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ACID-BASE REGULATION DURING SPRINT EXERCISE IN HORSES FED 

LECITHIN 

by 

Lynn E. Taylor 

Animal and Poultry Sciences 

(Abstract) 

The effects of exercise, training, and a supplemental 

lecithin/corn oil diet on acid-base homeostasis and blood 

gases in arterial and central venous blood were examined 

during repeated sprint exercise in horses. Differences 

between temperature measurement sites for the adjustment of pH 

and blood gases during exercise was also investigated. 

The independent variables, strong ion difference (SID), 

total weak electrolytes ([A,,,]), and pCO,, had different 

effects on the dependent variables, [H*] and [HCO, ], and these 

influences changed depending on blood sampling site (arterial 

or central venous), and exercise intensity. Data supporting 

the involvement of the chloride shift during repeated sprint 

exercise in the horse was observed for the first time. 

Training resulted in increased plasma [Na‘*], [K*], [SID], 

albumin, free fatty acids, and beta~-hydroxybutyrate 

concentrations, and decreased blood lactate ([Lac ]), plasma 

[Cl°], [H*], cholesterol, and heart rate during exercise.



Horses consuming the corn oil/lecithin supplemented diet had 

a higher pvCO,, [HCO,], [Cl], cholesterol, and glucose, and 

lower blood [Lac], [H*], and triglycerides during exercise. 

The sprint training and corn oil/lecithin diet may act 

synergistically to enhance performnace in horses’ by 

maintaining a lower [H*] during high intensity exercise. 

There were differences between skin, rectal, blood, and 

muscle temperatures during incremental exercise and recovery 

in horses. The pH and blood gases adjusted to rectal, blood, 

and muscle temperatures were also different during exercise 

and recovery. Muscle and blood temperature may be predicted 

from rectal or skin temperature during exercise, and from skin 

temperature during recovery.
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General Introduction 

Exercise-induced fatigue, which involves central (brain) and 

peripheral factors is complex. It may result from the 

accumulation of metabolic products, such as hydrogen ions 

(H"), ammonia (NH,), carbon dioxide (CO,), and inorganic 

phosphate (P,) or from reduced availability of substrates such 

as fat, glycogen and glucose, and depletion of phosphocreatine 

(PCr), and ATP (Maclaren et al., 1989). This study will focus 

on H* accumulation, which has several detrimental effects, 

including the alteration of activities of key glycolytic 

enzymes, and a direct negative effect on skeletal muscle 

contraction (Mainwood and Renaud, 1985). 

The changes in body temperature during exercise must also be 

considered in the evaluation of blood gases and acid-base 

balance (Jones et al., 1989). Partial pressures of blood 

gases (pO, and pCO,) and dissociation constants of water, 

bicarbonate ion, and plasma proteins will change with varying 

[H*] and temperature (Fedde, 1991). Rectal temperature may 

not be indicative of temperature changes in the central blood 

and muscle, which are the primary sites of focus for 

interpretation of metabolism during exercise. 

Whole body acid-base balance must be maintained during 

exercise, and perturbations in [H*] are countered by the 

interaction of arterial and venous plasma, erythrocytes, and



skeletal muscle. A physicochemical approach (Stewart, 1981; 

1983) to the evaluation of acid-base balance during exercise 

may be more appropriate than previous methodology which has 

focused on the role of bicarbonate (HCO,) ions. Contributions 

of the independent variables, pCO,, strong ion difference 

({SID]), and total weak electrolytes ([A,,,]) to the changes in 

[H*] and [HCO,], can then be quantified (Heigenhauser et al., 

1990). 

Enhanced fat oxidation during exercise may also affect 

acid-base balance, as fat produces less CO, per ATP generated 

compared to glucose (Ferrannini, 1988). Increased utilization 

of fat may be beneficial in sparing blood glucose (Hargreaves 

et al., 1991), and muscle and liver glycogen (Rennie et al., 

1976). Combining a fat-supplemented diet with training has 

been termed fat adaptation (Kronfeld and Downey, 1981), as 

these factors may have a synergistic effect on exercise 

metabolism (Simi et al., 1991). 

Dietary lecithins are comprised mainly of phospholipids, 

such as phosphatidylserine and phosphatidylcholine, and may 

enhance exercise endurance capacity by altering fat transport 

and metabolism, and directly influencing muscle contraction 

(Jones et al., 1992; Sandage et al., 1992). 

The plan of this research was: 

1) to simultaneously examine changes in arterial and 

central venous blood gases, strong ions, [H‘], and [HCO, J



during repeated sprinting exercise in horses; 

2) to determine if there is any evidence supporting a role 

for the chloride shift during exercise in the horse; 

3) to examine the effects of sprint training and a 

lecithin/corn oil supplemented diet on arterial and central 

venous acid-base balance during repeated sprints; 

4) to examine the effects of sprint training and a 

lecithin/corn oil supplemented diet on central venous blood 

glucose, and plasma free fatty acids, cholesterol, 

triglycerides, and beta-hydroxybutyrate during repeated 

sprints; 

5) to examine the differences between rectal, blood, 

muscle, and skin temperature during incremental exercise in 

the horse, and how these differences influence adjustment of 

blood gases, pH, and [HCO,].



Review of Literature 

Power sources during exercise 

The conversion of chemical energy, which is stored in the 

phosphate bond of adenosine triphosphate (ATP), to kinetic 

energy and heat, drives the contraction of skeletal muscle 

during exercise (Sahlin, 1986). The demand for energy changes 

rapidly, and the processes for producing the energy required 

for muscular contraction are classified by the amount and rate 

of production of ATP, which must be continually resynthesized. 

The replenishment of ATP can be achieved by the creatine 

kinase reaction, the adenylate kinase (myokinase) reaction, 

glycolysis with production of lactate, complete oxidation of 

carbohydrates, and oxidation of free fatty acids (Sahlin, 

1986; Fitts, 1992). 

Creatine Kinase Reaction. With the onset of high 

intensity or supramaximal exercise of short duration, 

phosphocreatine (PCr) combines with adenosine diphosphate 

(ADP) to produce creatine and ATP, which is controlled by 

creatine kinase (CK). The CK reaction is crucial in 

controlling the ATP/ADP ratio, and provides metabolic 

Capacitance, allowing changes in the peak rates of ATP 

synthesis during high and low energy demand (Sweeney, 1994).



