Fe complex and increased removal of 

damaged RBCs. Further transferrin synthesis by the RES is inhibited 

(DeWijn, 1971). Fe is thus removed from the intermediate plasma pool 

and is diverted into the enlarging RES ferritin pool (Roeser, 1980). A 

decrease in the absorption of Fe in the gut also occurs and is thought 

to be due to the increase in the incorporation of Fe into ferritin 

(Roeser, 1980). In addition, the Fe-binding protein lactoferrin, which 

is normally present in serum in only very small quantities, becomes 

concentrated in areas of low pH (pH 6. 4) as are found in infected 

tissue. This protein functions as a bacteriostatic agent by binding Fe, 

further rendering it unavailable to invading bacteria (Roeser, 1980). 

This phenomenon may be important during high-intensity exercise-induced 

inflammation due to the drop in pH which occurs in the exercising muscle 

with the accumulation of lactate. Finally, the increased lysosomal 

activity found during an inflammation may lead to an increase in the 

denaturation of ferritin into hemosiderin deposits (Roeser, 1980). This 

would decrease the quantity of Fe available in the form which is readily 

mobilized. 

Chronic inflammation produces a state where adequate levels of 

storage Fe are found, however, the serum Fe and TIBC are suppressed (per 
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cent saturation is normal) (DeWijn et al., 1971). Absorption of Fe 

continues to be suppressed, the life span of RBCs is shortened, and Fe 

sequestering is also continued (Roeser, 1980). Administration of ACTH, 

prednisolone or other steroids leads to a rapid increase in serum Fe and 

a slower increase in TIBC as the RES cells release their enlarged stores 

of Fe (Roeser, 1980). 

Alpha-1-antitrypsin is one of ten known proteins that are 

functionally classed as protease inhibitors (PI). Comprising in the 

order of 10% of all plasma proteins, PI are very important in the 

control of proteolytic regulated processes (Heimburger, 1975). PI act 

by tightly binding active proteases, thus limiting the action of the 

protease. a
1

AT is one of the most predominant PI in both concentration 

and activity (Travis et al., 1974). Synthesized in the liver, a
1

AT is 

composed of a single polypeptide chain (MW approximately 55,000 daltons) 

with 12% carbohydrate (Jeppsson and Laurell, 1974). Its small size is 

thought to allow easy migration from the circulation to tissues, 

particularly when vascular permeability is increased (as in infection 

and inflammation) (Travis et al., 1974). a
1
AT-protease complexes have 

not been found in plasma, thus it is though that th complex may be 

eliminated through the lymphatic system (Jeppsson and Laurell, 1975), or 

that the inactivated protease may be passed off to a
2
macroglobulin for 

transport by plasma to the liver and hence, eliminated (Travis et al., 

1974). 

At least 23 alleles of a
1

AT have been identified, a number of which 

result in deficiency phenotypes of varying degrees (Jeppsson and 

Laurell, 1974). In a Swedish population tested for only 2 of these 
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forms, 5% were found to have depressed serum levels of a
1
AT. Of those 

with subnormal values, 1% were pathogenic, developing pulmonary 

emphysema or juvenile cirrhosis (Jeppsson and Laurell, 1974). 

The mechanism of action of the PI Is not yet fully known. It is 

most likely initiated by a proteolytic attack on the PI Leading to 

hydrolysis of a critical peptide bond in the reactive centre, and 

subsequent acylation of the catalytic site of the protease (Heimburger, 

1975). While there is agreement that the protease is firmly bound that 

thus inactivated by the PI, there is some contention as to whether 

different proteases attack, and are bound at the same, or different 

sites in 1:1, or greater ratios (Heimburger, 1975; Jeppsson and Laurell, 

1975). 

The specificity of a1 AT for proteases is broad, exerting control 

over infection and inflammation by preventing the autodigestion of 

tissue and uncontrolled side effects of the coagulation system. The 

major biological function is thought to be the inactivation of proteases 

released mainly intercellularly by granulocytes in response to infection 

or tissue damage (Heimburger, 1975; Jeppsson and Laurell, 1975). 

Specifically, a
1

AT has been reported to bind and subsequently inactivate 

plasmin, prekallikrein activator and plasma kallikrein, acrosin, 

pancreatic trypsin, chymotrypsin and elastase, granulocytal trypsin, 

elastase and collagenase, skin and synovial collagenases and some 

bacterial proteinases (Heimburger, 1974; Jeppsson and Laurel!, 1974 and 

1975). Thus, this PI functions to control fibrinolysis, vasodilation, 

fertilization, pancreatic hydrolysis and tissue lysis in infection and 

inflammation (Heimburger, 1975). The resynthesis of a1AT is very rapid, 
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replacing eliminated PI-protease complexes (Heimburger, 1975), and an 

overshoot phenomenon is widely recognized as the acute inflammatory 

response (Werner, 1969) . Increased plasma concentrations of a.
1 

AT are 

often seen in conditions of accelerated growth such as pregnancy, 

childhood, tumors, and tissue regeneration following surgical trauma 

(Werner, 1969) and severe exercise (Liesen et al., 1977), confirming its 

role in the control of repair, morphological change, and growth of 

tissue (Heimburger, 1975). 

Energy Utilization During Exercise 

Exercise may be defined according to duration and intensity. 

Short-term exercise at intensities which exceed vo
2

max utilize energy at 

a rate greater than that at which aerobic sources produce energy. In 

the initial 15s of exercise, primarily alactic anaerobic energy sources 

are utilized. These sources are thus named because, although anaerobic 

pathways are used, originally lactate was not thought to be produced 

(Knuttgen and Saltin, 1972; Saltin and Essen, 1971). More recently, 

improvements in technology have revealed that in fact, some lactate is 

produced, even in the initial 10s of exercise (Jacobs et al., 1983). 

Phosphogen compounds stored in the muscle provide an immediate source of 

energy at a very fast rate, producing a high power output. After 5 to 

10s of exercise at supramaximal intensity, the lactate system begins to 

produce energy anaerobically. It becomes the dominant energy-producing 

system from approximately 30s up to 2 min of exercise (Pernow and 

Wahren, 1968). Stored muscle glycogen is broken down into glucose 

units, passed through the glycolytic pathway to produce two pyruvate per 
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glucose molecule and finally, is reversibly converted into lactate. The 

capacity of the lactate system is much larger than that of the 

phosphogens. However, the rate of energy production is slower, conse

quently, the maximum power output which can be achieved is also lower 

(Jacobs et al., 1983; Pernow and Wahren, 1968; Saltin et al., 1971). 

The rate and quantity of glycogen degradation in muscle is 

dependent upon the intensity of exercise performed. After approximately 

one minute of supramaximal exercise, glycogen levels in fast twitch 

glycolytic muscle (FT) fibres begin to show depletion. At 3 min the FT 

fibres are largely depleted. If exercise is continued, the slow twitch 

oxidative (ST) fibres are recruited and also show glycogen depletion 

(Gollnick et al., 1973b and 1974). 

At high exercise intensities, lactate is produced from pyruvate 

with the regeneration of nicotinamide adenine dinucleotide (NAD+) from 

the reduced (NADH) form. The reaction is driven forward by the build-up 

of NADH when the rate of energy production (via the glycolytic pathway) 

exceeds the rate at which the electron transport chain can accept 

electrons (from NADH) for oxidative phosphorylation (Graham, 1978). 

This occurs when the rate of energy utilization exceeds the rate of 

energy production via the oxidative pathway. Thus, blood lactate 

concentrations can provide an indication of the degree to which the 

anaerobic glycolytic system is activated (Gollnick and Hermansen, 1983). 

Lactate is a small, rapidly diffusing molecule. However, 

approximately 5 min from the onset of submaximal exercise are required 

for the concentrations of blood and muscle lactate to reach equilibrium 

(Daimant et al., 1968). Further increases in submaximal exercise 
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intensity produce peak blood lactate values after 2 min at each workload 

(Mader et al., 1978). Due to the long time span required for equili

brium to be achieved, blood lactate is not only a measure of lactate 

production but also reflects the rates of lactate diffusion and removal-

utilization (Daimant et al., 1968). At intensities greater than 90% 

V0
2

max, there · is a continuous increase in blood lactate concentration 

until exhaustion (Gollnick and Hermansen, 1973). 

Training decreases the concentration of blood lactate at a given 

submaximal workload, but increases the maximum value that can be 

produced (Gollnick and Hermansen, 1973). Increased concentrations of 

glycogen and glycolytic enzymes, increased buffering capacity and 

increased mental tolerance all contribute to the increase in maximum 

value (Gollnick et al., 1973a). However, in order for training to 

induce these changes the intensity during training must be high enough 

to load the glycolytic system and result in high blood lactates 

(Gollnick et al., 1973a). 

Although the time course of lactate accumulation is coincident to 

the development of fatigue, no causal relationship has been clearly 

demonstrated (Meyerhof, 1925; Assmussen et al., 1948; Karlsson, 1971). 

Hermansen and Osnes (1972) conducted a study where successive bouts of 

maximal effort were carried out to exhaustion, followed by only a brief 

recovery period. The blood lactate concentration at the beginning of 

successive bouts was greater than the concentration at the point of 

exhaustion in the previous exercise period. Thus, the exhaustion seen 

was not due to lactate accumulation. However, increasing concentrations 

+ 
of free H are known to have an inhibitory effect on two major 
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glycolytic enzymes, phosphofructokinase and phosphorylase, slowing the 

rate of energy production (Hermansen and Osnes, 1972). It has also been 

suggested that 
+ 

H interferes with the actin-myosin coupling during 

cross-bridge formation (Fuch et al., 1970). Thus, the capacity of the 

bicarbonate and protein buffering systems to prevent the accumulation of 

+ free H would affect the rate of development of fatigue. In addition to 

lactate, other metabolites may accumulate in exercising muscle and 

induce fatigue (Assmussen, 1979) and neural factors may also be involved 

(Plyley, 1981). 

The supply of energy to exercising muscle must be adequate or 

fatigue will develop (Bergstrom et al., 1971). Thus, the activities of 

the rate-limiting enzymes of the glycolytic and oxidative pathways, as 

well as the supplies of substrates to these enzymes, are crucial. 
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METHODOLOGY 

Introduction 

Of the experiments performed to examine the serum Fe response to 

high-intensity exercise, 7 were selected to illustrate the progression 

of the investigation. Experiment 1 was the first full experiment that 

was run, and as such served to identify some of the difficulties in 

working with a heterogeneous human population sample. Each successive 

experiment sought to isolate and examine 1 distinct variable which was 

suspected to have an influence on the serum Fe response to the high-

intensity exercise stimulus. Experiment 1 examined the reticulocyte 

response; experiment 2 the ef feet of aerobic work; experiment 3 the 

effect of a decrease in the duration of the exercise stimulus; 

experiment 4 was a control group; experiment 5 examined the effect of 

long-term endurance training; experiment 6 the effect in elite athletes; 

and experiment 7 the effect of a short-term anaerobic training program. 

This progression is illustrated in Figure 2. 

For the most part the experiments followed the same protocol. The 

original design was basic to all experiments and is described in the 

following sections. Any deviations from the basic procedure are 

outlined at the start of the respective experiments. 

Subjects 

Subjects are described independently for each experiment. A 

pre-screen was carried out on all volunteers to ensure all had normal 

values for Hb, Hct, serum Fe, TIBC and per cent saturation. All 



SERUM Fe RESPONSE TO HIGH INTENSITY EXERCISE 

trained subjects 

,, 
EXP.5: Examine the effect of long term AeT on 

the Fe response 

untrained subjects 

EXP. 1 : Examine the acute response of Fe to 
high intensity exercise 

EXP. 2 : Examine the effect of moderate Ae T on baseline Fe and 
on the acute response of Fe to high intensity exercise 

EXP.6: Examine the effect of chronic high volume 
T on the Fe response. 

Exp. 7: Examine the effect of short term AnT in 
previously UT subjects on Fe response 

EXP.3 : Examine the effect of a reduction in the volume 
of the exercise stimulus 

,, 
EXP .4 : Examine baseline Fe in subjects exposed to mental 

stress without physical stress 

Fig . 2: A flow chart-describing the progression of questions posed by the seven experiments included in th is 
investigation of the serum Fe response to high intensity exercise. Ae: aerobic; An : anaerobic; T: training ; 

UT: untrained. 
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subjects were required to abstain from the use of alcohol, drugs, 

dietary supplements and any additional physical training during the 

testing periods. Informed consent was obtained and the rights and 

privileges of the subjects were observed in accordance with the 

University of Calgary Ethics Committee. 

Testing and Training Sequence 

All subjects reported to the laboratory each weekday morning of the 

test period. A 10 ml blood sample was collected by venipuncture between 

8:30 and 9:30 a.m., in view of the diurnal variation in serum Fe (Zilva 

and Pats ton, 1966). Samples drawn on day 1 and day 2 were used to 

establish each individual's resting or baseline values. Exercise was 

performed on day 2 following the resting blood sample. Day 3 morning's 

sample reflected the ef feet of the exercise bout, while days 4 and 5 

were used to monitor recovery (Figure 3). 

Physiological Testing Procedure 

Work bouts for experiments 1-5 and 7 were performed on a Cambi 

Powermax electrically braked cycle ergometer with toe clips. The 

resistance setting (kp) used was proportional to body weight (0.092 x kg 

body weight for Physical Education students, 0.112 x kg body weight for 

elite athletes) to maximize power output (Smith, 1987; Smith and Stokes, 

1985). Saddle height was adjusted for a fully extended leg on the pedal 

downstroke, and a 2 min warm-up performed (heart rate of 120 b•min-
1

) 

prior to each exercise bout. 
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MON TUES WEDS rTHURS FRI 

8:30 - 9:30 am 
blood sample blood sample blood sample blood sample blood sample 

baseline baseline 20 hr response recovery recovery 

10:00 - 4:00 pm 
exercise 
stimulus 

Fig. 3 : The basic experimental protocol used. Subjects were requested not to engage in any 
additional exercise training outside of that included in the experimental design. 
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Exercise bouts consisted of one or two 30s "all-out" efforts. 

Subjects tried to complete as many revolutions as possible in a 30s 

period. Mean power output was calculated relative to body weight. When 

two 30s efforts were performed, the rest interval was 90s. The duration 

of the rest interval was chosen to maintain stress on the ATP-CP and 

lactate systems (Fox and Matthews, 1981). 

Cycling was chosen as the mode of exercise due to the minimal 

amount of mechanical stress produced, and the low degree of skill 

required. Studies of exercise-induced intravascular hemolysis suggest 

that the mechanical stress of weight-bearing activities such as running 

is a major factor in RBC destruction (Dufaux et al., 1981). 

Biochemical Analysis 

Blood samples collected in the mornings were immediately divided -

1 ml was mixed with 0.-04 ml 7.5% EDTA (K
3

) solution and stored at 4°C, 

and the remainder was allowed to clot at room temperature before 

centrifugation at 1500 x g for 10 min. 

analysis was performed within 5 days. 

Serum was stored at -20°C and 

All materials used for collection, storage and analysis were 

Fe-free. Serum Fe and TIBC were measured colorimetrically using 

ferrozine, which forms a magenta complex with ferrous ions (Sigma 

Diagnostics, procedure no. 565). At acid pH (4.5) in the presence of a 

mild reducing agent (hydroxylamine hydrochloride 1. 5% w/v in acetate 

buffer), transferrin-bound serum Fe dissociates forming ferrous ions. 

The increase in absorbance at 560 nm is proportional to the concen-

tration of serum Fe initially bound to transferrin. Rb-bound Fe 
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released into the serum from RBC hemolysis is not measured by this assay 

as the reducing agent used is not strong enought to effect Rb-Fe 

dissociation (Sigma Diagnostics). At alkaline pH, excess ferrous ions 

bind to transferrin at unsaturated Fe-binding sites. Remaining unbound 

ferrous ions are measured as above, and the difference between this 

amount and the total amount added to the serum is equal to the amount 

which is bound to transferrin. This amount (unbound Fe-binding 

capacity) is added to the value for serum Fe in order to calculate the 

TIBC (Sigma Diagnostics). Per cent saturation was calculated from these 

results: per cent saturation = (serum Fe/TIBC) x 100. Acutrol 

standards (Sigma Diagnostics) were run with every set of samples. 

Whole blood on EDTA was analyzed for Rb, Hct, RBC and reticulocyte 

counts within 24 hr of collection. Two capillary tubes of well-mixed 

whole blood were centrifuged for the determination of Hct. Hb analysis 

was performed using a modified Drabkin method (Fisher Diagnostics). 

Calibration was performed using Cyanmethemoglobin Standard (Fisher 

Diagnostics). RBC counts were performed using a Coulter counter. 

Dilutions were made in triplicate with Sahli pipettes; 0.02 ml of 

well-mixed whole blood was mixed with 10 ml of electrolytic diluent 

(Isoton). A further 0.1 ml of this solution was mixed with an 

additional 10 ml of electrolyte to give a 1/50 ,000 dilution (Coulter 

Scientific). 

Reticulocyte counts were made using a vital stain. The stain was 

prepared by dissolving 0.5 mg of new methylene blue and 1.6 mg potassium 

oxalate volumetrically in 100 ml double distilled water, and was 

filtered prior to use. Well-mixed whole blood (0.5 ml) was mixed with 
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an equal volume of stain and incubated for 15 min prior to making a 

blood smear slide (Miale, 1972). The number of reticulocytes seen while 

counting 1000 RBC, divided by 10 equals the per cent reticulocytes 

present. This number was multiplied by the RBC count to estimate the 

absolute number of circulating reticulocytes. An increase in the number 

of circulating reticulocytes is considered to indicate that an excessive 

demand for new RBC has occurred (Davidshon and Henry, 1969; Miale, 

1972). 

Analysis of a
1 

AT from serum was by fully automated rate-limiting 

nephlometry (reagents supplied by Beckman Canada), performed at the 

Foothills Hospital laboratory·. 

Blood lactate concentrations were measured after each 30s effort. 

Three-min post-exercise samples were collected into 2 ml sodium fluoride 

vacu tainers by venipunc ture. Immediately afterwards, 100 µ1 of blood 

was mixed into an RBC lysing agent, cetrimonium bromide. Prepared tubes 

were obtained from YSI (Yellow Springs Instruments). The lysed whole 

blood was stored at 4°C until analysis which was performed within 48 hr. 