The PCr stores in muscle may decline by 10% during the first 

30 sec of exercise (Spriet et al., 1987), with a larger 

decrease seen in fast twitch muscle (Ivy et al., 1987). This 

disproportionate decline in muscle fibers probably reflects 

the three to four-fold higher ATP utilization rate in fast 

twitch fibers (Spriet, 1990). The decrease in intramuscular 

ATP and PCr has been observed in horses immediately after high 

intensity exercise (Valberg, 1987) 

Adenylate Kinase Reaction. The other reaction that is 

important during brief, high-intensity exercise is the 

formation of ATP and adenosine monophosphate (AMP) from ADP, 

which is catalyzed by adenylate kinase (AK). This reaction, 

and the CK reaction are driven by the increased levels of ADP 

in muscle during short-term, intense exercise (Fitts, 1992). 

During sub-maximal exercise, the CK reaction limits the 

available ADP, thus lowering the activity of the AK reaction. 

Glycolysis to Lactate. The formation of lactate from 

glucose-6-phosphate via glycolysis can also provide ATP for 

muscular contraction. Glucose-6-phosphate originates from 

glucose in blood or from stored glycogen and is converted to 

pyruvate by the glycolytic pathway, generating 2 nicotinamide 

adenine dinucleotide (NADH), which are oxidized during lactate 

formation, and 2 ATP per glucose (Stryer, 1988). The maximal 

power that can be generated from glycolysis to lactate is less



than that produced via the MK and AK reactions (Sahlin, 1986). 

Oxygen-limiting metabolism can raise muscle lactate 

production, but is not the sole cause for increased lactate 

concentration (Stainsby and Brooks, 1990). Lactate formation 

is possible under aerobic conditions, including rest, and is 

an important mechanism for tissues to share a carbon source 

for oxidation (Brooks, 1986). 

Carbohydrate oxidation. Carbohydrate (CHO) is stored in 

the body primarily in the form of muscle and liver glycogen, 

and is available to sustain ATP production at moderate 

intensity work for as long as 90 minutes (Sahlin, 1986). The 

power generated by this process is only 20 - 25% of that 

supplied by anaerobic processes. Glucose is completely 

oxidized via glycolysis to pyruvate in the cytosol, which 

moves through the tricarboxylic acid (TCA) cycle and oxidative 

phophorylation inside the mitichondria, yielding 36 - 38 ATP 

per glucose (Stryer, 1988). Decreases in muscle glycogen of 

25 - 30% (Essen-Gustavsson et al., 1991; Snow and Harris, 

1991), and decreases in liver glycogen of 22 - 59% (Pagan et 

al., 1987) have been observed during exercise in horses. 

Fat oxidation. MTriacylglycerols (triglycerides, TG) are 

the primary storage form of free fatty acids (FFA), and are 

found in adipose and muscle tissue. The amount of stored FFA 

available for oxidation is not usually a limiting factor in



performance, but power output from this energy generating 

source is low, primarily due to a slow rate of delivery into 

the mitochondria (Sahlin, 1986). There appears to be a direct 

relationship between the plasma [FFA] and the rate of FFA 

oxidation (Hagenfeldt, 1975). An increase in plasma [FFA] 

during 50 minutes of sub-maximal exercise has been observed in 

horses (Essen-Gustavsson et al., 1991). 

Diets for the Performance Horse 

The primary sources of dietary energy for horses are 

carbohydrates and fats, since protein utilization is not 

considered efficient (Miller and Lawrence, 1988). The ratio 

of nutrients in the athletic diet can be altered in several 

ways, but there are four basic variations: 1) an increased 

amount of a maintenance diet; 2) diets which are energy and 

nutrient dense (more energy/unit of weight); 3) diets enriched 

for work only; and 4) diets enriched for work and stress 

(Kronfeld and Ferrante, 1992). Energy demand is’ the 

nutritional factor most influenced by exercise. Increasing 

the amount of a basal ration while keeping the nutrient 

content proprtional will provide adequate energy as a suitable 

diet in horses, but this strategy has limitations. A certain 

amount of roughage is required to maintain normal digestive 

function (Meyer, 1987), and this requirement may limit the 

application of low fiber, nutrient dense diets, especially for



long distance events. Diets enriched for work may be high in 

either carbohydrates or fats, the primary fuel sources. 

Carbohydrate loading. Carbohydrate loading is the 

combination of training and a special diet designed to 

initially deplete then supercompensate glycogen storage just 

prior to an athletic event (Bergstrom et al., 1967). Glycogen 

sparing and glucose repletion during athletic events in humans 

can be achieved by ingestion of carbohydrates during and after 

exercise (Costill, 1985), and glycogen repletion after 

moderate exercise in horses may be effective (Brewster-Barnes 

et al., 1994). The muscle glycogen content in horses at rest 

is higher than in humans (Harris et al., 1974; Essen- 

Gustavsson et al., 1989; Julen et al., 1994), but the effects 

of diet, training, and exercise have been inconsistent, and 

carbohydrate loading has not been demonstrated effective in 

increasing exercise performance of horses (Frape, 1994). 

Fat adaptation. Feeding high fat diets to horses may offer 

some advantages over more conventional diets. Carbohydrate 

loading is in effect preferred in all athletic horses from the 

replacement of forages with grain concentrates. An increased 

risk of laminitis and digestive disturbances is associated 

with feeding large amounts of carbohydrates (Clarke et al., 

1990; Sprouse et al., 1987). Although some studies have shown 

slight decreases in dry matter and protein digestibilty by



horses upon inclusion of 6 - 20 % fat in the diet, the 

benefits for maintenance, growth, and exercise have been well 

documented (Potter et al., 1992). Fat adaptation is the 

combination of training and simulataneous consumption of a fat 

supplemented diet (Kronfeld and Downey, 1981; Miller et al., 

1984; Simi et al., 1991). The primary advantage to fat 

adaptation is an increased reliance on fat oxidation for 

energy during exercise (Holloszy et al., 1986), which can be 

demonstrated by training, high fat diets, or the combination 

of both. After 12 weeks of training, muscle glycogen 

utilization was 41% lower, while muscle triglyceride usage 

doubled in men exercising at 64% VO,max (Hurley et al., 1986). 

Elevation of plasma [FFA] in earlier studies resulted in 

decreased carbohydrate utilization and muscle glycogen sparing 

during exercise in rats (Rennie et al., 1976; Hickson et al., 

1977) and humans (Costill et al., 1977). Although some 

studies have failed to show these effects (Auclair et al., 

1988; Hargreaves et al., 1991), the discrepencies may be the 

result of differences in exercise intensity, and the methods 

used to raise the plasma [FFA] (Vukovitch et al., 1993). 

Feeding a high fat meal prior to exercise at 65% of maximal 

oxygen consumption (VO,max) lowered respiratory exchange 

ratio, and increased FFA uptake by the leg in human subjects 

(Jansson and Kaijser, 1982). Consumption of a high fat diet 

for either 1 or 5 weeks in rats decreased glycogen breakdown 

during exercise, and increased B-oxidation enzyme activities.



The high fat diet also significantly prolonged a run to 

exhaustion when compared to rats consuming a normal diet, 

despite lower muscle and liver glycogen concentrations in the 

rats consuming the high fat diet (Miller et al., 1984). 

Increased B-oxidative enzyme activity was observed in rats 

consuming a high fat diet (Nemeth et al., 1992), and this was 

coupled with a decrease in phosphofructokinase (PFK) activity, 

a key glycolytic enzyme. The infusion of a fat emulsion ora 

fat feeding to raise FFA levels spared muscle glycogen in men 

during cycling at 70% VO,max (Vukovitch et al., 1993) 

Enhanced exercise capacity was observed in rats due to the 

additive effects of a high fat diet combined with endurance 

training using a 2 (high fat or normal diet) by 2 (sedentary 

or trained) factorial experiment (Simi et al., 1991). After 

consumption of a high fat diet and training for 12 weeks, rats 

had a greater endurance capacity, increased VO,max, and a 

higher oxidative capacity of red skeletal muscle. The 

individual effects of training and diet were synergistic in 

resulting in superior performance in these rats as compared to 

all other groups. Plasma [FFA] and VO,max were higher in 

trained runners consuming a high fat diet as compared to 

runners consuming normal, or high protein diets (Muoio et al., 

1994). 

A recent investigation suggested a role for albumin in 

enhanced exercise performance because it transports fatty 

acids to the muscle (McClelland et al., 1994). In vivo 
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studies showed that, although plasma albumin concentrations 

were similar between trained goats (sedentary species) and 

trained dogs (aerobic species), the dogs always had higher 

plasma [FFA] at 40, 60, and 85% VO,max. This was attributed 

to a 50% increased "loading" of FFA by canine albumin, which 

was confirmed in vitro. 

Studies conducted on horses have revealed conflicting 

results. A glucose-sparing effect has been observed in horses 

during long term, aerobic exercise (Hintz et al., 1978; 

Hambleton et al., 1980), with no differences in performance. 

Investigators have reported increased (Hambleton et al., 1980; 

Scott et al., 1992), decreased (Pagan et al., 1987) or no 

difference (Hintz et al., 1978) in resting muscle glycogen. 

If increases in muscle glycogen are found with the consumption 

of a fat supplemented diet, these differences have been lost 

at the end of exercise, suggesting greater utilization of 

muscle glycogen during exercise (Oldham et al., 1990; Scott et 

al., 1992). 

Lecithins 

Origin. Lecithin is the trivial scientific name for the 

phospholipid phosphatidylcholine (PtdCh), but in the food 

industry, lecithin refers to a mixture of polar and neutral 

lipids, which usually contain other phosphatides in addition 

to PtdCh (Wurtman, 1979). There are many sources of lecithin 

11



in the diet, but the primary sources are soybeans, eggs, 

liver, and peanuts, with commercial lecithins utilized for 

farm and lab animals originating primarily from soybeans, 

rapeseed, and corn. Lecithin from soybeans is preferred as a 

dietary source, due to the high level of polyunsaturated fatty 

acids, and PtdCh (Bonacker, 1988). 

The soybeans are cleaned and flaked, and soaked in solvent 

before filtration and distillation, which results in an oil 

containing 2-3% crude lecithin. The lecithin is then 

precipitated and separated to yield an oil consisting of 60- 

70% phospholipid, of which 30% can be PtdCh, and 30% soybean 

oil. Common commercial grades of lecithins also contain 

considerable amounts of palmitic, stearic, oleic, linoleic, 

and linolenic acids. 

Phospholipids are hydrolyzed in the intestinal lumen by 

phospholipases to yield FFA, diglycerides, phosphatidic acid, 

and choline, which can be utilized for lipid and carbohydrate 

synthesis, or be metabolized further (Roberts and Dennis, 

1989). 

Animal diets. Studies on the effects of addition of 

lecithin to animal diets have been mixed, but most show 

improvement in the digestibility of other fats upon the 

inclusion of lecithin, especially fats that are relatively 

poorly digested, such as long chain, highly saturated fats. 

The digestibility of tallow was improved with the addition of 

12



lecithin to the diet in pigs (Jones et al., 1992), and chicks 

(Polin, 1980). Feeding lecithin to ram lambs increased the 

content of polyunsaturated fatty acids in the carcass, which 

may be more desirable to consumers (Lough et al., 1992). Milk 

fat percentage and milk fat yield were higher in cows when 

abomasally infused with soy lecithin compared to water 

(Grummer et al., 1987). 

Lipid metabolism. Lecithins have been of interest in model 

studies for humans because of their ability to alter lipid 

metabolism. Rats fed a corn oil diet supplemented with soy 

lecithin had a significant lowering of plasma cholesterol when 

compared to phosphatidylinositol (PI) supplementation (Ishida 

et al., 1988). This effect was attributed to the 

phosphatidylethanolamine (PtdE), which reduces hepatic 

cholesterol secretion, and increases uptake of high density 

lipoproteins by the liver. 

Membrane function. The PtdCh found in lecithins is 

important in human nutrition because choline is required in 

many animal and human diets (Zeisel and Canty, 1993). Choline 

phospholipids found in cell membranes play an imporatant role 

as second messengers in many cascade reactions, and may elicit 

protective effects against hepatic cancers (Newberne and 

Rogers, 1986). In cholinergic neurons in the brain, lecithin 

serves as a structural support and a reservoir for sythesis of 

13



the neurotransmitter, acetylcholine (Ach), and this reservoir 

and synthesis can be enhanced by increased dietary choline 

(Wurtman et al., 1990). 