Blood lactate concentration was assayed enzymatically using L-lactate 

oxidase to convert the lactate in the sample into hydrogen peroxide. 

Formation of hydrogen peroxide is proportional to the amount of lactate 

originally present in the sample and was measured by a platinum anode in 

the sensor probe of the YSI Model 27 Lactate Analyzer. Analysis was 

f d · d 1 · standards (5 mmol .1-l and per orme 1.n up 1.cate to ensure accuracy, 

. -1 
15 mmol.l ) were run between every sample. 
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Two slides were prepared from one sample. Three counts were made 

on each slide (Appendix 33). The reticulocyte counts ranged from 0.15% 

to O. 59%. A reliability coefficient of .41 was calculated (Ferguson, 

1976), suggesting that the reliability was poor. Error in counting 

reticulocytes may arise from several sources; the slide must be well 

spread and well stained, the visual acuity and patience of the counter, 

the quality of the microscope, the adherence of stain particles to RBC, 

and the decision as to what constitutes a reticulocyte. Cartwright 

(1963) suggested the 95% confidence limit as: 

R(lOO - R) 
N 

where R =percent reticulocytes and N = number of RBC counted. Thus, a 

1% reticulocyte count could range from .4 to 1.6% within the 95% confi

dence limit. This level of reliability would preclude the observation 

of any day-to-day changes. However, it would still allow observations 

of changes in the order of 30%, as have been reported to occur within 

4-5 days an an hypoxic stimulus (Miale, 1972). 

Serum Fe 

Blood samples were collected on 2 consecutive days from each of 2 

subjects. Each day 1 sample was collected from the right arm and 5 min 

later anotber sample was drawn from the left arm. Each sample was 

analyzed in duplicate (Appendix 33). The reliability coefficient was 

0.73. 
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Statistical Analysis 

The statistical analysis included 2-way analysis of variance with 

repeated measures on 1 factor (BMDP 4V program, University of Calgary 

Academic Computing Services), followed by one-tailed paired t-tests for 

identification of significant mean differences. Pearson product-moment 
r 

correlation coefficients were also calculated (Ferguson, 1976) for the 

relationship between serum Fe and a
1
AT. 

All means are report ±1 standard error of the mean (±SE). 
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RESULTS AND DISCUSSION 

EXPERIMENT 1 

Purpose 

The purpose of this experiment was to examine the acute effects of 

short-term high-intensity exercise upon serum Fe, a
1

AT and reticulocyte 

counts in untrained subjects. 

Subjects 

Nine physical education students volunteered for this study. Mean 

(±SE) age, height and weight were 21 ± 1 years, 180.2 ± 3.2 cm, and 71.3 

± 2. 3 kg, respectively. Hb, Hct and serum Fe values were all normal 

(CML, 198 7) (Appendix 1). Eight of the subjects repeated the exact 

experimental procedure on two consecutive weeks. Testing was carried 

out just prior to mid-term exams. Although all subjects agreed not to 

participate in any activities other than the test exercise, some 

subjects were engaged in courses which required active participation. 

Physiological Testing Procedure 

Several months prior to this study, two of the subjects performed 

trial bouts to determine the volume of exercise that was the minimum 

required to elicit an increase in serum Fe. Based on these trials, 2 

30s "all-out" bouts were selected. 
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Results 

There was no significant difference between the first and second 

weeks for any variable measured, consequently, the data were examined as 

17 trials. Blood parameters measured over the experimental period were 

within normal limits (Appendix 1). However, one subject had an a
1

AT 

value (0.73 g•l-l) which fell outside the normal level (0.93-2.24 g•l-l, 

Foothills Hospital, 198 7). The data were included in the study as 

subsequent investigation by a physician had indicated that this value 

was non-pathological. Raw data for serum Fe, per cent reticulocytes 

(reties), absolute reties, RBC count and a 1AT are presented in 

Appendix 2, together with the daily mean (±SE) values. Individual mean 

power outputs for each 30s exercise bout and peak blood lactate concen

trations (3 min after the second exercise bout) are presented in 

Appendix 4. The group mean (±SE) mean power output for the first and 

second exercise bouts on the Combi Powermax cycle ergometer were 11.3 ± 

-1 .2 and 9.2 ± .3 watts•kg , respectively. The mean (±SE) peak blood 

-1 
lactate concentration was 16.2 ± .6 mmol•l . 

The data were divided into two subgroups based on the individual 

response of serum Fe to the exercise bout. Group A consisted of 7 out 

of 17 (41%) trials showing an upward shift in serum Fe within 20 hr of 

the exercise bout, with mean increase of 27 ± 6 µg•dl-l (20% change). 

Group B included the other 10 (59%) trials which showed a downward shift 

in serum Fe within 20 hr of the exercise bout, with a mean decrease of 

-1 
33 ± 9 µg•dl (27% change). The mean (±SE) data for the two groups are 

summarized in Table 3. 



Table 3. Mean (±SE) values before and after a supramaximal exercise stimulus 
(2x30s, r 90s) for untrained subjects. Data was grouped based upon the 
serum Fe response (group A: increase, group B: decrease) to the exercise 
stimulus. 

PARAMETER DAY 

ilB i~,1n!I ; 11!1~1:1 ; 11m!e~1 i~,,1• 1 !ij~;;~111 
Fe (µg•df

1
) 

A 
B 

Retie% 
A 
B 

Ab Retie 
( 0 106.i-1) 

A 
B 

RBC 
(•101~r1) 

A 
B 

Power Output 
(watts•kg-1 ) 

Bout 1 
A 
B 

Power Output 
(watts•kg-1) 

Bout 1 
A 
B 

Peak Lactate 
(mmol•1 -1 ) 

A 
B 

92 ± 6 
107 ± 14 

.23 ± .03 

.38 ± .05 

108 ± 3 
127 ± 9 

1.47 ± .14 
1.45 ± .10 

.34 ± .06 

.50 ± .05 

@* 135 ± 6 
@* 93 ± 10 

1.45 ± .14 
@1.sa ± .12 

.40 ± .04 

.44 ± .03 

104 ± 10 95 ± 10 
107 ± 12 102 ± 11 

1.46 ± .14 
1.53±.11 

.31 ± .05 .31 ± .08 

.44 ± .05 .43 ± .04 

10.00 ± 1.28 15.11 ± 2.84 17.21 ± 1.89 13.60 ± 2.0113.89 ± 3.48 
16.42 ± 2.07 21.06 ± 2.2318.32 ± 1.11 19.14 ± 2.1418.12 ± 1.59 

4.36 ± .12 
4.35 ± .10 

4.43 ± .10 4.31 ± .08 4.33 ± .08 4.42 ± .10 
4.19 ± .11 4.19 ± .09 4.35 ± .07 4.28 ± .09 

11 .3 ± .1 
11 .3 ± .1 

9.5 ± .2 
9.1 ± .1 

16.7 ± .5 
.15.9 ± .2 

* Group A significantly different from group B p<.01. 
@ Significantly different from pre-exercise value p<.025. 

-36 
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Group A was not significantly different from group B for a
1 

AT, % 

retie, absolute retie, RBC count, mean power output, or peak blood 

lactate concentration. However, a significant difference was seen 

between the two groups for serum Fe on the day following exercise only, 

day 3 (Figure 2). In addition, 20 hr post-exercise values for serum Fe 

for both groups A and B and for a
1

AT group B were significantly 

different from pre-exercise values. The difference between groups A and 

B for a
1

AT on the day following the exercise stimulus appears to show a 

reciprocal relationship with the shift in serum Fe. Of 17 trials, 14 

(82%) showed a decrease in a
1

AT when an increase in serum Fe occurred, 

or an increase in a
1

AT when a decrease in serum Fe occurred. However, 

the correlation coefficient (r) for these two variables was very low at 

-0.10, indicating no relationship existed. 

Discussion 

The mean (±SE) power output obtained for the first 30s "all-out" 

exercise bout was comparable to values obtained elsewhere for well

-1 
trained athletes 11.4 ± .2 watts•kg , Smith & Stokes, 1985), but higher 

-1 
than those reported for physical education students (9.1-9.3 watts•kg , 

LaVoie et al., 1984; Smith, 1987). Furthermore, the mean (±SE) peak 

-1 
blood lactate concentration was higher than that of 13.3 ± .5 mmol•l 

as reported by Goslin and Graham (1985) for fit young men and women. 

This may be due in part to the use of a higher resistance setting factor 

and the subsequent greater power outputs achieved (Smith and Stokes, 

1985). 
-1 

Blood lactate concentrations in the order of 15-20 mmol•l have 

been reported to represent maximal effort and suggest that a maximal 



38 

anaerobic contribution was required to meet the very high intensity 

energy demand (Hermansen and Osnes, 1972; Mader et al., 1978; Smith and 

Roberts, 198 7) • Thus, the 2 x 30s "all-out" effort used in this 

experiment can be considered to have elicited a very high degree of 

glycolytic anaerobic stress. 

The serum Fe response from day 2 to day 3 reveals the acute effect 

of the high-intensity exercise stress. The trials were divided into 2 

distinct groups based on this response. Group A showed a significant 

increase in serum Fe while group B showed a significant decrease. 

The relationship between groups A and Bis illustrated graphically 

in Figure 4. Serum Fe and a.
1 

AT appeared to respond in a reciprocal 

manner to the exercise stimulus with the values for the 2 groups 

diverging from one another. In contrast, measures of glycolytic 

capacity, mean power output and lactate concentrations were not 

different for the two groups. A possible explanation for the differing 

responses of the two groups for serum Fe, but not for measures of 

glycolytic capacity is found in the acute inflammatory response. If the 

degree of stress produced by the exercise session was greater than that 

to which an individual is normally exposed, then the individual may 

experience local muscle inflammation. This can be considered to indi

cate that the exercise stress exceeded the capacity of the individual to 

perform this type of work. Several reports of this type of inflammation 

following severe exercise have been made elsewhere (Dufaux et al., 1984; 

Liesen et al., 1977). The response of a sharp drop in serum Fe and an 

increase in the acute inflammatory proteins has been well-characterized 
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as the typical response to acute inflammation (Cavill and Ricketts, 

1980; Roeser, 1980). Indeed, the trials in group B show this charac

teristic response with the significant decrease in serum Fe and the 

significant increase in the acute inflammatory protein, a
1

AT. Although 

a reciprocal relationship was seen in 76% of the trials, the reverse 

correlation coefficient for these two variables was very low, indicating 

no relationship existed (Figure 5). 

Werner (1969) reported maximum a
1

AT concentrations were seen 3 days 

post-operatively, but he did not collect samples for days 1 and 2. The 

results of this experiment indicated the greatest degree of change in 

a
1

AT within 20 hr of the exercise stimulus. This is in agreement with 

the results of Liesen et al. (1977). 

It is suggested that group A demonstrated the response of those 

individuals for whom the exercise stress fell within their capacity for 

high-intensity exercise. These subjects did not show indications of 

muscle inflammation, but rather a mobilization ·of Fe stores was observed 

(increase in serum Fe by 20%) together with a slight drop in a
1
AT. It 

is possible that the mobilization of Fe stores was stimulated by hypoxic 

conditions in the exercised muscle. However, the reticulocyte counts 

did not increase as would be expected in this type of response 

(Davidshon and Henry, 1969; Guyton, 1976; Miale, 1972). This may have 

been due to the local nature of the anaerobic stress not having produced 

a large enough degree of hypoxia in the body to induce the release of 

erythropoietin. An alternate suggestion might be that the time span for 

the appearance of new reticulocytes in response to erythropoietin (up to 

4 days; Miale, 1972) was too long for the reticulocyte count change to 
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be observed in this study which lasted only 5 days. If this had been 

the case, one would have expected to see a change in the second week of 

testing, if not the first. However, no change of any significant 

magnitude or direction was observed over either week. Unfortunately, the 

measurement of erythropoietin was beyond the resources available. Thus, 

the question as to whether the increase in serum Fe was in response to 

the exercise-induced hypoxia, or was due to a reduction in the Fe 

sequestering activity of the RES system with a decrease in inflammatory 

activity, remains unanswered. Other possible explanations for the 

increase in serum Fe response exist. Several studies reporting altered 

Fe concentrations following strenuous exercise have attributed at least 

part of raised serum Fe values to exercise induced intravascular 

hemolysis (Ahlberg and Brohult, 1967; Lindemann et al., 1978; Refsum et 

al., 1976). However, none of these studies have been able to correlate 

other indicators of hemolysis to the time frame or magnitude of serum Fe 

changes. Furthermore, as explained in the methodology section, the 

assay used to measure serum Fe in this experiment does not measure 

Rb-bound Fe free in serum (Sigma Diagnostics, direct communication). 

Reports of increased plasma concentrations of cortisol, aldosterone 

and ACTH have been made at exercise intensities greater than the 

critical intensity of approximately 60% vo2max (Davies and Few, 1973; 

Farrell · et al. , 1983) . Farrell et al. ( 1983) showed a correlation 

between lactate concentration and ACTH and cortisol levels, and 

suggested that hypoxia may be the linking factor. This is supported by 

reports of raised cortisol and aldosterone levels at moderate altitudes 

(2000 m) (Humpeler et al., 1980). As administration of ACTH and 
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(Humpeler et al., 1980). As administration of ACTH and cortisol have 

been shown to lead to increased serum Fe levels (Roeser, 1980), perhaps 

the mechanism for the group A response lies in an hormonal response to 

stress. This area requires further investigation. 

The 30s mean power output cycle ergometer test is widely used by 

athlete testing laboratories to evaluate anaerobic power (Bouchard et 

al., 1982). Together with blood lactate concentration following a given 

workload, it has been considered as a measure of glycolytic capacity and 

anaerobic fitness (Jacobs, 1986). However, when the data from this 

experiment are examined, a distinct difference is seen between the 

groups (A and B) in the capacity of an individual to cope with high-

intensity anaerobic exercise. This occurs without any observed 

difference in the generation of anaerobic power over 30s, nor in the 

concentration of lactate in the blood 3 min post-exercise. Thus, 

groups A and B differ in some way which alters the acute metabolic 

tolerance (shifting serum Fe and other variables) for anaerobic stress. 

This difference may be representative of either the presence or absence 

of an inflannnatory response originating in the exercised muscle. Thus, 

high-intensity exercise may include both the ability to perform work 

under anaerobic conditions, and the ability to tolerate changes in 

homeostasis thus produced. 

Throughout the experimental time period all variables measured 

showed a very large degree of baseline variation. Indeed, when the 

magnitudes of change for individuals are measured, the response to 

exercise is no larger than some of the baseline fluctuations. However, 

previous observations with members of several different national teams 
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indicated that the daily values for serum Fe were very uniform (even 

when examined on an individual basis), except following high-intensity 

exercise (Table 4). The day after a high-intensity workout, all team 

members would exhibit an increase in serum Fe. Exceptions were seen in 

the case of less fit rookie team members or extremely fatigued or ill 

individuals who would show a decrease. The teams as a group showed a 

decrease in serum Fe on the day following a free weights workout, one 

which is known to produce local muscle inflammation (Fox and Matthews, 

1981; Friden, 1984) (Table 4). 

The non-significant differences seen between the two groups for 

reticulocyte counts were questionable. In view of the excessive amount 

of variability in the reliability study for the reticulocyte counts, S 

error may have occurred, thus missing the identification of small shifts 

in the RBC population. 

reliability section. 

This matter is discussed further in the 

Another discrepancy was noted in that several of the subjects who 

participated in the study had different results from those seen in 

trials over the summer prior to the study. Whereas these subjects had 

shown a group A response with an increase in serum Fe during the summer, 

they showed a group B response during the school term. The quantity and 

quality of exercise in which they participated outside of the test 

situation had not changed, thus there was no change in anaerobic 

training status (high-intensity exercise capacity). Similarly, no 

change in mean power output was seen. The only observed change was in 

the reports of increased mental and emotional stress. 
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Table 4. Serum Fe values for a group of elite male speedskaters. Blood samples were collected 
on consecutive mornings at 8:00 A.M. 

a) Serum Fe values (µg•dl -
1

) before and after a high intensity short interval workout. 

.:-:,:-:-:•:• ,·.:-:• :•:•:•:::::•:::.:::::::::::::::::::::::;::::::::::: 

2 

3 

4 

5 

6 

x 

SE 

113 

119 

80 

91 

73 

63 

85 

10 

108 119 

111 118 

87 86 

86 75 

77 79 

55 54 

87 89 

9 10 

b) Serum Fe values (µg•dl -1) before and after a free weight workout. 

DAY 
:-:,·-:,:-:-:-:-:-:-:-:-:-:-:-:-:-·-·.· 

ifl//§ilP!Ji:i~ 

1 130 127 143 

2 98 99 86 

3 104 107 102 

4 100 110 106 

5 134 139 132 

6 121 125 129 

x 112 118 116 

SE 8 6 9 

* Significantly different from pre-exercise value p<.01. 

156 

123 

181 

122 

145 

104 

• 139 

11 

117 

67 

71 

83 

87 

104 

·88 

8 
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These observations lead to the identification of several questions. 

The first, as described in the preceding paragraph, is one of external 

mental/emotional stress. This factor appears to be very difficult to 

isolate and quantify due to its subjective nature. The second factor 

arises from the large degree of day-to-day variability in baseline 

values for individuals observed in this experiment as compared to 

observations made with national team members. The environment under 

which these teams train produces a very homogeneous group in terms of 

exercise capacity. National team members train very heavily and this 

external exercise load may serve to modulate the effects of mental 

stress. Experiments 2 to 6 attempt to isolate these variables. 

In summary, experiment 1 demonstrated that high-intensity exercise 

produces significant acute changes in serum Fe with two different groups 

emerging. Individuals who showed a decrease in serum Fe generally also 

showed evidence of inflammatory processes in a significant increase in 

Individuals who showed an increase in serum Fe did not demon-

strate the increase in a
1 

AT. No di£ ferences were seen between the 

groups for indicators of increased RBC formation, nor for indicators of 

glycolytic capacity (power output and peak blood lactate concentration). 

Anecdotally reported external stresses appeared to have an effect upon 

this response as well. 
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EXPERIMENT 2 

Purpose 

The purpose of this experiment was to examine the effect of 30 min 

of aerobic training per day upon the variability of serum Fe at rest and 

with short-term, high-intensity exercise in untrained subjects. 