Exercise performance. Early studies on choline and human 

athletic performance revealed that exercise caused a decrease 

in plasma choline, but this decrease was avoided by the 

consumption of either a choline-, or a lecithin-enriched meal 

(Hirsch et al., 1978). The decrease in plasma choline was 

also observed recently in marathon runners (Conlay et al., 

1992), and could contribute to poor performance if Ach release 

is impaired. Triathletes who took a lecithin supplement prior 

to exercise had increased plasma choline during exercise, as 

compared to controls given a placebo (von Allworden et al., 

1993). The administration of choline citrate to long distance 

runners significantly increased plasma choline, and decreased 

the mean run time during a race when compared to controls 

(Sandage et al., 1992). 

Regulation of Metabolism 

Carbohydrate oxidation. The inputs to glycolysis all 

converge at glucose-6-phosphate (G6P). Glycogen is split by 

phosphorylase to yield G6P. Glucose is phosphorylated to G6P 

by hexokinase, which is regulated by feedback inhibition. The 

next step is the conversion of G6P to fructose-6-phosphate 

14



(F6P), and then F6P is converted to fructose 1,6-diphosphate, 

which is controlled by phosphofructokinase (PFK). This step 

is irreversible, and depends on substrate availabilty. The 

activity of PFK may have a critical role in coupling 

glycolysis to the rate of lactate accumulation, the cytosolic 

phosphorylation state (ATP/ADP ratio), and TcA cycle 

activation state via inhibition by citrate (Stanley and 

Connett, 1991). 

Skeletal muscle contraction increases the rate of glucose 

transport into muscle fibers, and hepatic glucose production 

is controlled by the activities of glucagon and insulin, 

stimulation by epinephrine and norepinephrine, and an increase 

in the release and capacity to synthesize glucose by cortisol 

(Stanley and Connett, 1991). Glucose is transported into 

muscle primarily by the insulin-regulated GLUT-4 transporter 

(James et al., 1988), and treadmill exercise in rats increased 

the number of glucose transporters, and glucose uptake in 

hindlimb muscle (Douen et al., 1989). 

Glycogen breakdown in muscle is controlled by the activity 

od glycogen phosphorylase, which has an active (a) form and an 

inactive (b) form. Activation of phosphorylase is controlled 

by phosphorylase kinase, which in turn is activated by Ca”, 

high pH levels, and beta-adrenergic receptor stimulation 

(Brostrom et al., 1971). Glycogen is the main supplier of 

substrate during early and short term exercise, and can be 

maintained via epinephrine release (Drummond et al., 1969). 
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During reductions in muscle glycogen storage due to diet or 

prolonged exercise, blood glucose will contribute more to the 

substrate pool (Issekutz, 1984). 

Fat oxidation. Free fatty acids (FFA) derived from 

triglyceride (TG) hydrolysis in adipose tissue are the major 

source of energy during exercise, and their release is 

stimulated by homone-sensitive lipase (HSL), and down- 

regulated by insulin. The activity of HSL is mediated through 

cylic AMP-dependent protein kinase. There is evidence 

suggesting a role for single signal control of HSL and 

lipoprotein lipase (LPL), which would function as a unit in 

muscle and the capillary beds to meet energy demands (Oscai et 

al., 1990). There are considerable reductions in 

intramuscular TG during prolonged exercise, and it is possible 

that these stores are replenished by plasma TG, under the 

control of LPL (Blanchette-Mackie et al., 1986). 

Fatty acids are activated on the outer mitochondrial 

membrane in muscle by the formation of CoA esters by acyl CoA 

synthetase. Long chain activated fatty acids are carried into 

the mitchondria by carnitine, after formation of acyl 

carnitine esters by carnitine acetyltransferase I. The 

saturated acyl CoA is degraded by a repeated, four step 

procedure: 1) oxidation by flavin adenine dinucleotide (FAD); 

2) hydration; 3) oxidation by NAD*; and 4) thiolysis by CoA. 

The fatty acid chain is shortened by 2 carbon units at a time, 
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generating FADH,, NADH, and acetyl CoA units, and this process 

is termed beta-oxidation (Foster, 1984). Acetylcarnitine can 

serve as a storage form of acetyl groups, and muscle 

acetylcarnitine is increased during brief, high intensity 

exercise in humans (Sahlin, 1990), and horses (Carlin et al., 

1990). 

Integration. The balance between carbohydrate and lipid 

utilization during exercise in healthy, fed individuals is 

under various regulatory influences, and changes to meet 

increasing, or decreasing energy needs. This balance can be 

altered by substrate input, enzymatic feedback and 

regulation, diet, and training status. Training promotes 

lipid oxidation during moderate and mild intensity exercise, 

but increasing exercise intensity demands higher rates of 

glycogenolysis. Substrate utilization at any point depends on 

the interaction between exercise intensity-induced reponses, 

and exercise training-induced reponses, and a “crossover 

point" will be encountered (Brooks and Mercier, 1994). This 

point is the power output at which energy from CHO-derived 

fuels predominates over energy derived from lipid sources. 

The TCA cycle is the entry point for acetyl units, whether 

derived from carbohydrate or fat sources. Pyruvate 

dehydrogenase (PDH) is a multiple enzyme and important 

regulator of the balance of preferential fuel utilization 

(Randle, 1986; Jones and Heigenhauser, 1992). Increased 
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ratios of acetyl CoA/CoA and NADH/NAD* will inactivate the 

activity of the PDH complex by activating PDH kinase (Wieland, 

1983). Increased pyruvate and ADP inhibit PDH kinase, and 

increased intracellular Ca** and Mg** activate PDH phosphatase, 

which increases the complex activity. 

Evaluation of Acid-base Balance 

Conventional approach. Selective membrane electrodes for 

measuring pO, and pCO, as well as pH became available 

commercially in the early 1960's. Since that time, the most 

common approach to acid-base evaluation in physiology and 

medecine has emphasized the bicarbonate buffer system, as 

described by the Henderson-Hasselbach equation: 

pH = pK’a + log ([HCO,]/[apCO,]) 

where pK’a is the apparent dissociation constant of the 

carbonic acid-bicarbonate system, and a = the solubiblity 

coefficient for CO, in plasma. The pK’a for normal plasma is 

6.1, and a = 0.0301 mmol/L/mm Hg in plasma at normal body 

temperature (Severinghaus, 1971). This equation can be used 

to calculate [{HCO,] after direct measurement of pCO, and pH 

(({H*]), but it does not describe how changes in other 

variables, such as water shifts, strong ions (sodium, 

potassium, magnesium, calcium, chloride, lactate) and plasma 
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proteins, affect acid-base balance. This is especially 

important in the horse because of the significant water, 

protein, and ion losses in sweat during certain types of 

exercise (Kerr and Snow, 1983; Andrews et al., 1994; Ecker and 

Lindinger, 1994). The Henderson-Hasselbach equation is 

misleading because it fails to identify independent and 

dependent variables, and incorrectly implies that [H*] is 

partly determined by [HCO,] (Reeves, 1983). 