Subjects 

Seven physical education students volunteered for this study. Mean 

(±SE) age, height and weight were 20 ± 1 years, 181.3 ± 2.2 cm, 71.0 ± 

2. 9 kg, respectively. Blood · parameters tested all fell within normal 

limits (CML, 1987) (Appendix 1). Testing was carried out during the 

second-last week of the semester. Subjects were requested to report all 

external stress including exercise, sleep loss and meals missed. This 

was done in an anecdotal manner. 

Physiological Testing Procedure 

Subjects pre-trained for 1 week prior to the study. A submaximal 

test (Pwc
170

) was performed on the cycle ergometer to provide estimates 

of vo
2
max (Wahlund, 1948), and hence, training heart rates. Subjects 

exercised for 30 min Monday through Friday at 70% vo2max. They con

tinued this workout during the testing week, excluding the high

intensity test day which was day 3. The remainder of the protocol was 

exactly the same as that used for experiment 1 (Figure 6). 
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MON lUES WEDS 1HURS FRI 

Experiment 2 PWC 170 30 minAe70% 30minAe70% 30 minAe70% 30 min Ae 70 % 
Week 1 : Pre-Train 

Experiment 2 
Week 2 : Experimental 

8:30-9:30 bloodsalr4)1e bloodsan'4)18 blood san'4)le blood sa"1)18 blood sample 
(baseine) (baseline) (20 hr post stin) (recovery) 

exercise stim. 
PWC170 30min"'370% 2 x 30s, r90s 30minAe70% 30mnAe70% 

Experiment 3 
Week 3: Experimental blood sa"l)le bloodsalll)le bloodsa"l)le blood salr4)le blood sarll)le 

8:30-9:30 (baselne) (baseline) (20 hr post stim) (recovery) 

FWC170 30 min Ae 7<:13/o exercise stin. 30minAe70% 30minAe70% 
1 X 30 S 

Fig. 6 The experimental protocol used for experiments 2 and 3. The same subject group of untrained 
physical education students was used for these two experiments. Aerobic exercise was at a heart rate 
equal to 70% max as estimated from the PWC 170 test, performed on a Monar1< ergometer. The exercise 
stimulus was a supramaximal effort performed on a Combimax cycle ergometer. 
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Results 

Values obtained for serum Fe are presented in Appendix 4. All were 

within normal range (CML, 1987), and mean values were comparable to 

those obtained in experiment 1. A resting value was calculated by 

taking the mean of days 2 and 3 (where the test exercise was performed 

on day 3 following blood sampling). Values for day 1 were not used as 

activity performed over the weekend could not be as closely controlled 

as on weekdays, and thus were an additional source of variation. The 

mean (±SE) resting values for serum Fe for experiments 1 and 2 were 119 

-1 ± 6 and 96 ± 4 µg•dl , respectively (Appendix 5). Unfortunately, a 1AT 

-1 data were unavailable. Mean (±SE) power output (watts•kg ) for both 

30s exercise bouts and mean (±SE) peak blood lactate concentration 

(mmol•l- 1), 3 minutes after the second exercise bout, were 11.5 ± .4, 

9.4 ± .3 and 14.8 ± 8.4, respectively. The raw data are presented in 

Appendix 6. The values obtained were similar to those found in 

experiment 1 (Appendix 7). PWC 170 results for the aerobic training week 

and the week of the study are presented in Appendix 8. Mean (±SE) 

-1 values were 1324 ± 56 and 1541 ± 84 kpm•min , respectively, for the 2 

weeks of experiment 2. When compared to normal values for Canadian male 

adults aged 20 to 24 years (CAPHER, 1968), the values obtained were in 

the 85th percentile for week 1 (prior to initiation of aerobic training) 

and the 95th percentile for the second week (after 1 week of aerobic 

training). Mean (±SE) values for all variables measured are summarized 

in Table 5. 

No significant differences were seen in the variables (power 

output, blood lactate, or PWC
170

) measured except for the decrease in 



Table 5. Mean (±SE) values before and after a supramaximal exercise stimulus 
(2x30s, r 90s) in untrained subjects. Data was grouped based on serum 
Fe response to exercise (group A: increase, group B: decrease). 

PARAMETER DAY 

-1 
Fe (µg•dl ) 

A 61 ± 5 99±4 95± 5 * 125 ± 15 
B 65 ±7 94 ± 9 96 10 @* 72 ± 4 

Power Output 
(watts•kg-1) 

Bout 1 
A 11.3 ± .8 
B 11.6 ± .3 

Power Output 
(watts•kg-1) 

Bout 2 
A 10.0 ± .6 
B 8.9 ± .2 

Peak Lactate 
(mmol•l-1) 

A 14.1 ± 1.3 
B 15.3 ± 1.2 

PWC170 
(kpm•min -1) 

Week 1 
A 1358 ± 119 
B 1305 ± 42 

PWC 170 
(kpm•min-1) 

Week2 
A 1637 ± 124 
B 1469 ± 113 

* Group A significantly different from group B p<.01. 
@ Significantly different from resting p<.025. 

105 ±3 
115±15 

so 
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serum Fe following the exercise stimulus (Table 5). The subjects were 

grouped based on the serum Fe response to the exercise stimulus. 

Group A consisted of 3 out of 7 (43%) individuals who showed a mean 

increase of 29 18 -1 
(23% increase) Fe ± µg•dl in serum on day 4. 

Group B consisted of 4 out of 7 (57%) individuals who showed a mean 

-1 
decrease of 31 ± 6 µg • dl ( 42% decrease) in serum Fe on day 4. The 

difference between the two groups was significant only for Fe on day 4 

in response to the high-intensity exercise stimulus. Difference scores 

calculated in order to evaluate the degree of change (post-exercise 

value - resting value) are reported in Appendix 32 (Figure 7). 

Discussion 

Pre-screen blood profile values for the subjects who volunteered 

for this study were all within normal values (Appendix 1). The PWc
170 

values for the aerobic training week and the experimental week fell 

within the 85th and 95th percentiles for male Canadian adults in the 20 

to 24 year-old age group (CAPHER, 1968). This supports the suggestion 

made for experiment 1 that the volunteers for this experiment were of 

above-average levels of fitness. Potential volunteers were informed of 

the strenuous nature of the test exercise and thus, may have biased the 

selection process. The peak blood lactate value and mean power outputs 

for the first and second 30s "all-out" bouts were similar to the values 

obtained for experiment 1 (Appendix 7). This further supports the 

observation that the subject group was above average fitness and, as 

mentioned for experiment 1, that the effort elicited by the exercise was 

of a high degree of anaerobic stress. 
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The 14% improvement in the PWC
170 

values over 5 training sessions 

at 70% maximum heart rate was comparable to results seen elsewhere 

(Smith and Wenger, 1981). 

The magnitude of change in serum Fe from resting to 20 hr post-test 

exercise was also similar to experiment 1 (Appendix 11). In both 

experiments the distributions of subjects between group A and group B 

were approximately equal. Despite the high level of aerobic fitness and 

high mean power outputs seen, the biochemical response to the exercise 

stress indicated that only approximately 50% of the subjects were able 

to tolerate the anaerobic stress. In addition, equal power outputs and 

blood lactate values were obtained for the two groups. This further 

supports the hypothesis, expressed in experiment 1, that in addition to 

glycolytic capacity there appears to be another factor involved in 

anaerobic fitness, identifiable by the serum Fe response. Whether or not 

this shift in serum Fe reveals the degree of inflammation (via RES 

activity) has not yet been shown. 

The anecdotal records of daily stress revealed a large degree of 

external stress, affecting all individuals. The number of hours of 

sleep was highly variable, often running for several consecutive nights 

with only 5 hr of rest as subjects attempted to meet commitments at 

school. The quality of the diet suffered as the number of demands upon 

the subjects increased. In addition, activities required in physical 

education courses (some of which were of a high-intensity anaerobic 

nature) from which the subjects participating in these experiments had 

been excused earlier in the term, had become mandatory. All the various 

stresses were distributed over the subject group and over the test 
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period time in a random manner. (Subjects were taking different courses 

and different programs.) The daily aerobic training sessions may have 

helped somewhat to modulate the effects of this mental stress. Reports 

have been made of the effectiveness of a regular cardiovascular (aerobic 

nature) fitness program in dealing with mental stress (Hayden and Allen, 

1984; McGlynn et al., 1983; Morgan, 1985). However, when the variances 

(mean variance for each group on each day was calculated and an F 

statistic for Exp 1/Exp2 was evaluated) of the two experiments are 

compared, the decrease in variance in serum Fe seen in experiment 2 was 

non-significant. This may have been due to the short duration of the 

training program not having induced a large enough volume (over time) of 

work to alleviate the effects of mental stress. 

A further effort was made in this experiment to reduce baseline 

variability by moving the test exercise from day 2 to day 3. Subject 

activity over the weekend was not controllable, increasing the proba

bility of non-experimental factors affecting the values obtained for 

day 1. The mean (±SE) serum Fe value for day 1 was -1 
63 ± 4 µg • dl , 

substantially below the resting mean (±SE) of 96 
-1 

± 6 µg•dl Moving 

the test day to day 3 provided two consecutive days of steady baseline 

values (96 ± 5 and 96 ± 6 µg•dl- 1) for serum Fe prior to observing the 

test effect. Thus, using the mean of two days (day 2 and day 3) to give 

a resting value enabled the evaluation of change in serum Fe to include 

baseline data, yet exclude some variance. 

In experiment 1 it was stated that prior to beginning these experi

ments several subjects had participated in a preliminary investigation 

over the summer. The purpose of this investigation was to establish the 
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minimum volume of high-intensity exercise required to elicit a shift in 

serum Fe. As discussed in experiment 1, these subjects showed a group A 

response following 2 x 30s of supramaximal effort. However, during the 

school term these same subjects showed a group B response. The quality 

and quantity of training had not altered, but the degree of external 

stress had greatly increased with the pressures of attending universi~y 

classes. In an effort to investigate the cumulative nature of stress, 

the test exercise volume was reduced during experiment 3. 

In summary, the acute response to high-intensity exercise was a 

shift in serum Fe with approximately 50% of the subjects showing an 

increase and 50% showing a decrease. Mean power output and peak blood 

lactate were similar for the two groups. A short-term aerobic training 

program produced improvements in the aerobic fitness of the subjects, 

however, it did not appear to have an effect on the acute serum Fe 

response to high-intensity exercise. 
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EXPERIMENT 3 

Purpose 

The purpose of this experiment was to examine the effect of a 

reduction in the volume of the short-term, high-intensity exercise 

stimulus upon the acute responses seen in serum Fe and a
1
AT. 

Subjects 

The subjects who participated in experiment 2 agreed to continue on 

with the protocol for one additional week and hence, to complete 

experiment 3. For a description of the subject group, see experiment 2. 

The time period of testing fell over the final week of the semester. 

Physiological Testing Procedure 

Subjects were retested for the Pwc 170 · (Wahlund, 1948) on day 1, and 

continued to perform the (70% estimated vo
2
max) aerobic workout daily 

(Figure 6). The protocol was identical to that of experiment 2 except 

for the volume of high-intensity work during the test exercise. Only 

one 30s "all-out" bout was used. 

Results 

Values obtained for serum Fe and a
1

AT are presented in Appendix 9. 

the values were within normal ranges (CML, 1987), except for one subject 

whose serum Fe (210 
-1 

µg•dl ) exceeded the normal upper limit (175 

-1 
µg • dl ) on the day following the test exercise. After one day of 

recovery, his value had nearly returned to baseline (99 µg•dl- 1). One 
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additional subject had a1 AT values which fell below the normal range 

(Foothills Hospital Laboratory, 1987). See experiment 1 for further 

information regarding this subject. The resting mean (±SE) for serum Fe 

-1 for experiment 3 (105 ± 7 µg•dl ) was similar to values obtained for 

the previous two experiments (Appendix 5). 

-1 Mean power outputs for the 30s exercise bout (watts•kg ) and peak 

-1 
blood lactate concentrations (mmol•l ) are presented in Appendix 10. 

-1 -1 
The mean (±SE) values were 11.7 ± .3 watts•kg and 15.0 ± .5 mmol•l , 

respectively, similar to values obtained for experiments 1 and 2 

(Appendix 7). 

PWC 170 results (kpm•min-1) are presented in Appendix 8. The mean 

-1 (±SE) value of 1527 ± 55 kpm•min was slightly decreased from the 

previous week, however, this change was not significant. Compared to 

normal values for Canadian male adults aged 20 to 25 years, the mean 

PWc 170 value for experiment 3 falls within the 95th percentile, as did 

the final week of experiment 2 (CAPHER, 1968). 

Mean values (±SE) for the variables measured are summarized in 

Table 6. 

The data were divided into two groups, with those individuals who 

showed an upward shift of serum Fe in response to the high-intensity 

exercise stimulus designated group A. Those whose response was a 

downward shift in serum Fe were designated group B. Group A consisted 

of 2 out of 7 individuals (29%) with a mean (±SE) increase in serum Fe 

of 73 ± 40 µg•dl-l (45%), and a mean (±SE) decrease in a 1AT of 0.09 ± 

.02 g•l-l (7%). Group B consisted of 5 out of 7 subjects (71%) with a 

-1 
significant mean (±SE) decrease in serum Fe of 27 ± 8 µg•dl (33%) and 
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Table 6. Mean (±SE) values before and after supramaximal exercise (30s) in untrained 
subjects. Data was grouped based upon serum Fe response to exercise 
(group A: increase, group B: decrease). 

Fe (µg•dl- 1 
) 

A 
B 

91 ±24 
81 ± 11 

108 ± 1 
101±20 

88 ± 3 * 171 ± 40 76 ± 4 
106 ± 14 @* 81 ± 3 96 ± 7 

C, AT(g•r1 
) 

A 
B 

1.40 ± .03 1.46 ± .06 
1.43 ± .07 1.20 ± .14 

P.O. (watts, •kg- 1
) 

A 11.5 ± 0.1 
B 11.7±0.5 

Lactate (mmol•l- 1
) 

A 14.8±1 .7 
B 15.1 ± 0.5 

PWS 
70 

(kpm•min- 1 

A 1585 ± 35 
B 1504 ± 75 

* Group A significantly different from group B p <.01. 
@ Significantly different from resting value p < .025. 

1.35 ± .04 
1.36 ± .17 
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a significant mean (±SE) increase 
-1 

in a
1

AT of 0.12 ± .03 g•l (10%) 

(Appendix 11) . The reciprocal relationship suggested for Fe and a 
1 

AT 

in experiment 1 was seen here (Figure 9a). Seven out of 7 (100%) 

subjects demonstrated the phenomenon. 

Discussion 

Values obtained in the pre-experimental screen were normal 

(Appendix 1) for the subjects who volunteered for this study. Subjects 

were of above-average fitness level, as were those in the previous two 

-experiments. Mean PWC
170 

was in the 95th percentile when compared to 

normal values for Canadian males (CAPHER, 1968), as was seen for experi

ment 2. Mean power output for experiment 3 was very similar to 

experiments 1 and 2 (Appendix 7) and continued to be of above-average 

levels (LaVoie et al., 1984). The peak blood lactate concentrations 

were also similar, despite the reduction in exercise volume (1 x 30s vs. 

2 x 30s) from previous experiments. Hermansen and Osnes (1972) found 

that for successive maximal exercise bouts (of approximately 1 min 

duration) to exhaustion, followed by 4 min recovery, blood lactate 

levels continued to rise with each successive exercise bout. Based on 

this work, lower lactate levels were expected for this experiment (1 x 

30s) than for experiments 1 and 2 (2 x 30s). The reason that experiment 

3 produced such high lactate levels is unknown. However, the high 

lactate values do indicate that a high degree of demand on the anaerobic 

glycolytic system was still elicited by the single 1 x 30s maximal 

exercise bout (Mader et al., 1978; Smith and Roberts, 1987). 
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Group A demonstrated a large increase in serum Fe and a decrease in 

a 1AT with the exercise stimulus (day 3 to day 4), while the changes seen 

in group B were a significant decrease in serum Fe and a significant 

increase in a 1AT. The lack of significance in group A serum Fe was most 

likely due to the small sample size of 2 and the wide range of indi

vidual values. Yet, when the change for each individual was examined 

(Appendix 9), there was clearly a strong upward trend in response to the 

exercise stimulus, as was previously described in experiments 1 and 2. 

As in experiment 1, a reciprocal shift in serum Fe and a
1

AT was 

demonstrated by a large percentage of subjects ( 100%) (Appendix 11), 

with a correlation coefficient of r=-0. 75 (Figure 8). The changes in 

serum Fe and a
1

AT with the exercise stimulus are illustrated graphically 

in Figure 9a. For each group the values are expressed as the mean (±SE) 

values for resting [(day 2 + day 3)/2], and the values obtained 20 hr 

following the exercise stimulus. To correct for the variability between 

the groups at rest, the same data was expressed in terms of the degree 

of change in Figure 9b. With both groups starting from the same level 

(normalized) the comparison of the responses for the different groups 

becomes much clearer. The pattern which emerges is the same as was seen 

in experiment 1 (Figure 4), despite the variation in this group at rest. 

Serum Fe and a
1

AT respond in a reciprocal manner to the exercise 

stimulus, yet the values for mean power output and lactate were similar 

for the two groups. 

Based on this reciprocal relationship, there appears to be some 

evidence for the previously stated hypothesis of inflammation. This 

experiment, and the previous two experiments, all showed a distinct 
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difference between groups A and B in the serum Fe response to a high

intensity exercise stimulus. However, in each experiment the two groups 

apparently have had equivalent glycolytic capacities, as reflected in 

equal power outputs and blood lactate values (Appendix 7). The 

difference between the two groups may lie in the ability of the muscle 

to tolerate and hence, recover from, the changes in homeostasis 

occurring with high glycolytic output. The suggestion of inflammation 

is supported by the clinically well-characterized acute inflammatory 

response of raised levels of a
1

AT and lowered levels of serum Fe 

(Roeser, 1980; Werner, 1969). 