Physicochemical approach. Another more comprehensive 

approach to acid-base evaluation was reintroduced by Stewart 

(1981, 1983), which involved the six 'bicarbonate equations’ 

and rules originally taught at Tufts University in Boston 

(Schwartz and Relman, 1963). The [H*] and [HCO,] are 

dependent variables, and are determined by the independent 

variables, pCO,, strong ion difference ([SID]), and total weak 

electrolyte concentration ([A,,,])- Strong ions are fully 

dissociated in aqueous solutions, and the [SID] is the sum of 

the strong cations minus the sum of the strong anions. The 

Six equations which summarize this approach must account for 

the maintenance of dissociation equilibria, the maintenance of 

electrical neutrality, and the conservation of mass. 

1) The dissociation of water into its component ions, 

can be described by the law of mass action at equilibrium 

where K’ w is the ion product of water: 
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[H*] x [OH] = K ‘w 

2) Solutions containing strong (fully dissociated) ions 

must maintain electrical neutrality, and can be described by 

the [SID], which is an independent variable: 

[SID] + [H*] - [HCO,] - [A] - [CO,?] - [OH] = 0 

3) Weak electrolytes are only partly dissociated in 

solution, and the equilibrium of the dissociated ([H"], [A’]) 

and undissociated ([HA]) species must be maintained: 

[H"] x [A] = K, x [HA] 

4) The changes in the total concentration of weak 

electrolytes ([A occurs slowly, but must also _ be 
tot] ) 

considered. The [A,,] is an independent variable, because it 

only changes by mass transfer of dissociated or undissociated 

species into, or out of solution, and the conservation of mass 

must be maintained: 

[HA] + [A] = [A,,.] 

5) Plasma pCO, is maintained primarily by the lungs, 

making it an open system, and an independent variable. The 

20



�C�O�,� �i�n� �b�o�d�y� �f�l�u�i�d�s� �i�s� �p�r�e�s�e�n�t� �a�s� �d�i�s�s�o�l�v�e�d� �C�O�,� �(�d�C�O�,�)�,� �c�a�r�b�o�n�i�c� 

�a�c�i�d� �(�H�,�C�O�,�)�,� �b�i�c�a�r�b�o�n�a�t�e� �i�o�n� �(�H�C�O�,� �)�,� �a�n�d� �c�a�r�b�o�n�a�t�e� �i�o�n� �(�C�O�,�*�)�.� 

�T�h�e� �f�i�r�s�t� �e�q�u�a�t�i�o�n� �d�e�s�c�r�i�b�i�n�g� �t�h�i�s� �s�y�s�t�e�m� �i�s� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 

�b�i�c�a�r�b�o�n�a�t�e� �i�o�n�,� �w�h�e�r�e� �K�.� �i�s� �t�h�e� �d�i�s�s�o�c�i�a�t�i�o�n� �c�o�n�s�t�a�n�t�:� 

�[�H�*�]� �x� �[�H�C�O�,�]� �=� �K�,� �x� �p�C�o�,� 

�6�)� �T�h�e� �[�H�C�O�,�]� �f�u�r�t�h�e�r� �d�i�s�s�o�c�i�a�t�e�s�,� �w�h�e�r�e� �K�,� �i�s� �t�h�e� 

�d�i�s�s�o�c�i�a�t�i�o�n� �c�o�n�s�t�a�n�t�:� 

�[�H�*�]� �x� �[�C�O�,�*�]� �=� �K�,�;� �x� �[�H�C�O�,�]� 

�T�h�e�s�e� �s�i�x� �e�q�u�a�t�i�o�n�s� �s�u�m�m�a�r�i�z�e� �t�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �p�r�i�n�c�i�p�l�e�s� 

�o�f� �w�a�t�e�r�,� �s�o�l�u�t�i�o�n�s� �o�f� �s�t�r�o�n�g� �i�o�n�s�,� �w�e�a�k� �a�c�i�d�s�,� �a�n�d� �C�O�,�,� �a�n�d� 

�t�h�e� �l�a�w�s� �o�f� �e�l�e�c�t�r�i�c�a�l� �n�e�u�t�r�a�l�i�t�y�,� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� �m�a�s�s�,� �a�n�d� 

�M�a�i�n�t�e�n�a�n�c�e� �o�f� �e�q�u�i�l�i�b�r�i�a�.� �S�o�l�v�i�n�g� �t�h�e�s�e� �e�q�u�a�t�i�o�n�s� 

�s�i�m�u�l�t�a�n�e�o�u�s�l�y�,� �o�n�e� �e�q�u�a�t�i�o�n� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �w�i�t�h� �t�h�r�e�e� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �(�[�S�I�D�]�,� �[�A�,�,�,�]�,� �p�C�O�,�)� �t�h�a�t� �c�a�n� �b�e� 

�m�e�a�s�u�r�e�d� �d�i�r�e�c�t�l�y�,� �f�o�u�r� �d�i�s�s�o�c�i�a�t�i�o�n� �c�o�n�s�t�a�n�t�s�,� �a�n�d� �o�n�e� 

�u�n�k�n�o�w�n�,� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �[�H�"�*�]�:� 

�[�H�*�]�*� �+� �(�[�S�I�D�]� �+� �K�,�)� �x� �[�H�*�]�*� �+� �(�K�,� �x� �(�[�S�I�D�]� �-� �[�A�,�.�]�)� 

�-� �(�(�K�,� �x� �p�C�O�,�)� �+� �K �� �w�)�)� �x� �[�H�*�]�*� �-� �(�K�,� �(�(�K�,� �x� �p�C�O�,�)� �+� �K �� �w�)� 

�-� �(�K�,� �x� �K�,� �x� �p�C�O�,�)�)� �x� �[�H�*�]� �-� �K�,� �x� �K�,� �x� �K�,� �x� �p�C�O�,� �=� �0� 
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�C�o�m�p�a�r�i�s�o�n�.� �T�h�e� �H�e�n�d�e�r�s�o�n�-�H�a�s�s�e�l�b�a�c�h� �e�q�u�a�t�i�o�n� �i�s� 