The response of an individual in experiment 2 did not appear to 

give any predictive value for the response seen in experiment 3 

(Appendix 12). It was predicted that the decreased exercise volume 

would bring the exercise stimulus within the capacity of the entire 

group to tolerate anaerobic work, thus, all would give a group A 

response. However, "A" individuals became "B" individuals, and vice 

versa, resulting in a net skew of the distribution towards group B. The 

most likely explanation lies with the cumulative effect of stress. The 

subjects were in their final week of classes, facing end of semester 

examinations. Many gave anecdotal reports of increased levels of mental 

stress. This mental stress may have combined with the exercise stress, 

but the mental factor was highly variable, both among individuals and 

over the two experiments. To try to further isolate this variable 

effect of stress, experiments 5 and 6 were proposed with the aim of 

achieving -a greater degree of homogeneity in external influences acting 

on the subject group. 
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In summary, the exercise stimulus again produced two distinct 

responses. Individuals who showed an increase in serum Fe also showed a 

decrease in a
1

AT and vice versa. Despite differences in resting values 

for the two groups, the relative changes were the same as seen in 

previous experiments. Glycolytic measures did not differ for the two 

groups. The effect of a reduction in the volume of high-intensity work 

may have been confused by a coincident increase (unquantified) in 

reported external stress. 
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EXPERIMENT 4 

Purpose 

The purpose of this experiment was to examine resting serum Fe 

values on a day-to-day basis under conditions which approximated, as 

closely as possible, the untrained subject experiments, excluding only 

the test exercise stimulus. 

Subjects 

Four members of the University of Calgary men's volleyball team and 

3 graduate students volunteered to act as control subjects. Mean (±SE) 

age, height and weight were 25 ± 2 years, 184.9 ± 3.6 cm and 81.5 ± 

2.7 kg, respectively. The physical characteristics and pre-screen 

parameters are summarized in Appendix 1. 

Physiological Testing Procedure 

Blood samples were collected (as previously described) for 3 

consecutive days. Subjects were requested not to engage in any exercise 

over the test period and to try to maintain a low-stress attitude. The 

importance of regular hours of rest and a regular diet were emphasized 

as they were for all experiments. All subjects agreed to cooperate with 

this. 

Only serum Fe was measured. 
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Results 

Raw data for serum Fe are presented in Appendix 13. All values 

were within the normal range (CML, 1987). The resting mean (±SE) of 128 

-1 
± 7 µg•dl was slightly higher than those seen in the previous 

experiments (Appendix 5). 

There was no significant difference in serum Fe over the days 

measured. 

Discussion 

The control group of subjects all had normal blood profiles 

(Appendix 1). Although the · daily means were not significantly 

different, when the individual data were examined, there was a large 

amount of day-to-day variability. None of these subjects showed steady 

baseline Fe levels. Once again, the unquantified factor of external 

stress may have affected the results. All subjects had agreed to abide 

by the rules of the study, however, it was later revealed that this was 

not adhered to. The volleyball team members were celebrating the 

season's end with some intense drinking and partying, while the graduate 

students were facing various assignment deadlines. This further illus

trates the problems of dealing with a non-homogeneous (in terms of 

external stress) subject group. It is extremely difficult to control 

the lifestyles (external stresses) of a group of individuals whose lives 

are not bound together in any way other than in their participation in a 

research experiment. 

Reports have been made elsewhere that, under resting conditions, 

there is a large measure of day-to-day variation in serum Fe (Zilva and 
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Patston, 1966). The data from this control experiment would seem to 

agree with this. However, observations made over several years of 

working with elite athletes in speedskating, volleyball, swimming and 

synchronized swimming have shown that for a homogeneous group the 

baseline for serum Fe is stable (Table 4 and Appendix 14). 

The resting value for serum Fe was slightly higher (non

significant) than the resting means for the test 2xperiments (Table 7). 

The next two experiments were conducted with the aim of recruiting 

subject groups from homogeneous environments. It was hoped that this 

would help to eliminate some of the error variability introduced by 

external stress and to emphasize the strength of the metabolic response 

of serum Fe to high-intensity exercise. 

In summary, the resting or baseline values for a group of control 

subjects were highly variable. This may have been due to exposures to 

mental stress. 



Table 7. 

Serum Fe 
(µg•dl ·1) 

x±SE 

Mean {±SE) serum Fe values obtained for untrained subjects 
at rest ( control group). 

125 ± 13 130 ± 8 120 ± 10 

69 
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EXPERIMENT 5 

Purpose 

The purpose of this experiment was to examine the acute effect of 

short duration high-intensity exercise on serum Fe and a
1

AT in 

well-trained subjects. 

Subjects 

Eight members of the Canadian Armed Forces, CFB Calgary, 

volunteered to participate in experiment 5. All subjects were training 

for the biathlon at the time of the study. Two had competed at the 

national level (Alberta biathlon team) for several years while the 

remainder were trying out for the Armed Forces team. Testing was 

carried out prior to the competitive season, however, all subjects were 

training together for endurance. The subjects did not live together and 

those that had not yet made the team had various duties with other units 

after the daily training sessions were completed. 

Mean (±SE) age, height and weight were 23 ± 1 years, 173 ± 3 cm, 

and 69.8 ± 2.3 kg, respectively. Pre-screen parameters are reported in 

Appendix 1. 

Physiological Testing Procedure 

The testing procedure used was the same as that of experiment 3. 

However, blood sampling was performed only on the day prior to the test 

exercise (Tuesday), the day of the test exercise (Wednesday), and the 
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day following that of the test exercise (Thursday). The daily aerobic 

training session consisted of a 1 hr long run. 

Results 

Raw data obtained for serum Fe and a 1AT are presented in 

Appendix 14. All the values were within normal limits (CML, 1987). The 

-1 resting means (±SE) for serum Fe and a
1

AT of 98 ± 5 µg•dl and 1.45 ± 

-1 
. 05 g • l , respectively, were similar to values obtained in previous 

experiments (Appendix 5). Values obtained for mean power output and 

peak blood lactate are reported in Appendix 15. The mean (±SE) mean 

-1 
power output of 10.8 ± .2 watts•kg and the mean (±SE) blood lactate 

concentration of 8.2 ± 1.6 mmol•l-l were lower than the values obtained 

for the previous experiments (Appendix 7), but only the values for blood 

lactate were significantly different. Mean (±SE) values obtained for 

the measured variables are summarized in Table 8. 

The subjects were divided into 2 groups based on the serum Fe 

response to the exercise stimulus. Group A consisted of 6 out of 8 

individuals (75%) who showed a significant increase in mean (±SE) serum 

-1 
Fe of 38 ± 11 µg•dl (29%) and a mean (±SE) decrease in a

1
AT of 0.05 ± 

.03 g•l-l (3%). Group B consisted of the remaining 2 individuals (25%) 

who showed a significant decrease in mean (±SE) serum Fe of 29 ± 

-1 
1 µg•dl (39%) and a signif~cant increase in mean (±SE) a 1AT of 0.18 ± 

-1 
.01 g•l (12%). This relationship is illustrated graphically in 

Figures 10a and 10b. For an explanation of the 2 figures, see experi

ment 3. Seventy-five per cent of the subjects demonstrated the 



Table 8. Mean (±SE) values before and after supramaximal exercise (1 x30s) 
in well trained subjects. Data was grouped based upon serum Fe 
response to exercise (group A: increase, group B: decrease). 

Fe (µg•dl-1
) 

A 99±6 
B 87 ± 1 

a 1 AT (g•r1 
) 

A 1.45± .08 
B 1.29 ± .09 

Power Output 
(watts•kg-1 ) 

A 
B 

Lactate 
(mmol•l-1) 

A 
B 

DAY 
] 

••: 

95±8 @~29±6 
119 ± 6 @#75 ± 2 

1.55 ± .07 1.50 ± .08 
1.31 ± .07 * 1.48 ± .07 

11.0 ± .2 
10.4 ± .3 

@8.4 ± .4 
@7.8 ± .5 

# Group A significantly different from group B p < .01. 
* Significantly different from resting value p < .025. 
@ Significantly different from experiments 1,2 and 3 p < .01. 
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reciprocal relationship between a
1 

AT and serum Fe. 

coefficient for these 2 variables was -0.91 (Figure 11). 

Discussion 

75 

The correlation 

The nature of training performed for biathlon suggests that a high 

degree of aerobic fitness would be developed. The Alberta biathlon team 

-1 
had a team mean (±SE) of 67.1 ± 1.3 ml•kg•min for vo

2
max when tested 

during the season prior to this experiment (unpublished results). Two 

subjects were already on this team and the others all aspired to join it 

in the near future. The data obtained for the anaerobic tests, mean 

power output and peak blood lactate, support the suggestion of high 

levels of aerobic fitness. Despite maximal effort on the part of the 

subjects (this was a highly motivated and competitive group), these 

values were lower than those obtained for physical education students 

(Appendix 7). This is consistent with studies which have reported 

decreased measures of glycolytic capacity in highly trained aerobic 

athletes (Schnabel and Kindermann, 1983). That the blood lactate 

concentrations were lower than values obtained for experiments 1 and 2 

may also have been due in part to the decrease in the volume of exercise 

from 2 x 30s to 1 x 30s (Hermansen and Osnes, 1972). This is discussed 

further in experiment 3. 

The values obtained for serum Fe and a
1

AT were comparable to those 

obtained in previous -test experiments (Appendix 5). The magnitude of 

change elicited by the test exercise was also similar to previously 

obtained values (Appendix 11). In all experiments the shift in serum Fe 

for both groups A (upward) and B (downward) has been about 30% 
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(Appendix 11) . Furthermore, all experiments have shown a minute 

decrease in a 1AT for group A (2%) and a much larger shift upwards in the 

parameter for group B (11%) (Appendix 11). This is consistent with the 

physiological role of a 1AT. Acting to control the proteolytic processes 

involved in the repair, morphological change, and growth of connective 

tissue (Heimburger, 197 5; Herez, 197 4) following training (Lies en et 

al., 1977), the serum levels of a 1AT are elevated following any inflam

mation (Werner, 1969). In addition, the RES is known to sequester Fe as 

a bacteriostatic action in inflammatory conditions (Cavill and Ricketts, 

1980; Roeser, 1980). Thus, the increase in a
1

AT and decrease in serum 

Fe demonstrated by group B could well have been due to local muscle 

inflammation as a result of the test exercise. The group A response of 

increased serum Fe may be due to a different mechanism and consequently 

may be less strongly associated with changes in a
1
AT. 

In previous experiments the division of subjects between groups A 

and B was nearly equal or was skewed towards group B. In this experi

ment, 75% of the subjects were classed in group A while only 25% were 

group B. This was a group of aerobically fit individuals, but they 

appeared to be better able to cope with the high anaerobic stimulus than 

physical education students with a higher glycolytic capacity. Further

more, in all experiments group A and group B individuals did not show 

differences in power output or peak blood lactate concentrations. In 

the preceding experiments, the shift in serum Fe has been referred to as 

having been a metabolic indicator of an individual's tolerance for the 

test exercise. The observation that the total degree of stress, mental 

and physical, had an effect on this tolerance has also been made 
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(experiment 3, Appendix 12). Thus, the shift in serum Fe (or 

presence/absence of inflammation) in response to a test exercise 

stimulus may be dependent upon the capacity of for a volume of stress. 

Furthermore, the volume may be composed of the physical intensity and 

duration of the exercise, combined with the current level of mental 

stress (frequency of exposure to stress). The response of an individual 

would depend upon previous exposures (forming a capacity for exercise 

through training) to similar levels or volumes of stress. To achieve 

the high aerobic capacity required for the biathlon, the subjects in 

this experiment routinely trained with very long duration sessions. 

Thus, they had been exposed to a large volume of stress. This may 

explain why they showed a higher percentage of group A responses than 

the previous groups. The effect of the total volume of stress as 

opposed to the intensity is further supported by reports elsewhere of 

serum Fe shifts (group A response) following long-duration physical 

activities of moderate intensities (Ahlberg and Brohult, 1967; Refsum et 

al., 1976) (Table 2). 

In spite of the fact that these subjects were training together and 

were all members of the armed forces, they were not as homogeneous a 

group as was initially anticipated. Those that were not yet members of 

the biathlon team spent part of each day engaged in activities with 

other units. Furthermore, all members lived independently and thus, 

were engaged in different extra-curricular activities. The variation in 

the baseline serum Fe values (Appendix 14) for individuals reflects this 

lack of homogeneity. 
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In sunnnary, once again serum Fe and a.
1

AT responded in a reciprocal 

manner to the test exercise stimulus (r=-0.91). The downward shift in 

a.
1 

AT was of a smaller magnitude than the upward shift, although the 

magnitude of change in serum Fe was similar for both groups. This was 

also true of previous experiments and is consistent with the physio-

logical role of a.
1

AT as an acute inflannnatory protein. Previous 

exposure to high volumes of training appeared to have had a training 

effect on this group, increasing their capacity for stress. This was 

demonstrated by a higher frequency of the upward shift in serum Fe than 

was previously seen. 
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EXPERIMENT 6 

Purpose 

The purpose of this experiment was to examine the acute effect of 

short duration high-intensity exercise on serum Fe and a
1

AT in a group 

of chronically trained elite athletes. 

Subjects 

Seven members of Canada's national men's speedskating team 

volunteered to participate in this study. Mean (±SE) age, height and 

weight were 23 ± 3 years, 176.7 ± 5.6 cm and 74.2 ± 4.3 kg, respec

tively. The pre-screen parameters are presented in Appendix 1. Of the 

7 subjects, 6 were long-term team members, living and training together 

on a nearly continuous basis for 2 to 3 years. The seventh subject had 

only joined the national team 5 months prior to the time of this 

experiment. Testing was carried out in May, which was about 3 weeks 

after the end of the competitive season. 

Physiological Testing Procedure 

Due to limitations in the schedule of these athletes, the baseline 

data were collected at a different time than the exercise data. Blood 

samples were collected as previously described on 3 consecutive days 

during the early season (November). The test exercise followed the same 

protocol as described for experiment 3, with several minor adjustments. 

The 30s "all-out" exercise was performed on a Monark stationary cycle 

ergometer. In addition, a resistance setting (kp) factor of .112 (x kg 
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body weight) was used to maximize power output for the 30s "all-out" 

exercise bout rather than .092 used previously. It has been shown that 

the higher resistance setting is necessary to elicit maximal power in 

groups such as this with very high leg strength (Smith and Stokes, 

1985). Lastly, post-exercise blood samples were not collected for peak 

lactate concentration. 

Results 

Raw serum Fe data for resting (baseline) values are presented in 

Appendix 16. The values were extremely stable even when examined for 

individuals. Serum Fe and a
1

AT levels on the morning prior to and 20 hr 

post-test exercise are presented in Appendix 17. All values were within 

normal limits (CML, 1987). The resting mean (±SE) serum Fe and a
1 

AT 

values of 99 ± 10 µg •dl -l and 1. 43 ± -1 
. 04 g • 1 , respectively, were 

similar to the results of previous experimental groups (Appendix 5). 

Mean power output values obtained on the Monark ergometer are reported 

in Appendix 18. The mean (±SE) mean power output of 11.7 ± .3 

-1 
watts•kg was not significantly different from previous experiments. 

Mean (±SE) values for the measured variables are summarized in 

Table 9. 

The subjects were divided into two groups based on the serum Fe 

response to the test exercise. All subjects showed an increase in serum 

Fe and were assigned to group A except for the rookie team member. This 

individual showed a drop in serum Fe response to the test exercise and 

was assigned to group B. A difference was observed between the two 

groups only on the day following the test exercise. Group A (86% of the 



Table 9. A summary of mean (±SE) values at rest and immediatley before and after 
supramaximal exercise (30s) in elite athletes. Data was grouped based 
upon serum Fe response to exercise (group A: increase, group B: decrease). 

PARAMETER 

-1 
Fe (µg•gl ) 

A 
B 

Power Output 
(watts•kg-1 ) 

A 
B 

96 ± 13 
95 

98 ± 13 
95 

95 ± 14 
115 

* Significantly different from pre-exercise value p <.025. 

86 ± 7 
194 

* 121 ± 8 
145 

1.43 ± .05 1 .42 ± .06 
1.48 1.63 

11.8 ± .4 
11.5 

82 
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subjects) showed a significant mean (±SE) increase in serum Fe of 34 ± 

-1 -1 7 µg•dl (28%) and a mean (±SE) decrease in a 1AT of 0.01 ± .03 g•l 

-1 (1%). Group B showed a decrease in serum Fe of 49 µg•dl (32%) and an 

-1 increase of 0.15 g•l (9%) for a 1AT. This relationship is illustrated 

graphically in Figures 12a and 12b. For an explanation of the two 

plots, see experiment 3. The reverse correlation between a
1

AT and serum 

Fe was very strong with a correlation coefficient of -0.92 (Figure 13). 

Discussion 

The team mean (±SE) vo2max as measured at the time of the 

-1 experimental test period was 56.2 ± 1.4 ml•kg•min , indicating that 

these were aerobically fit subjects (unpublished results). All subjects 

were members of the Nat.ional men's speedskating team, and as such, were 

routinely training twice daily. All, except subject 7, had been doing 

so for many years. The subject group included both sprinters and 

all-rounders. The mean power output for the 30s "all-out" exercise bout 

reflected the strong anaerobic component of their training. The value 

-1 
seen was very similar to that of 11.4 ± .2 watts•kg reported by Smith 

and Stokes (1985) for elite, all-round speedskaters. Mean (±SE) mean 

power outputs for the subject group calculated separately for sprinters 

-1 -1 
(12.2 ± .4 watts•kg ) and all-rounders (11.1 ± .3 watts•kg ) were 

-1 
directly comparable to the values of 12.4 ± .1 and 11.4 ± .2 watts-kg , 

respectively, reported by Smith and Stokes (1985). 

The shift in serum Fe in response to the test exercise was once 

again clearly defined (Figure 12b). All veteran team members showed a 

group A response with an increase in serum Fe while the rookie team 
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member showed a group B response. The data for this individual should 

be evaluated with caution. The baseline serum Fe seen in November was 

substantially lower than that seen at the time of the exercise test in 

May (Table 9). In view of the elevated pre-exercise value, the drop in 

serum Fe seen post-exercise may have been recovery from some unknown 

stimulus rather than a response to exercise. Evidence supporting the 

drop in serum Fe in response to the exercise stimulus is found in the 

coincident large increase in a
1

AT seen in this individual. 

The magnitude of change in serum Fe was very similar to that seen 

with the previous experiments (Appendix 11). However, the distribution 

of subjects between the groups was skewed towards group A (86% of the 

subjects) as was seen in experiment 5. Both of these 2 subject groups 

were accustomed to intense physical training, in a much greater volume 

(both per day and cumulatively over the years) than the physical 

education student subject groups (experiments 1 to 4 and 7). This 

supports the view that the tolerance of an individual for a given volume 

of high-intensity stress is dependent upon previous exposure of an 

individual to that stress and the consequent adaptations which allow 

tolerance of the stress (capacity as determined by training). High

intensity training of sufficient volume appears to produce physiological 

adaptations which enable an individual to tolerate a larger volume of 

exercise stress without inducing an inflammatory response. Instead, a 

mobilization of Fe stores is seen, possibly to ensure adequate 

availability of Fe for the synthesis of Hb and Fe-containing enzymes. 