�p�h�y�s�i�c�o�c�h�e�m�i�c�a�l�l�y� �c�o�r�r�e�c�t�,� �b�u�t� �a�n�y� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �t�h�a�t� �i�m�p�l�i�e�s� �t�h�a�t� �[�H�C�O�,�]� �p�a�r�t�l�y� �d�e�t�e�r�m�i�n�e�s� �[�H�*�]� 

�i�s� �i�n�c�o�r�r�e�c�t�.� �A�l�s�o�,� �t�h�e� �H�e�n�d�e�r�s�o�n�-�H�a�s�s�e�l�b�a�c�h� �e�q�u�a�t�i�o�n� 

�n�e�g�l�e�c�t�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �[�S�I�D�]� �a�n�d� �[�A�,�,�,�]� �o�n� �[�H�'�]� �(�F�e�r�r�a�n�t�e� �a�n�d� 

�K�r�o�n�f�e�l�d�,� �1�9�9�4�;� �K�r�o�n�f�e�l�d� �e�t� �a�l�.�,� �1�9�9�5�)�.� �I�t� �m�a�y� �a�l�s�o� �o�v�e�r�l�o�o�k� 

�i�m�p�o�r�t�a�n�t� �c�h�a�n�g�e�s� �i�n� �[�S�I�D�]� �t�h�a�t� �a�r�e� �d�u�e� �t�o� �d�i�l�u�t�i�o�n�a�l� �a�n�d� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �e�f�f�e�c�t�s� �o�f� �w�a�t�e�r� �s�h�i�f�t�s� �(�L�e�i�t�h�,� �1�9�9�0�;� �F�e�n�c�l� �a�n�d� 

�R�o�s�s�i�n�g�,� �1�9�8�9�)�.� 

�T�h�e� �r�e�l�e�v�a�n�t� �s�t�r�o�n�g� �i�o�n�s� �i�n� �t�h�e� �b�o�d�y� �m�a�y� �b�e� �N�a ��,� �K�*�,� �M�g�*�*�,� 

�C�a�*�*�,� �C�l ��,� �L�a�c�t�a�t�e� �(�L�a�c ��)�,� �a�n�d� �p�h�o�s�p�h�a�t�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�i�t�e� 

�o�f� �e�v�a�l�u�a�t�i�o�n� �(�p�l�a�s�m�a�,� �e�r�y�t�h�r�o�c�y�t�e�,� �m�u�s�c�l�e�)�.� �A�n� �i�n�i�t�i�a�l� 

�i�n�c�r�e�a�s�e� �i�n� �[�S�I�D�]� �m�e�a�n�s� �t�h�a�t� �t�h�e� �[�c�a�t�i�o�n�s�]� �e�x�c�e�e�d�s� �t�h�e� 

�[�a�n�i�o�n�s�]�.� �T�h�e� �b�o�d�y� �w�i�l�l� �r�e�s�p�o�n�d� �b�y� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �p�o�s�i�t�i�v�e� 

�i�o�n�s� �(�H�"�)�,� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �n�e�g�a�t�i�v�e� �i�o�n�s� �(�H�C�O�,�)� �t�o� �m�a�i�n�t�a�i�n� 

�e�l�e�c�t�r�i�c�a�l� �n�e�u�t�r�a�l�i�t�y�.� 

�T�h�e� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t�s� �o�f� �[�A�,�,�,�]� �i�n� �t�h�e� �b�o�d�y� �a�r�e� �t�h�e� �p�l�a�s�m�a� 

�p�r�o�t�e�i�n�s�,� �a�l�b�u�m�i�n� �a�n�d� �g�l�o�b�u�l�i�n�,� �a�n�d� �p�h�o�s�p�h�a�t�e�.� �P�h�o�s�p�h�a�t�e� �i�s� 

�m�o�r�e� �i�m�p�o�r�t�a�n�t� �i�n� �c�l�i�n�i�c�a�l� �c�a�s�e�s� �s�u�c�h� �a�s� �r�e�n�a�l� �f�a�i�l�u�r�e�,� �b�u�t� 

�c�o�m�p�r�i�s�e�s� �o�n�l�y� �5�%� �o�f� �n�o�r�m�a�l� �p�l�a�s�m�a� �[�A�,�,�,�]� �(�d�e� �M�o�r�a�i�s�,� �1�9�9�2�)�.� 

�A�n� �i�n�c�r�e�a�s�e� �i�n� �[�A�,�,�,�]� �r�e�s�u�l�t�s� �i�n� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �d�i�s�s�o�c�i�a�t�e�d� 

�a�n�i�o�n�,� �A�,� �t�o� �c�o�n�s�e�r�v�e� �m�a�s�s�.� �T�o� �m�a�i�n�t�a�i�n� �e�l�e�c�t�r�i�c�a�l� 

�n�e�u�t�r�a�l�i�t�y�,� �t�h�e� �b�o�d�y� �r�e�s�p�o�n�d�s� �b�y� �i�n�c�r�e�a�s�i�n�g� �[�H�*�]�,� �a�n�d� 

�d�e�c�r�e�a�s�i�n�g� �[�H�C�O�,�]�.� 

�T�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �a�p�p�r�o�a�c�h� �h�a�s� �l�i�m�i�t�a�t�i�o�n�s�,� �t�h�e� �p�r�i�m�a�r�y� 

�o�n�e� �b�e�i�n�g� �t�h�e� �p�r�o�b�l�e�m�s� �i�n� �d�i�r�e�c�t�l�y� �q�u�a�n�t�i�f�y�i�n�g� �[�A�,�,�,�]� �a�n�d� �t�h�e� 
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�e�q�u�i�l�i�b�r�i�u�m� �c�o�n�s�t�a�n�t�s� �(�C�a�m�e�r�o�n�,� �1�9�8�9�)�.� �T�o�t�a�l� �w�e�a�k� �a�c�i�d� �i�s� 

�d�i�f�f�i�c�u�l�t� �t�o� �m�e�a�s�u�r�e�,� �s�o� �p�l�a�s�m�a� �a�l�b�u�m�i�n� �o�r� �t�o�t�a�l� �p�r�o�t�e�i�n� �a�r�e� 

�u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �[�A�,�,�,�]�,� �b�e�c�a�u�s�e� �p�r�o�t�e�i�n� �i�s� �t�h�e� �p�r�i�m�a�r�y� �w�e�a�k� 