The a
1 

AT response for this experiment 

decreased slightly with only 2 out of 5 

is less clear. Group A 

individuals showing the 
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reciprocal shift to serum Fe. The group B individual showed a stronger 

reciprocal response with a larger increase in a.
1 

AT. When the group A 

responses for all previous experiments were examined (Appendix 11), it 

was apparent that the group A reciprocity was never as strong as was 

seen for group B. Thus, the observation of the reciprocal relationship 

in only 50% of the individuals may have been due to the strong group A 

showing. This can be explained in terms of the physiological role of 

a.
1

AT in acting to control proteolytic damage at the site of an inflam

mation (see experiment 5). In a previous study, a mean increase in a.
1

AT 

and a mean decrease in serum Fe were observed for a group of untrained 

physical education students following high-intensity exercise (Roberts 

and Smith, 1986). After an anaerobic training program, the same 

exercise stimulus caused an increase in serum Fe, but no change in a.
1

AT. 

A group of elite athletes, tested with the same high-intensity stimulus 

showed an increase in serum Fe and again, no change in a.
1

AT. The drop 

in a.
1

AT seen with all group A responses in the current series of experi

ments, was so small as to be similarly cast as no change. Thus, it has 

become apparent that group B individuals show evidence of inflammation 

in the decreased serum Fe and increased a.
1

AT. In contrast, the group A 

individuals show evidence of a mobilization of Fe stores in increased 

serum Fe levels and the response of an acute inflannnatory protein (a.
1

AT) 

for this group is negligible. 

The meari resting values for serum Fe and a.
1 

AT were not signifi

cantly different from those seen for the other experimental groups 

(Appendix 5). However, when the resting values for individuals are 

compared on a day-to-day basis for serum Fe, the values are far more 
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stable than seen for any other group examined (Appendix 16). This was a 

very homogeneous group. At the time of the collection of the baseline 

data (November), these individuals were living together in a small 

village, concentrating only on training. There were no apparent 

distractions or external stresses. It was too early in the season to be 

concerned with competitions, the training was generally high-volume, 

moderate intensity. Stability of this order in resting serum Fe levels 

has been consistently observed in groups of elite athletes in such 

sports as swimming, synchronized swimming and volleyball ( unpublished 

results). 

Lies en et al. (1977) report that groups of well-trained 

individuals, elite German swimmers and professional bike riders, had 

higher resting values for a 1AT than untrained individuals. This differ

ence was not observed for this elite group of speedskaters, nor in the 

previous group of elite athletes examined (Roberts and Smith, 1986). 

Liesen et al. postulate that elevated resting levels of protease 

inhibitors such as a
1 

AT are an adaptation to control the degradative 

effects of inflammatory mechanisms. This indicates that the 

inflammation still occurs in highly trained individuals following 

exercise. They also make the observation that trained individuals show 

a smaller change in a
1

AT from the resting level than do untrained 

individuals following severe exercise. The results of this study and 

the above second observation of Liesen et al. ( 1977) would seem to 

support a decrease in the inflammation produced by a given exercise 

stress in trained over untrained subjects. However, there is no 

evidence for inflammation in group A individuals in the experiments of 
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this study. This apparent discrepancy may be due to the time of the 

season wherein sampling was carried out. If the elite athletes were in 

a heavy training or competition phase, they may well have been experi-

encing exercise-induced inflammation. This could cause the elevated 

a
1

AT seen by Liesen et al. (1977) at rest. However, in this experiment 

the athletes were well-rested, training only lightly, and subjected to a 

test exercise bout which was minor compared to normal training. 

Unfortunately, Liesen et al. (1977) used radial immunodiffusion for 

The results of this method are not analysis of 

comparable to the nephlometric method used in this study 

Laboratories, 1982). 

directly 

(Foothills 

The final experiment was designed to investigate the effect of a 

short-term anaerobic training program on the response of serum Fe to the 

high-intensity exercise stimulus. 

In summary, this group was homogeneous and gave steady baseline 

values for serum Fe. Except for the one new team member, all subjects 

showed an increase in serum Fe and no change in a
1 

AT. This suggests 

that the elevated training state experienced by elite athletes enabled 

them to tolerate the test exercise without producing indicators of 

inflammation. 
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EXPERIMENT 7 

Purpose 

The purpose of this experiment was to examine the effect of a short 

anaerobic training program upon the acute response of serum Fe and a
1

AT 

to short duration, high-intensity exercise in previously untrained 

subjects. 

Subjects 

Six physical education students volunteered to participate in this 

study. Mean (±SE) age, height and weight were 22 ± 2 years, 179.7 ± 

1.6 cm, and 71.5 ± 3.6 kg, respectively. The results of the pre-screen 

are presented in Appendix 1. As the study ran for 4 weeks, the external 

stress level was not consistent for the 2 test weeks. The first test 

week (pre-anaerobic training) was early in the school term, a time of 

relatively low pressures. The second test week (post-anaerobic 

training) fell into the mid-term examination period, and thus was a time 

of greater mental stress. 

Physiological Testing Procedure 

Subjects pre-trained for 1 week prior to the week of the first test 

exercise stimulus. The protocol used was the same as described for 

experiment 2. P_wc
170 

tests were performed (Wahlund, 1948) to establish 

a training heart rate equal to 70% of the maximum. Subjects exercised 

for 30 min on a cycle ergometer every weekday over the entire time 

course of the study, excluding the days where anaerobic tests or 
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training were performed (Figure 14). The test exercise bouts were both 

exactly as described in experiment 3. Following the first test exercise 

bout, the subject began anaerobic training (AnT). Five sessions were 

scheduled prior to the post-AnT condition test. Training sessions 

consisted of 3 x 20s "all-out" bouts interspersed with 60s rest. 

Workload was calculated in the same manner as for the test exercise 

bouts. The rest interval was set at 3x the work interval to maintain 

the high degree of stress on the ATP-CP and glycolytic systems (Fox and 

Matthews, 1981). Four days of recovery were allocated between the last 

training session and the AnT condition test to allow the serum Fe and 

a
1

AT levels to return to baseline, should any inflammation have 

occurred. As mentioned above, the trained condition test repeated the 

same protocol as the initial test exercise bout. Daily blood samples 

were collected only during the 2 test weeks. 

Results 

Raw data obtained for serum Fe and a 1AT are presented in 

Appendix 19. Values were normal (CML, 1987), excluding one subject 

-1 
whose pre-training serum Fe response exceeded 200 µg•dl • This was not 

considered to be pathological in view of a rapid return to resting 

levels 
-1 

(115 µg•dl ) within 48 hr. The resting serum Fe mean (±SE) 

-1 
values of 107 ± 7 and 102 ± 9 µg•dl for the pre- and post-training 

weeks respectively, were very similar to the values seen in previous 

experimental groups (Appendix 5). Similarly, mean (±SE) a
1

AT values for 

the 2 test weeks of this experiment (1.47 ± .OS and 1.38 ± .05 g•l-
1

) 

were comparable to previously obtained values (Appendix 5). 



MON TUES WEDS THURS 

PRE TRAIN WEEK 30 minAE 30minAE 30minAE 30minAE 

* * * * 

WEEK 1 30 min AE 30 min AE 1 X 30s 30 min AE 

WEEK2 3x20s,r60s 30 min AE 3x20s,r60s 30 min AE 

* * * * 

WEEK3 30 min AE 30 min AE 1 X 30s 30 min AE 

Fig. 14 The time course of the anaerobic training study (experiment 7) 
AE = aerobic effort at 70% max 

FRI 

30minAE 

* 

3 x 20 s, r60 s 

3 x 20 s, r60 s 

* 

30 min AE 

3 x 20 s, r 60s = 20 s maximum effort followed by 60 s rest, repeated 3 x 
* = blood sample collected 

I.O 
w 
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PWC
170 

results are presented in Appendix 20. No significant 

difference was seen between the groups. Mean values obtained were in 

-1 
the 80th percentile (1263 ± 72 kprn•min ), for the pre-training week and 

the 95th percentile (1540 
-1 

± 91 kprn•min ) for the final week of the 

study (CAPHER, 1968). Both the mean values seen and the degree of 

improvement over the study were comparable to the results obtained in 

experiments 2 and 3 (Appendix 8). 

Raw data for the mean power outputs and peak blood lactate concen

trations obtained following the 30s "all-out" exercise tests are 

reported in Appendix 21. No significant differences were seen between 

the groups with training for mean power output or for lactate concen-

tration. The mean (±SE) values of 11.2 ± .4 and 11.6 
-1 

± .5 watts-kg 

for mean power output for the 2 test sessions were similar to the values 

obtained for the previous experiments (Appendix 7). The mean (±SE) peak 

blood lactate concentration seen with the pre- and post-training 

exercise tests were 9. 8 ± . 8 and 10. 5 ± 
-1 

.8 mmol•l , respectively . 

However, while the peak blood lactate concentration did not change with 

training, the values obtained for this subject group were significantly 

lower than the values seen in the previous experiments with physical 

education students (experiments 1-3), but higher (non-significant) than 

the values obtained for highly trained aerobic athletes (experiment 5; 

Appendix 7). The mean power outputs obtained for each 20s "all-out" 

bout during the anaerobic training sessions are reported in Appendix 22. 

The small but steady improvement seen was not significant. Mean (±SE) 

values obtained for measured variables in this experiment are summarized 

in Table 10. 



Table 10. A summary table of mean (±SE) values before and after supramaximal exercise (30s) in untrained subjects before and after a short 
anaerobic training program. Data was grouped according to the serum Fe response to the test exercise (group A: increase, group 
B: decrease). The test exercise was performed on Wed. of weeks 1 and 3 after the resting blood sample had been collected. 

Parameter. 
(x±SE) 

Pre Train Week 

Day 1 

Week 1 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

--
Week2 

Monday 

Wednesday 

Friday 

Week3 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Fe (µg•dr1
) 

I I I 
79±19 98±23 

90 107±4 

90±21 119±17 

172±28 90±7 

I 219 I 100±26 I 

90±9 

I 112 ±15 

92±12 

123±14 

107 ±13 

-1 
Cl 

1 
AT(g•I ) 

I 

1.85 1.38±.04 

I 

-1 
P.O.(watts•kg ) 

I 

1.61 ±.15 1.40±.041 10.8 ±.05 I 11 .3 ±.60 

1.52 ±.16 1.46 ±.03 I 91 B2 B3 B1 B2 B3 

I 11 1.5 9 .9 8.7 11 .6 10.6 9.6 
±.1 ±.3 ±.6 ± 1.1 ± .8 ±.6 

11 .7 10.0 8.7 12.0 10.8 9.8 
±0 ±.3 ± .6 ± .8 ± .7 ± .6 

12.0 10.2 9.1 12.4 11.0 10.0 
±.1 ±2 ±2 ±.6 ±.7 ± .6 

12.0 10.1 9.2 12.6 11.0 10.0 
±.1 ± .4 ± .3 ± .8 ± .6 ±.5 

I 

1.38±.05 I I 11 .3 ±6 I 

1.40 ±.05 

* Significantly different from experiments 1 , 2, and 3 p < .01 . 

Lactate (mmoI-r1 
) PWC

170 
(kpm•min·1

) 

I I 11300±7011330 ±88 

1-9.3±1 .2 I• 10.1 ±1 .2 

I I ~645 ±145~488 ±120 

I 10.5 ±.8 

"° Vl 
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Two out of 6 subjects (33%) showed a mean (±SE) increase in serum 

Fe (designated group A response) following the pre-training (first) test 

exercise bout of 81 ± 37 µg • dl-l (55%), and a mean (±SE) decrease in 

a1AT of 0.12 ± .02 g•l-l (8%). The remaining 4 subjects (67%) showed a 

group B response following the first exercise test bout. This group 

-1 showed a mean (±SE) decrease in serum Fe of 23 ± 12 µg•dl (26%) and a 

mean (±SE) increase in a1AT of 0.05 ± .04 g•l-l (4%). Figures 15a and 

15b illustrate the changes in serum Fe and a
1

AT for the 2 groups, pre

and post-AnT. Five out of 6 subjects (83%) demonstrated the reciprocal 

relationship between a1AT and serum Fe. The correlation coefficient for 

the 2 variables was significant at -0.71 (Figure 16). 

Following the anaerobic training sessions, all 6 subjects showed a 

group A response with a mean (±SE) increase of 31 ± 12 µg•dl-l (25%) 

-1 serum Fe and a mean (±SE) decrease for a1AT of 0.02 ± .03 g•l (1%). 

Three out of 6 (50%) subjects showed the reciprocal relationship between 

serum Fe and a1AT. Thus, a shift of subjects from the group B response 

to the group A response was seen following the anaerobic training 

program despite an increase in reported mental stress. 

Discussion 

The PWc
170 

test results indicated that at the start of this 

experiment the subject group was of slightly lower aerobic fitness than 

the subject group seen in experiments 2 and 3 (80th percentile vs. 85th 

percentile, compared to normal Canadian males in the same age group; 

CAPHER, 1968). However, following 3 weeks of a mild aerobic training 

program, the subjects in this experiment had achieved the very high 
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Fig. 15a. Mean ( ± SE) changes in response to the exercise stimulus (30s supramaximal work) 

for serum Fe and a1AT, in untrained subjects before (Pre-An T) and following (Post-An T) 

a short anaerobic training program. 

Subjects showing an increase in serum Fe were designated group A, a decrease, group B. 
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Fig. 15b. Normalized mean (± SE) changes in response to the exercise stimulus (30s supramaximal work) for serum Fe and U1AT, 
in untrained subjects. Subjects showing an increase in serum were designated as group A, a decrease, group B. 
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Fig.16 The correlation between the change in serum Fe and a1AT 20 hr post 30s supramaximal exercise in untrained subjects. r= -0. 71 
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aerobic fitness level (95th percentile) seen previously. This degree of 

improvement over 3 weeks training at 70% maximum heart rate was 

comparable to results seen elsewhere (Smith and Wenger, 1981). The mean 

power outputs for the pre-AnT and post-AnT 30s "all-out" exercise bouts 

were very similar to the values seen in the previous experiments 

(Appendix 7), and indicated a similarly high degree of anaerobic 

capacity. However, the peak blood lactate values for the pre-AnT and 

post-AnT test bouts were significantly lower than those obtained for the 

other experiments using physical education students (experiments 1, 2 

and 3). It is suggested that the difference was due to the use of only 

one 30s supramaximal exercise bout whereas experiments 1 and 2 had used 

2 x 30s. This is discussed further in experiment 3. 

Mean power outputs for each supramaximal bout during the AnT 

sessions increased only slightly (non-significant change), and neither 

the mean power outputs nor the blood lactate concentrations for the 

post-AnT week were significantly increased from the pre-AnT week 

(Table 10). Thus, the 5 supramaximal exercise sessions did not appear 

to have produced any training effect in these subjects, as indicated by 

measures of glycolytic capacity (power output and peak blood lactate). 

However, the change in the response of serum Fe and a
1

AT, that is, the 

change in indicators of the degree of inflammation produced, in response 

to 30s of supramaximal effort did show a training effect. The magnitude 

of pre-AnT values for the change in serum Fe and a
1

AT for group A were 

comparable to the change seen post-AnT for this group. However, the 

distribution of subjects shifted from 33% group A, 67% group B pre-AnT, 

to 100% group A post-AnT. This change seen for group A, both pre-AnT 
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and post-AnT was also very similar to that obtained for the previous 

experiments (Appendix 11). However, while the degree of change seen for 

group B pre-AnT was similar to previous results, the post-AnT results 

placed all subjects into group A (Figure 15a). Furthermore, anecdotal 

reports of external stress increased from the pre-AnT to the post-AnT 

tests. Thus, the AnT clearly increased the capacity for exercise stress 

of this group. 

In summary, a short-term anaerobic training program caused a shift 

of individuals from the inflammatory response to high-intensity exercise 

to the upward shift in serum Fe response. It appeared that the capacity 

for exercise stress of these individuals had been increased, without any 

changes in measures of glycolytic capacity. 
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CONCLUSION 

The model represented by Figure 17 was designed based upon the 

results of the 7 experiments. Following a short-duration, 

high-intensity stimulus (1 or 2 - 30s supramaximal exercise bouts) serum 

Fe produced 1 of 2 characteristic responses. Within 20 hr post-stimulus 

an abrupt, transient increase or decrease was seen in serum Fe levels. 

Figure 17 attempts to differentiate and provide some explanation for the 

two responses. 

As illustrated in Figure 17, several stimuli were possible. 

Reports have been made of increases (Ahlberg and Brohult, 1967; 

Lindemann et al., 1978; Refsum et al., 1976) and of decreases (Lindemann 

et al., 1978; Ross and Attwood, 1984) in serum Fe following long 

duration exercise of moderate intensities. In addition, the control 

experiment (experiment 4) illustrated that in the absence of a physical 

stimulus mental stress alone could apprently lead to shifts in serum Fe. 

This effect was also suspected throughout the study when subjects who 

had previously been able to tolerate the exercise stimulus (group A 

response) no longer could (group B response) (Appendix 12), without an 

apparent change in training status but with the reported addition of 

mental stress. 

Mechanisms have been proposed for these transient changes in serum 

Fe in response to the exercise stimuli (Figure 17). The suggestion that 

a local inflammatory response in the exercise muscle led to the drop in 

serum Fe is well supported by the clinically recognized roles of the RES 

and decreased serum Fe (Roeser, 1980) and increased a1AT (Werner, 1969); 



MOBILIZATION OF Fe STORES 
(RESPONSE TO LOCALIZED HYPOXIA ?) • t SERUM Fe 

! CX1AT 
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Fig 17. A model illustrating a possible mechanism behind the serum Fe response to high intensity exercise 
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by other investigations of exercise leading to raised levels of acute 

phase reactants (Dufaux et al., 1984; Liesen et al., 1977); and by 

investigations providing biochemical and morphological evidence of 

localized lesions in exercised muscle (Fitts et al., 1982; Friden, 1984; 

O'Reilly et al., 1987). However, the mechanism of the increase in serum 

Fe was less clear. Hypoxia was suggested as the underlying stimulus, 

leading to a mobilization of Fe stores from the RES (Figure 17). 

Whether or not hypoxia occurs in exercised muscle has been the subject 

of much debate (Brooks, 1985; Davis, 1985) . In any case, hormonal 

mediators may be involved; both erythropoietin (Guyton, 1976) and ACTH 

(Farrell et al., 1983) are secreted with an hypoxic stimulus, and both 

lead to raised levels of serum Fe. ACTH is also released by mental 

stress; this may explain some of the baseline fluctuations seen in these 

experiments. The area certainly requires further investigation. 

The two groups showing the two serum Fe responses (increase: 

group A; decrease: group B) could not be differentiated based upon mean 

power output or peak blood lactate. The subject groups in experiments 5 

and 6 were both recruited from populations accustomed to large volumes 

of exercise, including high-intensity training. They both showed a 

skewed distribution for a group A response in accordance with the level 

of training to which the subjects had been exposed over the long term. 

In the pre-AnT experiment (7a) and in experiment 3, groups of 

non-formally trained physical education students showed a skewed 

distribution towards the group B response. Experiments 2 and 3 had 

demonstrated that an aerobic training program of sufficient intensity 

and duration to increase aerobic capacity did not have an effect on the 
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ability to tolerate high-intensity exercise. Yet, in the post-AnT 

experiment (7b), a short-term anaerobic training program had a marked 

effect on the ability of the subjects to perform high-intensity work 

without producing indicators of exercise-induced inflammation. 

Furthermore, this change occurred without increases in mean power output 

or peak blood lactate concentration. The training appeared to have 

produced an increase in the ability to tolerate high-intensity work 

without improvement in indicators of glycolytic capacity (mean power 

output and peak blood lactate). Thus, there appears to exist a 

biochemical response to exercise (indicating inflammation) which is 

trainable, but which is also distinct from classical measures of aerobic 

and anaerobic capacity. This response is suggested to be determined by 

the total volume of stress: the cumulative effect of intensity, 

duration and frequency of work as well as external stresses exerted upon 

an individual at any one time. Elicitation of an inflammatory response 

would thus depend upon the capacity of an individual to tolerate stress 

(Figure 17) as determined by previous exposure to varying volumes of 

stress. The indicator of the capacity identified by these experiments 

was the presence or absence of the metabolic shift associated with 

inflammatory processes such as changes in serum Fe and a
1 

AT values. 

Furthermore, this indicator was demonstrated to be sensitive to both the 

current training state of an individual (as demonstrated by the 

experiments with highly trained athletes [5 and 6] and the AnT training 

'program [experiment 7]), and to the total volume of stress exerted upon 

an individual (as demonstrated by the effects of mental and physical 

stress). 



106 

This work has ramifications for individuals undergoing heavy 

training programs. Knowledge of the serum Fe response to a particular 

workout over time could be used to evaluate the current capacity of an 

individual. This may be useful in assessing training status changes and 

in the avoidance of the "over-trained" state. 

The model presented in Figure 17 was developed early in the 

progression of these experiments. Subsequently, it was discovered that 

an independent report of a very similar design had been made (Dufaux et 

al., 1984). Further work evaluating other modes, intensities and 

volumes of exercise, other indicators of the inflammatory response, as 

well as direct examination of the exercised muscle need to be carried 

out. In addition, the alternate response of an increase in serum Fe 

requires investigation including an examination of the acute and chronic 

effects of elevated Fe mobilization. 
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APPENDICES 



Appendix 1. Mean (±SE) physical characteristics and normative data 
for subjects who particpated in the various experiments. 

Exp Ht Wt Age Hb Hct Fe 
(g•dr 1) 

-1 (ems) (kg) (yrs) (%) (µ g•dl ) 

1 180.2 ± 3.2 71.3 ± 2.3 21 ± 1 17.1 ± .2 48.0 ± 0.5 101 ± 9 

2 181.3 ± 2.2 71.0 ± 2.9 20 ± 1 16.8 ± .4 49.5 ± 0.5 96±5 

3 181.3 ± 2.2 71.0 ± 2.9 20± 1 16.2 ± .2 47.5 ± 0.5 83 ± 9 

4 184.9 ± 3.6 81.5 ± 2.7 25±2 16.7 ± .2 48.9 ± 0.5 125 ± 13 . 

5 176.7 ± 5.6 74.2 ± 4.3 23±3 16.7 ± .3 47.7±1.0 96±5 

6 176.7 ± 5.6 74.2 ± 4.3 23±3 46.8 ± 1.0 102 ± 17 

7 179.2 ± 1.6 71.5 ± 3.6 22 ± 2 16.4 ± .2 47.0 ± 0.5 91 ± 16 

Normal Values 
13.5-18.0 40 - 50 70 - 175 

(CML Laboratories 1987) 

TIBC 
- 1 

(µg•dl ) 

324 ± 18 

300 ± 20 

275 ± 16 

374 ± 11 

287 ± 19 

285 ± 17 

250 - 410 

Sat. 
(%) 

30±3 

21 ± 4 

46±5 

26±2 

39±8 

33±4 

20 - 55 

1---' 
1---' 
co 
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Appendix 2a. - 1 
Raw data for serum Fe (µg•dl ) and ~ AT (g•l 

1 
) for untrained subjects 

before and after 2x30s supramaximal exercise. The highlighted area 
indicates pre and post exercise values. 

3 4 5 

>=N?hAJ:>=t 
B 85 127 1.23 87 125 1.37 107 

2 B 60 76 1.87 64 2.07 61 1. 71 71 

3 A 113 115 0.76 140 0.75 133 0.73 77 

4 B 198 146 1.43 133 1. 72 172 1.49 136 

5 B 70 107 1.89 44 1.77 74 1.88 41 

6 A 89 114 1.51 117 1.42 93 1.54 87 

7 A 100 110 1.36 138 1.51 142 1.52 107 

8 B 65 119 1.46 105 1.66 59 1.47 143 

9 A 96 1.68 120 1.81 85 1.76 124 

10 B 96 165 1.3.7 77 1.34 136 1.40 98 

11 B 77 88 1.53 64 1.90 69 1.85 95 

12 B 123 141 0.71 123 0.71 144 0.68 93 

13 B 143 148 1.48 141 1.75 117 1.90 130 

14 A . 68 99 1.93 119 1.82 73 1.82 68 

15 B 152 151 1.43 93 1.48 115 1.51 

16 A 95 114 1.52 163 1.47 120 1.50 133 

17 A 85 106 1.53 145 1.40 1.33 70 
x 101 119 1.46 110 1.53 106 1.50 99 
SE 9 6 0.08 8 0 .09 0.08 7 

xA• 92 @108 1.47 @#135 1.45 104 1.46 95 
SE 6 3 0 .36 64 0.36 0.14 10 

X s• 107 @137 @ 1.48 @#93 @1 .58 107 1.53 102 
SE 144 9.2 0.10 10 0.12 12 0. 11 11 

• Subject grouping based on serum Fe response to the test exercise stimulus. 
# Group A significantly different form group B p < .01. 
@ Pre-exercise significantly different from post-exercise p < .025. 



Appendix 2b. 6 _1 12 -1 
Raw data for% and absolute reticulocite (x1 O • I ), and RBC count (x1 O • I ) for untrained subjects before and after 
2x30s supramaximal exercise. The highlighted area indicated pre and post exercise values. 

/:/ ::::::::Jiili:11:: 
1 4.84 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

11 

1 2 

13 

14 

15 

16 

17 
xall 
S: 
xA 
~ 

xB 
S: 

.51 

.22 

.31 

.59 

.12 

.36 

.55 

.24 

.33 

.30 

.56 

.23 

.28 

.29 

.16 

.32 

.04 

.23 

.03 

.38 

.05 

20.81 

10.45 

14.45 

25 .55 

5 .58 

15.41 

20.85 

11 .03 

14 .02 

12 .06 

25 .99 

10 .43 

13 .12 

12 .07 

6 .03 
14.01 

1 .59 
10.0 
1 .28 

16 .42 
2 .07 

4.08 .59 I 

4.75 .13 

4.66 .50 

4 .33 .74 

4.65 .41 

4 .28 .32 

3.79 .72 

.52 

4 .62 .38 

4 .27 .66 

4 .02 .36 

4.61 .47 

4.45 .53 

4 .61 .38 

4.18 . 13 

3 .83 .34 
4.35 .44 
0 .08 .04 
4 .36 .34 
0 . 12 .06 
4 .35 .50 
0.10 .05 

21 .36 I 3 .62 I .56 I · 22.95 

5.67 4.36 .47 19.41 

23.00 4 .60 .36 14 .01 

30.34 4 . 10 .57 22 .10 

19.93 4 .86 .34 15.16 

14.53 4 .44 .21 9.14 

29 .52 4.10 .53 20 .38 

23 .09 4 .44 .50 21 .75 

16 .59 4 .36 .44 20 .22 

28 .38 4 .29 .39 15.48 

16 .39 4 .55 .47 20.91 

21 .34 4 .57 .39 17 .41 

23 .54 4.41 .48 21.18 

15 .07 3.96 .29 12 .64 

5.81 4.54 .48 21 .48 

13 .20 3.93 .31 12 .11 
18.61 4 .29 .42 17 .87 

1 .85 0 .08 .02 0 .99 
15.11 4.43 .40 17 .21 

2 .84 0 .10 .04 1 .89 
21 .06 4 .19 .44 18 .32 

2 .23 0 .11 .03 1.11 

4 .09 .54 20.29 3 .79 .52 19 .41 3.74 

4.13 .42 17 .95 4 .30 .57 26 .44 4 .61 

3 .87 .59 26.15 4 .44 .19 8 .38 4 .49 

3 .89 .39 17.47 4 .48 .54 24 .22 4.50 

4 .39 .36 16 .66 4.61 .40 19 .36 4 .82 

4 .46 . 11 I 5.02 I 4.41 .13 5.90 4 .51 

3 .88 .24 10 .12 I 4 .15 .63 25 .84 4.13 

4 .35 .47 20.28 I 4 .36 .37 16 .48 4 .46 

4 .65 .47 20 .57 I 4 .39 .32 13 .46 4 .25 

3 .95 .63 I 28.47 I 4 .51 .47 18.70 4 .01 

4 .46 .62 I 27 .45 I 4 .46 .34 14 .81 4 .32 

4.44 .41 17 .69 I 4.28 .45 19 .06 4 .28 

4.44 .32 13.80 I 4.38 .51 21.11 4 .15 

4 .40 .29 12.84 I 4.38 

4 .49 .31 13 .66 4 .38 . 10 3 .97 4 .40 

3 .88 .20 7.83 3 .89 . 10 3 .95 4 .02 
4 .24 .39 16.86 4 .34 .38 16 .27 4 .35 
0.06 .04 1 .62 0 .05 .04 1.83 0 .07 
4 .31 .31 13 .60 4 .33 .31 13 .89 4 .42 
0 .08 .05 2 .01 0 .08 .08 3 .48 0 .10 
4 .19 .44 19.14 4 .35 .43 18.12 4 .28 
0.09 .05 2 .14 0 .07 .04 1.59 0.09 I I-' 

N 
0 



Appendix 3. Mean power output (watts • kg-1) for each 30's 'all out' exercise bout 
and peak blood lactate (mmol•I -1) concentration (3 min past the 
second exercise bout for untrained sub·ects . 

Subject Power Output Peak Blood Lactate 

?tt~@J)tt t::tPtdl.l§Wt/JiJJ 
B 12.2 9.5 13.7 

2 B 11 .3 9.4 17.6 

3 A 12.6 11 .5 19.3 

4 B 10.7 8.3 16.4 

5 B 9.9 8.2 17.7 

6 A 11.2 9.8 16.2 

7 A 11.3 9.8 13.8 

8 B 10.9 9.1 14.1 

9 A 12.1 8.8 21 .0 

1 0 B 12.2 9.4 16.7 

11 B 9.7 8.5 15.2 

12 B 12.8 11 .5 16.5 

13 B 11 .1 7.5 17.2 

14 A 10.2 8.0 19.4 

15 B 12.1 9.5 13.6 

16 A 11 .0 9.3 13.8 

17 A 10.6 9.0 13.3 
X 11 .3 9.2 16.2 
SE 0.2 0.3 0.6 

xA* 11.3 9.5 16.7 
SE 0.1 0.2 0.5 
xs· 11 .3 9.1 15.9 

E .1 .1 .2 
• Grouping based on serum Fe response to the test exercise stimulus. 
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Appendix 4. Raw data for serum Fe (µg•df 1 ) for untrained subjects before and after 2x30s 
supramaximal exercise. The highlighted area indicates pre and post exercise 
values. 

Group* Day 

A 61 93 91 101 103 

2 A 53 97 89 153 111 

3 A 69 107 106 120 101 

4 B 68 82 108 66 96 

5 B 57 83 99 79 81 

6 B 53 93 66 66 143 

7 B 82 117 111 79 138 

x all 63 96 96 95 111 

S'E 4 5 6 12 9 

x A * 61 99 95 # 125 105 

SE 5 4 5 15 3 

x B * 65 94 96 @# 73 115 

SE 7 9 10 4 15 

* Grouping based on serum Fe response to the test exercise stimulus. 
# Group A significantly different from group B p < .01. 
@ Significantly different from resting p < .025. 
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Appendix 5. A summary of mean (±SE) serum Fe values (µ.g•dl "1) and a. 1 AT values (g•f 1 ) for the various experiments. The table is organized 
such that the exercise stimulus was performed on day 3 in all cases. 

Experiment I DAY 

@Resting 1 2 3 4 5 
:>::::::: • ::: «t~r::..t .-: -::-:-: :~>tJJrn J~:;:1m:j: •:-: -:- :-:-:-:::::: )P:ti:t /j ':j}:]}i~ #/JJ!i I i!il:r/1I :tij}~mJt ::::::::::/:-: cc,;,, :: ::: :::::: 

L ,", :-:-: -:- :-:-:-

1 A* 101 ±4 1.47 ± .36 ----- 92±6 ----- 108±3 1.47± .36 •#135±6 1.45± .36 104 ± 10 1.46± .14 

1 B* 117±9 1.45± .10 ----- 107± 14 ---- 127±9 1.45± .10 •#93 ± 10 •1.58±.12 107 ± 12 1.53 ± .11 

Daily Mean 119±6 1.46± .08 ---- 101 ±9 ---- 119±6 1.46± .08 110±8 1.53 ± .09 106±8 1.50± .08 

2A* 97±3 ---- 61 ±5 99±4 ----- 95±5 ----- #125± 15 ----- 105 ±3 

2 B* 95±6 ----- 65±7 94±9 ----- 96±10 ----- -#73±4 ----- 115±15 

Daily Mean 96±4 ----- 63±4 96±5 ----- 96±6 ----- 95± 12 ----- 111 ± 9 

3 A* 98±1 1.43± .02 91 ±24 108± 1 1.40± .03 88±3 1.46± .06 171 ±40 1.35± .04 76±24 

3 B* 108±11 1.24 ± .15 81 ± 11 101 ± 20 1.43 ± .07 106± 14 1.20± .14 •81 ±3 1.36± .17 96±14 

Daily Mean 105±7 1.29 ± .11 83±9 103± 14 1.42± .05 101 ± 10 1.27± .10 106±17 1.35 ± .11 90± 11 

4 (control) 128±7 ---- 125± 13 130±8 ---- 120± 10 

5 A* 97±5 1.55 ± .18 ----- 99±6 1.45± .08 95±8 1.55± .07 •#129±6 1.50± .08 

5 B* 103 ± 10 1.30± .05 ----- 87± 1 1.29± .09 119±6 1.31 ± .07 -#75 ± 2 •1.48± .07 

Daily Mean 93±5 1.45 ± .05 ----- 96±5 1.41 ± .07 101 ± 7 1.49± .07 115±10 1.50± .06 

6A* 86±7 1.43 ± .03 ----- ----- ----- 86±7 1.43± .05 •121 ± 8 1.42± .06 

6 B* 194 1.48 ----- ----- ----- 194 1.48 145 1.63 

Dail:t: Mean 99±10 1.43 ± .04 ----- ----- ----- 102 ± 17 1.43± .04 124±7 1.46± .07 

Pre An-Tr 

7 A* 90±12 1.69± .12 79±19 90 1.61 ± .15 90±20 1.61±.15 172± 28 1.52± .16 219 

7 B* 113±8 1.39± .03 98±23 119±17 1.40± .04 119± 17 1.40± .04 90±7 1.46± .03 100±26 

Daily Mean 107±7 1.47 ± .05 91 ± 16 104± 5 1.48± .10 110 ± 13 1.52± .06 118±19 1.48± .04 124± 31 

Post An-Tr 

7 A* 102±9 1.38± .05 90±9 I 112±15 I ----- I 92± 12 I 1.38± .o5 I -123 ± 14 I 1.40± .05 I 101± 13 

7 B* ---- ----- ----

Daily Mean 102±9 1.38 ± .05 90±9 112±15 ----- 92± 12 1.38 ± .05 123 ± 14 1.40 ± _05 I 101 ± 13 

@ Mean of two resting days. 
• Grouping based on serum Fe response to the exercise stimulus. 

I-' 
# Group A significantly different from group B p < .01. N 

• Resting significantly different from post exercise p < .025. w 



Appendix 6. Mean power output (watts• kg-1 ) for each 30's 'all out' exercise bout and 
peak blood lactate concentration (mmol•I -1) (3 min post the final exercise 
bout), for untrained subjects. 

Subject Group* Day 

:u::=:me,:ijqim::1( . : : : :_>•:· · :-::::: ::Jie:qµf:/2><>> =-:-=•=-:· ::iijj_1_0_:_'_:_'_:_;_b_'_:_'._: ;_a_'_:_'._'._'._:_:.:_. _.:_u_:_:_:_:_\_a_:_'_:_'_:_c_'_:·:_'_:_'_t_'_:_".•.:.c._'_:_'_:_:_:_:_:_:_:_A _'._'..:_:_c_'..~.'.. '.:_i tt_'. :_:_: :_:_:_:_:_:_:_;_:_;_:_:_:_:_:_:_ 

.•,•.·,·.·.·.·.·.·.·.·.·.·.··.·.·.·.:-:-// :-:-: ............ . -:-:-:-:-:-:-:-:,:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-

A 9.8 9.0 14.5 

2 A 11.3 10.0 11.7 

3 A 12.7 11.1 16.2 

4 B 11.5 9.4 18.6 

5 B 11.8 8.6 15.4 

6 B 10.8 8.7 14.0 

7 B 12.3 9.1 13.1 

x all 11 .5 9.4 14.8 

SE 0.4 0.3 0.8 

x A* 11 .3 10.0 14.1 

SE 0.8 0.6 1.3 

x B* 11.6 8.9 15.3 

SE 0.3 0.2 1.2 

• Grouping based on serum Fe response to the test exercise stimulus (day 3-4). 