�a�c�i�d� �i�n� �b�l�o�o�d� �p�l�a�s�m�a� �(�F�i�g�g�e� �e�t� �a�l�.�,� �1�9�9�1�)�.� �T�h�e� �n�u�m�e�r�o�u�s� 

�e�q�u�i�l�i�b�r�i�u�m�  ��c�o�n�s�t�a�n�t�s �� �o�f� �w�e�a�k� �a�c�i�d�s� �w�i�l�l� �c�h�a�n�g�e�,� �b�e�c�a�u�s�e� 

�t�h�e�y� �a�r�e� �d�e�p�e�n�d�e�n�t� �o�n� �o�s�m�o�l�a�r�i�t�y�,� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �o�t�h�e�r� �i�o�n�s� �(�E�d�s�a�l�l� �a�n�d� �W�y�m�a�n�,� �1�9�5�8�)�.� 

�T�h�e� �p�r�i�m�a�r�y� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �a�p�p�r�o�a�c�h� �i�s� �t�h�e� 

�a�b�i�l�i�t�y� �t�o� �i�d�e�n�t�i�f�y� �i�n�d�e�p�e�n�d�e�n�t� �a�n�d� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�,� 

�t�h�e�r�e�b�y� �e�n�h�a�n�c�i�n�g� �t�h�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� 

�p�l�a�s�m�a�,� �r�e�d� �c�e�l�l�s�,� �a�n�d� �m�u�s�c�l�e� �c�e�l�l�s�.� �T�h�e� �m�o�v�e�m�e�n�t� �o�f� �H�*� �a�n�d� 

�H�C�O�,� �b�e�t�w�e�e�n� �c�o�m�p�a�r�t�m�e�n�t�s� �d�o�e�s� �n�o�t� �d�i�r�e�c�t�l�y� �a�f�f�e�c�t� �t�h�e� �[�H�*�]� 

�a�n�d� �[�H�C�O�,�]�:� �t�h�e�s�e� �c�h�a�n�g�e� �a�c�c�o�r�d�i�n�g� �t�o� �c�h�a�n�g�e�s� �i�n� �t�h�e� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �(�W�e�i�n�s�t�e�i�n� �e�t� �a�l�.�,� �1�9�9�1�)�.� �T�h�e� 

�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �v�a�r�i�a�b�l�e�s� �a�l�s�o� �m�e�a�n�s� 

�t�h�a�t� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �t�o� �t�h�e� 

�c�h�a�n�g�e�s� �i�n� �[�H�*�]� �a�n�d� �[�H�C�O�,�]� �c�a�n� �b�e� �q�u�a�n�t�i�f�i�e�d� �(�H�e�i�g�e�n�h�a�u�s�e�r� �e�t� 

�a�l�.�,� �1�9�9�0�;� �L�i�n�d�i�n�g�e�r� �e�t� �a�l�.�,� �1�9�9�2�)�.� �S�t�u�d�i�e�s� �h�a�v�e� �c�o�n�f�i�r�m�e�d� 

�t�h�e� �p�r�a�c�t�i�c�a�l� �u�s�e� �o�f� �t�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �m�e�t�h�o�d� �b�y� �c�o�m�p�a�r�i�n�g� 

�m�e�a�s�u�r�e�d� �v�s�.� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �[�H�*�]�,� �a�n�d� �b�y� �p�a�r�t�i�t�i�o�n�i�n�g� 

�t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �t�o� �t�h�e� �c�h�a�n�g�e�s� 

�i�n� �[�H�*�)� �a�n�d� �[�H�C�O�,�]� �i�n� �d�o�g�s� �(�S�t�a�i�n�s�b�y� �a�n�d� �E�i�t�z�m�a�n�,� �1�9�8�8�;� 

�P�i�e�s�c�h�l� �e�t� �a�l�.�,� �1�9�9�2�)�,� �r�a�t�s� �(�L�i�n�d�i�n�g�e�r� �a�n�d� �H�e�i�g�e�n�h�a�u�s�e�r�,� �1�9�8�8�;� 

�L�i�n�d�i�n�g�e�r� �a�n�d� �H�e�i�g�e�n�h�a�u�s�e�r�,� �1�9�9�0�)�,� �h�u�m�a�n�s� �(�W�e�i�n�s�t�e�i�n� �e�t� �a�l�.�,� 

�1�9�9�1�)�,� �a�n�d� �h�o�r�s�e�s� �(�F�e�r�r�a�n�t�e� �a�n�d� �K�r�o�n�f�e�l�d�,� �1�9�9�4�)�.� �T�h�i�s� 

�a�p�p�r�o�a�c�h� �h�a�s� �a�l�s�o� �b�e�e�n� �a�d�v�o�c�a�t�e�d� �f�o�r� �a�c�i�d�-�b�a�s�e� �e�v�a�l�u�a�t�i�o�n� �i�n� 
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�a�n�i�m�a�l�s� �i�n� �t�h�e� �v�e�t�e�r�i�n�a�r�y� �c�l�i�n�i�c�a�l� �s�e�t�t�i�n�g� �(�E�i�c�k�e�r�,� �1�9�9�0�;� 

�K�o�h�n�,� �1�9�9�0�;� �L�e�i�t�h�,� �1�9�9�0�;� �G�e�i�s�e�r� �e�t� �a�l�.�,� �1�9�9�4�;� �W�h�i�t�e�h�a�i�r� �e�t� 

�a�l�.�,� �1�9�9�5�)�.� 

�A�n�o�t�h�e�r� �a�d�v�a�n�t�a�g�e� �t�o� �t�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �a�p�p�r�o�a�c�h� �i�s� �t�h�e� �u�s�e� 

�o�f� �p�r�o�p�e�r� �t�e�r�m�i�n�o�l�o�g�y� �(�R�e�e�v�e�s�,� �1�9�8�3�)�.� �T�h�e� �c�l�a�s�s�i�c�a�l� �a�p�p�r�o�a�c�h� 

�d�e�s�c�r�i�b�e�s� �f�o�u�r� �b�a�s�i�c� �t�y�p�e�s� �o�f� �d�i�s�t�u�r�b�a�n�c�e�s�:� �m�e�t�a�b�o�l�i�c� �a�c�i�d�o�s�i�s� 