124 



Appendix 7. A summary of mean values (±SE) for mean power output (watts•kg-1 
) 

and peak blood lactate concentration (mmol•I -1) for the experimental 
groups. (Grouping based on Serum Fe response to the test exercise). 

Experiment Mean Power Output Peak Blood Lactate 

Bout 1 Bout 2 

1 Group A 11.3 ± .1 9.5±.2 16.7 ± .5 

1 Group B 11.3 ± .1 9.1 ± .1 15.9 ± .2 

1 Grand x 11.3 ± .2 92.±.3 16.2± .6 

2 Group A 11.3 ± .8 10.0±.6 14.1 ± 1.3 

2 Group B 11.6 ± .3 8.9±.2 15.3 ± 1.2 

2 Grand x 11.5 ± .4 9.4±.3 14.8± .8 

3 Group A 11.5 ± .1 ------------ 14.8± .7 

3 Group B 11.7 ± .5 ------------ 15.1 ± .5 

3 Grand x 11.7 ± .3 ------------ 15.0 ± .5 

5 Group A 11.0 ± .2 ------------ 8.4 ± .4 

5 Group B 10.4 ± .3 ------------ 7.8±.5 

5 Grand x 10.5± .2 ------------ # 8.24± .4 

6 Group A 11.8 ± .4 ------------ ------------

6 Group B 11.5 ------------ ------------

6 Grand x 11.7 ± .3 ------------ ------------

Pre-Train 

7 Group A 10.9 ± .1 ------------ 9.3± 1.2 

7 Group B 11.3 ± .6 ------------ 10.1 ± 1.2 

7 Grand x 11.2 ± .4 ------------ # 9.8± .8 

Post-Train 

7 Group A 11.6 ± .5 ------------ 10.5 ± .8 

7 Group B -------------- ------------ --------------

7 Grand x 11.6 ± .5 ------------ # 10.5 ± .8 

# Significantly diferent from experiments 1, 2 and 3. 
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Appendix 8. 

126 

PWC 170 values (kpm•min -1) for subjects who participated in experiment 2 
and 3 as measured on the first day of each week of the experimental period. 

Subject * Group PWC 170 (kpm•min -1 ) 

1 A 1120 

2 A 1490 

3 A 1465 

4 8 1380 

5 8 1300 

6 8 1350 

7 8 1190 

x 1324 

SE 56 

x A* 1358 

SE 119 

x 8 * 1309 

SE 42 

1420 

1850 

1640 

1595 

1250 

1720 

1310 

1541 

84 

1637 

124 

1469 

113 

8 

A 

B 

A 

B 

8 

B 

1380 

1620 

1670 

1550 

1340 

1700 

1430 

1527 

55 

1585 

35 

1504 

75 

• Grouping based on serum Fe response to the test exercise stimulus. 



Appendix 9. Raw data for serum Fe (µg•dl"1 
) and a.1 AT (g•C

1 
) for untrained subjects before 

and after 30s supramaximal exercises. The highlighted area indicates pre and 
post exercise values. 

Fe Fe a.1AT Fe a.
1
AT Fe a.1AT 

B 64 143 1.27 94 1.41 77 1.57 

2 A 67 109 1.38 85 1.51 210 1.38 

3 B 93 67 1.48 149 0.67 82 0.71 

4 A 114 107 1.42 90 1.40 131 1.31 

5 B 61 85 1.34 67 1.26 75 1.41 

6 B 66 55 1.67 101 1.41 80 1.68 

7 B 119 153 1.41 120 1.25 90 1.41 

x 83 103 1.42 101 1.27 106 1.35 

SE 9 14 0.05 10 0.10 17 0.11 

x A* 91 108 1.40 88 1.46 #171 1.35 

SE 24 0.03 3 0.06 40 0.04 

x B * 81 101 1.43 106 1.20 @#81 @1 .36 

SE 11 20 0.07 14 0.14 3 0.17 

* Grouping based on serum Fe response to the test exercise. 
# Group A significantly different from group B p < .01. 
@ Significantly different from resting value p < .025. 

127 

Fe 

73 

99 

120 

52 

108 

56 

125 

90 

11 

76 

24 

96 
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Appendix 10. Mean power (watts• kg-1 
) output and peak blood lactate 

(mmol •r1 
) concentration for one 30s 'all out' exercise bout 

on the Combimax cycle ergometer for untrained subjects. 

Subject *Group Power Output Blood Lactate 
Concentration 

1 B 10.4 13.5 

2 A 11.4 13.1 

3 B 12.9 14.7 

4 A 11.6 16.4 

5 B 12.1 15.8 

6 B 10.7 16.2 

7 B 12.4 15.5 

x (all) 
11.7 15.0 

SE 0.3 0.5 

* x (A) 11.5 14.8 

SE 0.1 · 1.7 

* x (B) 11.7 15.1 

SE 0.5 0.5 

* Grouping based on serum Fe response to the exercise stimulus. 
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Appendix 11 . A summary table giving the (±SE) change in serum Fe and a.1 AT 
(Diff = Post Stirn - Resting) for the various experiments. Grouping 
is based on serum Fe response to the test exercise. Positive values 
indicate an increase, negative values a decrease. 

x±SE Change with High Reciprocal 
Experiment Intensity Exercise Relatlonshlc 

-1~~111!1~~! lt~lilllilliLli~ 111111! llllllfli !i i'iil! lfl !i 
1A 7 #*27±6 20% -.02±.04 -1% 5/7 71 

1B 10 #*_33 ± 9 27% *.13±.05 9% 8/ 10 80 76 

2A 3 #28 ± 16 29% 

2B 4 #*23 ± 6 32% 

3A 2 #73 ± 40 43% -.09 ± .02 -7% 2/2 100 

3B 5 #:27 ± 8 33% *.12 ± .03 10% 5/5 100 100 

SA 6 #* 28 ± 8 29% -.05 ± .03 -3% 5/6 83 

5B 2 #* -29 ± 1 39% ~18±.01 14% 2/2 100 88 

6A 6 #* 34 ± 7 28% -.01 ± .03 -1% 2/5 40 

6B # -49 34°/~ .15 9% 1 / 1 100 50 

7A pre 2 81 ± 37 55% -.12±.02 -8% 2/2 100 

7B 4 -23 ± 12 26% .06 ± .05 4% 8/4 75 83 

7A post 7 #*31 ± 12 25% .02 ± .03 1% 3/6 50 50 

7B 

# Group A significantly different from Group B p < .01. 
* Post exercise significantly different from resting p < .025. 
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Appendix 12. Serum Fe response to a high intensity exercise stimulus for 
subjects who participated in more than one experiment. The 
arrow indicates the direction of the shift in serum Fe, the 
adjacent number indicates the experiment number. 

Stimulus 

BG 

G 

MA 

SP 

AK 

BT 

JB 

DV 

B 

M 

JS 

D 

A 

p 

C 

-2 
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Appendix 13. Serum Fe concentration (µg•dl -1) for control subjects. 

::::i:1:tiijg);i9lii:!:::l!:1: 
1 

2 

3 

4 

5 

6 

7 

x 

SE 

92 

140 

182 

89 

148 

112 

113 

125 

13 

DAY 

130 

157 

150 

103 

137 

110 

122 

130 

8 

155 

120 

88 

95 

154 

31 

100 

120 

10 
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Appendix 14. Serum Fe (µg•dl -1
) and o. AT(g•r1 

) for well trained biathletes before and 
after 30s of supramaxima1 exercise. The highlighted area indicates pre and 
post exercise values. 

Subject * Group Day 

Fe 0.
1
AT Fe 0.

1
AT Fe 0.

1
AT 

1 A 91 1.61 88 1.64 142 1.56 

2 B 86 1.20 125 1.24 76 1.41 

3 A 120 1.22 98 1.30 149 1.21 

4 A 78 1.49 87 1.45 129 1.32 

5 A 92 1.57 117 1.61 119 1.68 

6 B 88 1.38 113 1.38 73 1.55 

7 A 112 1.61 115 1.52 119 1.54 

8 A 103 1.20 62 1.80 113 1.70 

x A * 99 1.45 95 1.55 @#129 1.50 

SE 6 0.08 8 0.07 6 0.08 

x B * 87 1.29 119 1.31 
@# 

75 @1.48 

SE 0.09 6 0.07 2 0.07 

x all 96 1.41 101 1.49 115 1.50 

SE 5 0.07 7 0.07 9.8 0.06 

* Grouping based on serum Fe response to the test exercise stimulus (day 2-3). 
# Group A significantly different from group B p <.01. 
@ Significantly different from resting p < .025. 
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Appendix 15. 

133 

Mean power output (watts•kg ·1 ) and peak blood lactate concentration 
(mmol•I -1) for one 30's 'all out' exercise bout on a Combimax cycle 
ergometer. Subjects were well trained biathletes. 

. . . . . . 

Iit§y]illi#:1J :im::::]~:r 9.µp:f \tM:e:an. :::e2:w:~t<:1J~jpµf :::i · · :: : 1:::J\ee:a.1 {ijt iPa: Jiae.:t:a1:e? ::tt' 
1 A 11.0 7.0 

2 B 10.1 7.3 

3 A 10.3 7.5 

4 A 10.7 8.4 

5 A 11.9 9.4 

6 B 10.6 8.2 

7 A 10.9 8.3 

8 A 11.2 9.8 

xA* 11.0 8.4 

SE 0.2 0.4 

x B * 10.4 7.8 

SE 0.3 0.5 

x all 10.8 # 8.2 

SE 0.2 1.6 

* Grouping based on serum Fe response exercise. 
# Significantly different from experiments 1,2, and 3 p <.01. 
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Appendix 16. Resting data for serum Fe (µg•dl ) for seven male members of 

Canada's National Men's Speedskating team who participated 
in experiment 6. 

Subject Day 

1 
153 151 152 

2 
103 107 97 

3 
86 90 84 

4 
73 77 79 

5 
100 110 106 

6 
63 55 54 

7 
9S 95 115 

x A* 96 98 95 

SE 
13 13 14 

x B * 95 95 115 

SE 

x day 96 98 98 

SE 
11 12 11 
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Appendix 17. Data collected on the seven male National Speedskating team members 
before and after the high intensity exercise stimulus (30s supramximal 
work). Serum Fe is reported in µg•I -1 and a 1AT in g•I -1 . 

Subject * Group Day 

Fe a 1AT Fe a 1AT 

1 A 100 1.54 150 1.42 

2 A 62 1.36 117 

3 A 73 1.33 108 1.31 

4 A 99 1.47 114 1.51 

5 A 81 1.27 100 1.28 

6 A 103 1.58 134 1.60 

7 B 194 1.48 145 1.63 

x A* 86 1.43 @121 1.42 

SE 7 0.05 8 0.06 

x B * 194 1.48 145 1.63 

SE 

x all 102 1.43 124 1.46 

SE 17 0.04 7 0.07 

* Grouping based on serum Fe response to test exercise stimulus. 
@ significantly different from pre-exercise value p < .025. 
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Appendix 18. Mean power outputs as obtained for 1 x 30's 'all out' bout 
on the Monark ergometer for elite speedskaters. 

Subject Group* Power (watts • kg ·1
) 

1 A 12.6 

2 A 11.3 

3 A 12.8 

4 A 11.2 

5 A 10.5 

6 A 12.3 

7 B 11.5 

x A* 11.8 

SE 0.4 

x B * 11.5 

SE ---

x all 11.7 

SE 0.3 

• Grouping based on serum Fe response to test exercise stimulus . 
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Appendix 19. Raw data for serum Fe (µg•dr
1

) and a 1 AT(g•r
1 

) for untrained subjects before (a) and 
after (b) a short term anaerobic training program. The highlighted area indicates pre 
and post exercise (30s supramaximal work) values. 

a) pre anaerobic training. 

-:ij"J:ts1;~( } J~lM:i: 
Fe Fe a 1AT Fe a 1AT Fe a 1AT Fe 

A 60 90 1.85 110 1.76 144 1.67 

2 B 74 102 1.35 168 1.36 76 1.43 176 

3 B 78 116 1.51 92 1.49 96 1.43 63 

4 A 98 69 1.46 200 1.36 219 

5 B 166 111 1.31 112 1.43 106 1.53 83 

6 B 72 99 1.36 107 1.33 84 1.43 78 

x ±SE A• 79± 19 90 1.85 90± 21 1.61±.15 172 ± 28 1.52 ±.16 219 

x ±SE s• 98±23 107±4 1.38± .04 119 ± 17 .40± .04 90±7 1.46 ±.03 100 ±26 

x ±SE all 91 ±16 104 ± 5 .48 ± .10 100 ± 13 1.52 ±.06 118±19 1.48 ±.0 124 ±31 

b) post anaerobic training. 

:{~#}:;@:::: :gf§M 
Fe Fe Fe a 1AT Fe a 1AT Fe 

A 65 92 58 1.53 78 1.52 69 

2 A 60 76 89 1.43 165 1.51 142 

3 A 94 102 112 1.38 109 1.47 97 

4 A 115 178 136 1.44 153 1.36 126 

5 A 94 125 86 1.31 97 1.33 

6 A 112 95 72 1.20 135 1.19 103 

x ±SE A• 90±9 112± 15 92± 12 1.38±.05 123±14 1.40± .05 107±13 

x ±SE all 90 ± 9 112±15 92 ± 12 1.38±.05 123±14 1.40 ± .05 107±13 

• Grouping based upon serum Fe response to the exercise stimulus (day 3-4). 
# Significantly different from resting p < .05. 
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Appendix 20. PWC, 70 values (kpm•min~1 ) for untrained subjects before and 
after a short anaerobic training program as measured on the 
first day of each week of the experimental period. 

Subject * Group _ 

2 

3 

4 

5 

6 

xA* 

SE 

xB* 

SE 

xall 

SE 

A 

B 

B 

A 

B 

B 

1060 

1350 

1540 

1200 

1320 

1110 

1300 

70 

1330 

88 

1263 

72 

1500 

1400 

1790 

1790 

1540 

1220 

1645 

145 

1488 

120 

1540 

91 

* Grouping based on serum Fe response to test exercise in 
week 1 (untrained). 
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Appendix 21. Mean power output (watts•kg-1 
) and peak blood lactate concentrations 

(mmol•r1 )for the 30's 'all out' test exercise bout on the Combimax 
ergometer for untrained subjects before and after a short anaerobic 
training program. 

Subject * Group Mean Power Output 

1 A A 10.8 10.7 

2 B A 10.1 10.8 

3 B A 11 .5 13.2 

4 A A 10.9 10.9 

5 B A 12.9 13.4 

6 B A 10.8 10.8 

x A* 10.9 11.6 
SE 

0.1 0.6 

x B * 
11.3 

SE 
0.6 

x all 11.2 11.6 
SE 

0.4 0.5 

Blood Lactate 
Concentration 

10.5 10.5 

8.7 11.5 

9.1 9.2 

8.1 10.1 

13.4 13.7 

8.7 8.1 

9.3 10.5 

1.2 0.8 

10.1 

1.2 

# 9.8 # 10.5 

0.8 0.8 

* Grouping based on serum Fe response to exercise for the respective 
week test exercise stimulus. 

# Significantly different from experiments 1,2, and 3 p < .01. 

139 



Appendix 22. Mean power outputs (watts•kg-1 
) for each 20s 'all out' exercise bout during the anaerobic 

training sessions for previously untrained subjects. 

MEAN POWER OUTPUT 

Subject IGroupt Training Session 1 I Training Session 2 I Training Session 3 Training Session 4 · 

2 

3 

4 

5 

6 

yA* 

SE 

YB* 

SE 

xall 

SE 

-~eM!]l l .~e.~f;t.~:: 2e.g!f! !ig~i]l;))jl ~:im:::;1,,~:: ~;,e:m~:i!: !B;Bil:lf,t-1::: :t;g:~l~]i,t,: ;J,;g~;f ;~f; 1:2g'.Illl~1Ill :1:B:B;[f;1: ::t1::9.;g;,t1 
11.6 9.6 8.1 11.7 9.7 8.1 12.1 10.0 8.9 12.1 9.7 8.9 

I B I 10.8 9.4 8.7 11 .1 I 9.7 I 8.8 

12.2 I 11.3 I 10.7 

11.8 I 9.9 I 8.9 I 12.1 10.3 9.0 

I B 12.2 11.1 10.6 

IA 11.4 10.1 9.3 

I B 13.8 12.5 10.5 

B 10.3 9.3 8.7 

11.5 9.9 8.7 

0.1 0.3 I 0.6 

11.6 10.6 9.6 

1.1 0.8 0.5 

11.7 10.3 9.3 

0.5 0.5 0.4 

11. 7 I 10.3 I 9.3 

14.1 I 12.5 I 10.7 

10.5 I 9.5 I 8.8 

11.7 

0.0 

12.0 

0.8 

11.9 

0.5 

. 10.0 

0.3 

10.8 

0.7 

10.5 

0.5 

8.7 

0.6 

9.8 

0.6 

9.4 

0.4 

12.1 11.6 10.7 I 12.3 10.9 10.1 

11.9 10.4 9.3 11.9 10.4 9.4 

14.2 12.7 11.3 14.8 12.6 11.3 

11.4 9.8 9.0 11.3 10.2 9.6 

12.0 10.2 9.1 12.0 10.1 9.2 

0.1 0.2 0.2 0.1 0.4 0.3 

12.4 11.0 10.0 12.6 11.0 10.0 

0.6 0.7 0.6 0.8 0.6 0.5 

12.3 10.7 9.7 12.4 10.7 9.7 

0.4 0.5 0.4 0.5 0.4 0.4 

• Grouping based on Fe response to the exercise stimulus during the pre anaerobic test session. 
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Appendix 23. A summary of the statistical analyses performed upon 
experiment 1 . 