�a�n�d� �a�l�k�a�l�o�s�i�s�,� �w�h�i�c�h� �r�e�f�e�r� �t�o� �a� �p�r�i�m�a�r�y� �d�e�c�r�e�a�s�e� �o�r� �i�n�c�r�e�a�s�e�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �[�H�C�O�,�]�;� �a�n�d� �r�e�s�p�i�r�a�t�o�r�y� �a�c�i�d�o�s�i�s� �a�n�d� 

�a�l�k�a�l�o�s�i�s�,� �w�h�i�c�h� �r�e�f�e�r� �t�o� �a� �p�r�i�m�a�r�y� �i�n�c�r�e�a�s�e� �o�r� �d�e�c�r�e�a�s�e�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �p�a�C�O�,� �(�H�a�r�r�i�n�g�t�o�n� �e�t� �a�l�.�,� �1�9�8�2�)�.� �T�h�i�s� 

�t�e�r�m�i�n�o�l�o�g�y� �i�n�c�o�r�r�e�c�t�l�y� �i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� �c�h�a�n�g�e�s� �i�n� �[�H�C�O�, ��]� �a�r�e� 

�s�t�r�i�c�t�l�y�  ��m�e�t�a�b�o�l�i�c ��,� �a�n�d� �a�r�e� �n�o�t� �a�f�f�e�c�t�e�d� �b�y� �c�h�a�n�g�e�s� �i�n� 

�p�c�o�,�]�.� �T�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �[�S�I�D�]�,� �i�s� �a� �m�e�a�s�u�r�e� �o�f� 

�m�e�t�a�b�o�l�i�c� �s�t�a�t�u�s� �b�e�c�a�u�s�e� �i�t� �i�s� �n�o�t� �a�f�f�e�c�t�e�d� �b�y� �c�h�a�n�g�e�s� �i�n� 

�p�c�o�,�.� �T�h�e� �p�C�O�,� �i�s� �n�o�t� �j�u�s�t� �a� �r�e�s�p�i�r�a�t�o�r�y� �m�e�a�s�u�r�e�m�e�n�t�.� �W�h�i�l�e� 

�a�r�t�e�r�i�a�l� �p�C�O�,� �r�e�f�l�e�c�t�s� �t�h�e� �a�d�e�q�u�a�c�y� �o�f� �a�l�v�e�o�l�a�r� �v�e�n�t�i�l�a�t�i�o�n�,� 

�C�O�,� �p�r�o�d�u�c�t�i�o�n� �b�y� �w�o�r�k�i�n�g� �m�u�s�c�l�e� �i�s� �m�o�r�e� �c�l�e�a�r�l�y� �m�a�n�i�f�e�s�t�e�d� �i�n� 

�v�e�n�o�u�s� �p�C�o�,�.� 

�C�h�a�n�g�e�s� �i�n� �B�l�o�o�d� �G�a�s�e�s� �D�u�r�i�n�g� �E�x�e�r�c�i�s�e� �i�n� �t�h�e� �H�o�r�s�e� 

�p�C�O�,�-� �M�a�n�y� �o�f� �t�h�e� �c�h�a�n�g�e�s� �i�n� �b�l�o�o�d� �g�a�s�e�s� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �i�n� �t�h�e� �h�o�r�s�e� �a�r�e� �u�n�i�q�u�e� �t�o� �t�h�e� �s�p�e�c�i�e�s�,� �s�u�c�h� �a�s� 

�l�a�r�g�e�r� �i�n�i�t�i�a�l� �d�e�c�r�e�a�s�e�s� �i�n� �p�a�C�O�,� �d�u�r�i�n�g� �m�i�l�d� �a�n�d� �m�o�d�e�r�a�t�e� 

�e�x�e�r�c�i�s�e� �i�n� �p�o�n�i�e�s� �c�o�m�p�a�r�e�d� �t�o� �h�u�m�a�n�s� �(�F�o�r�s�t�e�r� �a�n�d� �P�a�n�,� �1�9�9�4�)�.� 

�T�h�i�s� �m�a�y� �b�e� �d�u�e� �t�o� �a� �d�e�c�r�e�a�s�e�d� �r�e�s�p�o�n�s�e� �o�f� �c�h�e�m�o�r�e�c�e�p�t�o�r�s� �t�o� 
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�m�a�t�c�h� �a�l�v�e�o�l�a�r� �v�e�n�t�i�l�a�t�i�o�n� �t�o� �C�O�,� �p�r�o�d�u�c�t�i�o�n� �i�n� �t�h�e� �e�q�u�i�n�e�,� �o�r� 

�v�e�n�t�i�l�a�t�o�r�y� �d�r�i�v�e� �a�n�d� �m�e�t�a�b�o�l�i�c� �r�a�t�e� �m�a�y� �b�e� �m�o�r�e� �c�l�o�s�e�l�y� 

�m�a�t�c�h�e�d� �i�n� �h�u�m�a�n�s� �(�H�o�d�g�s�o�n� �e�t� �a�l�.�,� �1�9�9�0�)�.� �O�t�h�e�r� �s�t�u�d�i�e�s� �h�a�v�e� 

�o�b�s�e�r�v�e�d� �a� �m�a�r�k�e�d� �h�y�p�o�v�e�n�t�i�l�a�t�i�o�n� �a�n�d� �h�y�p�e�r�c�a�p�n�i�a� �(�i�n�c�r�e�a�s�e�d� 

�p�a�c�o�O�,�)� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s�,� �w�h�i�c�h� �d�o�e�s� �n�o�t� �o�c�c�u�r� �i�n� 

�h�u�m�a�n�s� �(�L�a�n�d�g�r�e�n� �e�t� �a�l�.�,� �1�9�9�1�)�,� �a�n�d� �m�a�y� �b�e� �d�u�e� �t�o� �v�e�n�t�i�l�a�t�i�o�n�-� 

�p�e�r�f�u�s�i�o�n� �i�n�e�q�u�a�l�i�t�i�e�s� �o�r� �l�i�m�i�t�a�t�i�o�n�s� �(�B�a�y�l�y� �e�t� �a�l�.�,� �1�9�8�3�)�.� 

�T�h�e�r�e� �i�s� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �b�r�e�a�t�h�i�n�g� �a�n�d� �s�t�r�i�d�e� �f�r�e�q�u�e�n�c�y� 

�c�y�c�l�e�s� �a�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �i�n� �t�h�e� �e�x�e�r�c�i�s�i�n�g� �h�o�r�s�e�,� �b�u�t� 

�c�e�r�t�a�i�n� �t�y�p�e�s� �o�f� �e�x�e�r�c�i�s�e� �w