23a.) Between group comparisons 

Source of 
df Variable variation SS MS F p 

Serum Fe Group 4 9743.45 2435.86 "6.16 "0.0003 
Error 60 23722.81 395.38 
F 0.Q1 (4,60) = 3.65 

Retie% Group I 4 0.04 0.01 0.63 0.65 
Error 60 0.89 0.02 
F 0.01 (4,60) = 3.65 

Ab Retie ~ I 4 75.52 18.88 0.63 0.64 
Error 60 1796.02 29.93 
F 0.01 (4,60) = 3.65 

RSC Group 4 0.17 0.04 0.95 0.44 
Enor 60 271 0.05 
F 0.01 (4,60) = 3.65 

a.1 AT Group 2 0.04 0.02 214 0.14 
Error 3) 0.3:l 0.01 
F 0.01 (2,30) = 5.39 

Power output Group 1 0.00 0.00 0.00 
Enor 15 13.72 0.92 

Bout 1 F 0.01 (1 ,15) = 8.68 

Power output Group 1 0.56 0.56 0.47 
Error 15 17.83 1.19 

Bout 2 F 0.01 (1 , 15) = 8.68 

lactate ~ 1 274 274 0.49 
Error 15 84.00 5.61 
F0.01 (1 ,15)=8.68 

• Significant at p < .01 
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23b.) Between group comparisons, tests for significance in serum Fe. 

Source of 
df SS MS F Day variation p 

Mon (1) 
Group 1 949.55 949.55 0.72 0.41 
Error 15 19852.33 1323.49 
F 0.01(1,15) = 8.68 

Tues (2) 
Group 1 1499.91 1499.91 2.83 0.11 
Error 15 7957.03 530.47 
F 0.01(1,15) = 8.68 

Wed (3) Group 1 7081.86 7081.86 • 9.62 • 0.007 
Error 15 11044.61 736.31 
F 0.01(1,15) = 8.68 

Thurs (4) 
Group 1 46.01 46.01 0.04 0.85 
Error 15 18388.46 1225.90 
F 0.01(1,15) = 8.68 

Fri (5) 
Group 1 171.68 171.68 0.20 0.66 
Error 15 12643.26 842.88 
F 0.01(1,15) ""8.68 

• Significant at p < .01 



23c). Within group, between day comparisons. Paired, one-tailed t-tests 
for significance between resting and post exercise values. 

Variable df t CV 

Fe group A 6 *-4.89 3.14 

Fe group B 9 *3.88 2.82 

Cl 1 AT group A 6 0.37 3.14 

a 1 AT group B 9 *-2.77 2.26 

* significant difference seen 
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Appendix 24. A summary of the statistical analyses performed upon 
experirment 2. 

24a.) Between group comparisons. 

Source of 
df SS MS Variable variation F 

Serum Fe Group 3.55 4254.04 1063.50 *4.23 
Error 17.73 5033.53 251.68 
H-F epsilon= 0.89 
F 0.01 (3, 17) = 5.81 

Power output Group 1 0.19 0.19 0.18 
Bout 1 Error 5 5.39 1.08 

F 0.01 (1,5) = 16.26 

Power output Group 1 2.01 2.01 3.84 
Bout2 Error 5 2.62 0.52 

F 0.01 (1 ,5) = 16.26 

Lactate Group 1 2.23 2.23 0.40 
Error 5 27.75 5.55 
F 0.01 (1,5) = 16.26 

PWC170 Group 2 15226.4 7613.19 1.01 
Error 10 75190 .3 7519.03 
F 0.01 (2, 10) = 7.56 

* Significant at p < .01 
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24b.) Between group comparisons, tests for significance in serum Fe. 

Source of 
Day variation df SS MS 

Mon (1) 
Group 1 27.43 27.43 
Error 5 634.0 126.80 
F 0.01 (1,5) = 16.26 

Tues (2) 
Group 1 47.25 47.25 
Error 5 898.73 179.75 
F 0.01 (1,5) = 16.26 

Wed (3) Group 1 0.76 0 .76 
Error 5 1450.7 290.13 
F 0.01(1,5) = 16.26 

Thurs (4) 
Group 1 4665.19 4665.2 
Error 5 1553.67 310.73 
F 0.01 (1,5) = 16.26 

Fri (5) 
Group 1 154. 71 154.71 
Error 5 2885.0 577.00 
F 0.01 (1,5) = 16.26 

• Significant at p < .01 

24c). Within group, between day comparisons. Paired ,one-tailed t-tests 
for significance between resting and post exercise vaJues. 

Variable df t CV 

Fe group A 2 -1.67 1.886 

Fe group B 3 ~.99 3.182 

• significant difference seen 

F 

0.22 

0.26 

0.00 

•15_01 

0.27 
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0.66 

0.63 

0.96 

* 0.01 

0 .63 

p 

0.10 

0.25 
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Appendix 25. A summary of the statistical analysis performed on experiment 3. 

25a) Between group comparisons 

Source of 
Variable variation df SS MS F p 

Serum Fe Group 4 11534.9 2883.72 3.82 ·0 .02 

Error 20 15089.0 754 .45 
F 0.01 (4,20) = 4.43 

<lt AT Group 1.61 0.07 0.035 0.92 0.42 
Error 8.06 0 .40 0.041 
H-F epsilon= 0.81 
F 0.01 (2,8) = 8.65 

Power Group 1 0.02 0.02 0.02 
Output Error 5 4.84 0.97 

F 0.01 (1 ,5) = 16.26 

Lactate Group 1 0.03 0.03 0.01 
Error 5 10.21 2.04 
F 0.01(1,5) = 16.26 

PWC170 Group 1 4576.19 4576.19 0.19 0.68 
Error 5 120967 24193.3 
F 0.01 (1 ,5) = 16.26 

* Significant at p < .05 



25b.) Between group comparisons, tests for significance in serum Fe. 

Source of 
SS MS Day variation df F 

Mon (1) 
Group 1 140.01 140.01 0.19 
Error 5 3605.7 721.14 
F 0.01(1,5) = 16.26 

Tues (2) 
Group 1 82.51 82.51 0 .05 
Error 5 8029.2 1605.8 
F 0.01(1,5) = 16.26 

Wed (3) Group 1 499.56 499.56 0.67 
Error 5 3747.3 749.46 
F 0.01(1,5) = 16.26 

Thurs (4) 
Group 1 11494.4 11494.4 ·17.65 
Error 5 3255.30 651 .06 
F 0.01(1,5) = 16.26 

Fri (5) 
Group 1 624.01 624.01 0.65 
Error 5 4793.7 958.74 
F 0.01(1,5) = 16.26 

• Significant at p < .01 

25c). Within group, between day comparisons. Paired, one-tailed t-tests 
for significance between resting and post exercise values. 

Variable df t CV 

Fe group A 1 -1.83 12.71 

Fe group B 4 *3.35 2.78 

a 1 AT group A 1 5.67 12.71 

a 1 AT group B 4 *-3.74 2.78 

• significant difference seen 
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0.68 

0 .83 

0.45 

·0.009 

0 .46 

p 

0.025 

0.025 

0.025 

0.025 
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Appendix 26. A summary of the statistical anaylses performed on experiment 4. 

Between day comparison for serum Fe 

Source of variation df SS MS F 

Group 2 311.14 155.57 0.21 

Error 18 13621.00 756.75 

F 0.01 (2, 18) = 6.01 
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Appendix 27. A summary of the statistical analyses performed on experiment 5. 

27a) Between group comparisons 

Source of 
Variable variation df SS MS F * p 

Serum Fe 
2313. 76 *10.84 * 0.002 Group 2 4627.53 

Error 12 2560.89 213.41 
F 0.01 (2, 12) = 6.93 

CI1 AT 
Group 1 0.04 0.02 1.08 0.37 
Error 10 0.21 0.02 
F 0.01(1,10) = 10.04 

Power Group 1 1550.4 1550.4 0.79 Output Error 6 11727.0 1954.6 
F 0.01(1,6) = 13.75 

Lactate 
Group 1 0.63 0.63 0.62 
Error 6 6145.00 1.02 
F 0.01(1,6) = 13.75 

• Significant at p < .01 



27b.) Between group comparisons, tests for significance in Fe. 

Source of 
df SS MS F Day variation 

Tues (1) Group 1 228.17 228.17 1.16 

Error 6 1181.33 196.89 

F 0.01(1,6) = 13.75 

Wed(2) Group 1 900.38 900.38 2.49 
Error 6 2165.5 360.92 
F 0.01(1,6) = 13.75 

Thurs(3) Group 1 4374 .0 4374.0 
. 

25.33 
Error 6 1028.0 171.33 
F 0.01(1,6) = 13.75 

• significant at P< 0.01 

27c). Within group, between day comparisons. Paired, one-tailed t-tests 
for significance between resting and post exercise values. 

Variable df t CV 

Fe group A 5 *-4.12 4.03 

Fe group B 1 *29.0 12.71 

a 1 AT group A 5 1.56 1.476 

a 1 AT group B 1 *-18.0 12.71 

• significant difference seen 

p 

0.32 

0.17 

. 
0.00 

p 

0.005 

0.025 

0.10 

0.025 

----------
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Appendix 28. A summary of the statistical analyses performed on experiement 6. 

28a). Between group comparisons using difference scores, paired, one-tailed t-tests for significance. 

Variable df t CV 

Fe difference 5 • -4.79 3.37 

a1 AT difference 4 *2.37 2.13 

-

• significant difference seen 

28b). Within group, between day comparisons. Paired, one-tailed t-tests 
for significance between pre and post exercise values. 

Variable df t CV 

Fe group A 5 *-5.20 4.03 

Fe group B 0 

a 1 AT group A 4 0.50 1.53 

a 1 AT group B 0 

• significant difference seen 

p 

0.01 

0.05 

p 

0.005 

0.10 
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Appendix 29. A summary of the statistical analyses performed on experiment 7a. 

29a) Between group comparisons 

Source of 
Variable variation df SS MS F p 

Serum Fe 
Group 4 16425.1 4106.27 3.61 0.03 
Error 16 18195.2 1137.20 
F 0.01(4,16) = 4.77 

a 1 AT 
Group 2 0.07 0.03 * 8.78 *0.01 
Error 8 0.03 0.04 
F 0.01 (2,8) = 99.37 

Power Group 1 0.06 0.06 0.05 0.83 
Output Error 4 4.53 1.13 

F 0.01 (1 ,4) = 21 .20 

Lactate 
Group 1 1.61 1.60 0.36 0.57 
Error 4 17.63 4.41 
F 0.01 (1,4) = 21 .20 

PWC 170 Group 1 66.67 66.67 0.00 1.00 
Error 4 156067 39016.67 
F 0.01(1 ,4) = 21.20 

Power 0.80 0.80 0.61 
Output Group 1 

Error 22 28.66 1.30 

AnT Bout 1 F 0.01 (1 ,22) = 7.94 

Power 
Group 1 O.~ 0.04 Output 0.53 
Error 22 31 .82 1.45 

AnT Bout 2 
F 0.01 (1,22) = 7.94 

Power 
Group 4.56 Output 1 4.56 6.02 
Error 22 16.69 0.76 

· ('nT Bout 3 F 0.01(1 ,22) = 7.94 

\ 
* significant at P< 0.01 
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29b.) Between group comparisons, tests for significance in a1 AT. 

Source of 
df SS MS Day variation F 

Tues (2) 
Group 1 0.20 0.20 20.79 
Error 4 0.04 0.01 
F 0.01 (1,4) = 21.20 

Wed (3) 
Group 1 0.06 0.06 3.80 
Error 4 0.06 0.02 
F 0.01 (1,4) "" 21.20 

Thurs(4) Group 1 0.05 0.05 0.35 
Error 4 0.06 0.01 
F 0.01 (1,4) = 21.20 

29c). Within group, between day comparisons. Paired, one-tailed t-tests 
for significance between resting and post exercise values. 

Variable df t CV 

Fe group A 1 - 2.22 3.08 

Fe group B 3 1.86 1.64 

a 1 AT group A 1 6.00 6.31 

a 1 AT group B 3 - 1.26 1.64 
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Appendix 30. A summary of the statistical analyses performed upon experiment 7b. 

30a). Within group, between day comparisons. Paired ,one-tailed t-tests for 
significance between resting and post exercise values. 

Variable df t CV 

Fe group A 5 * - 2.47 2.015 

~ AT group A 5 -0.58 

• significant difference seen 

p 

0.05 

154 
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Appendix 31. A summary of the between experiment statistical analyses. 

Source of 
Variable variation df SS MS F 

Serum Fe 
Group 7 9231.20 1318.7 1.77 
Error 84 62719.0 746.65 
F 0.01(7,84) = 2.95 

a
1 

AT 
Group 5 0.15 0.03 0.58 
Error 65 3.35 0.52 
F 0.01 (5,65) = 3.34 

Power Group 6 4.59 0.77 0.90 Output Error 51 43.57 0.85 
F 0.01 (6,51) = 3.29 

Lactate 
Group 5 506.19 101.24 *26.5 
Error 45 171.91 3.82 
F 0.01 (5,45) = 3.51 

PWC 170 Group 4 459310 459310 3.44 
Error 28 934490 33375 
F 0.01 (4,28) = 4.07 

Power 2.02 0.67 0.50 
Output Group 3 

Error 20 27.44 1.37 
AnT Bout 1 
Sessions 1-4 F 0.01 (3,20) = 4.94 

Power 
Group 3 0.60 0.15 Output 0.20 

AnT Bout 2 
Error 20 26.76 1.34 

Sessions 1-4 
F 0.01 (3,20) = 4.94 

Power 
Group 0.24 Output 3 0.72 0.24 

AnT Bout 3 Error 20 20.53 1.03 

Session 1-4 F 0.01 (3,20) = 4.94 

• significant at p< 0.01 
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31 b) Between experiment comparisons, tests for significance in lactate. 

Experiment Source of variation df SS MSS F F .01 

1 vs 2 Group 1 10.00 10.00 1.88 F(1,22) = 7.95 
Error 22 116.82 5.31 

1 vs 3 Group 1 6.87 6.87 1.56 F(1,22) = 7.95 
Error 22 97.06 4.12 

1 vs 7a Group 1 345.41 345.41 * 84.87 F(1 ,23) = 7 .88 
Error 23 93.61 4.07 

1vs 7b Group 1 184.83 184.83 * 36.60 F(1,21) = 8.02 
Error 21 106.06 5.05 

1 vs 5 Group 1 143.54 143.54 * 28.52 F(1,21) = 8.02 
Error 21 105.68 5.03 

2vs3 Group 1 0.21 0.21 0.06 F(1,12) = 9.33 
Error 12 40.22 3.35 

2vs 5 Group 1 160.08 160.08 * 56.60 F(1,13)=9.07 
Error 13 36.77 2.83 

2 vs 7a Group 1 81.93 81.93 * 18.31 F(1,11) = 9.65 
Error 11 49.22 4.48 

2 vs 7b Group 1 58.88 58.88 * 13.26 F(1, 11) = 9.65 
Error 11 48.84 4.44 

* 
3 vs 5 Group 1 172.18 172.18 131.56 F(1,13)=9.07 

Error 13 17.01 1.31 

3 vs 7a Group 1 90.02 90.02 * 33.60 F(1,11) = 9.65 
Error 11 29.47 2.68 

3 vs 7b Group 1 65.77 65.77 * 24.88 F(1,11) = 9.65 
Error 11 29.08 2.64 

5vs 7a Group 1 7.84 7.84 3.62 F(1 ,12) = 9.33 
Error 12 26.01 2.17 

5 vs 7b Group 1 17.81 17.81 8.34 F(1,12) = 9.33 
Error 12 25.63 2.14 

7a vs 7b Group 1 1.76 1.76 0.46 F(1, 10) = 10.04 
Error 10 38.08 3.81 

* . significant at p<0.01 



Appendix 32. Difference scores (Post Stimulus - Resting) for serum Fe(µg•dl -1), a 1AT (g•t1 ) and the results of the 
regression analysis for these two variables (y = ax + b). . 

Subject 

1 serum Fe -40 -12 25 -13 -60 3 28 -14 24 -88 -24 -18 -7 20 -58 49 39 27±6 -33±9 -.0004 .034 .01 .10 

1 Cl1 AT .05 .20 -.01 .29 -.1 -.09 .15 .20 .13 -.03 .37 0 -.27 -.11 .05 -.05-.13 -.02 ± .04 

2 serum Fe 9 60 14 -29 -12 -14 -55 28 ± 16 

3 serum Fe -42 113 -26 33 -1 -21 47 

3 a 1 AT .23 -. 07 . 04 -.10 .11 . 14 . 08 

5 serum Fe 53 -30 40 83 15 -28 6 31 

5 a
1 

AT -.07 .19 -.0 -.15 .09 .17 -.03 -.10 

6 serum 50 55 35 1 5 19 31 -49 

6 a
1 

AT -.12 -- -.0 .04 .01 .02 .15 

7a serum Fe 117 -6 -19 

7 a 1 AT -.14 . 07 -. 0 -. 10 .10 . 09 

7b serum Fe 20 83 2 1 7 11 50 

7b 

all 

A 

B 

-.011.081 .091-.081 .021-.01 

. 73±40 

-.09 ± .02 

38 ± 11 

-.05 ± .03 

34±7 

-.01 ± .03 

81 ±37 

-.12 ± .02 

31 ± 12 

.02 ± .03 

.13 ± .05 

-23±6 

-21 ± 8 
1

-.002 I .063 1.s61 .75 

.12 ± .03 

-29± 1 -.003 .070 1.83 I .91 

.18±.01 

.-49 -.002 .os3 I .8s I .92 

.15 

-23 ± 12 -.001 .010 I.so I .11 

.05± .04 

-.001 .0002 .05 .22 

-.001 .048 .21 .46 

-.001 .008 .09 .30 

.002 .183 .16 .40 

I-' 
l/1 
--.J 



Appendix 33. Raw data and reliability coefficients for the reliability assays for 
reticulocyte counts and serum Fe. 

Test 

Retest 

.15 

.51 

Serum Fe (µg•dl _,) 

Subject 9:10 

1 Test 73 

·Retest 68 

2 Test 114 

Retest 110 

9:15 

69 

68 

117 

115 

.59 

.34 

Day 

9:10 

77 

76 

100 

95 

.30 

.36 

9:15 

83 

80 

97 

90 

.22 

.09 

2.38 

3.16 

2.94 

4.20 
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.41 

.75 

.70 




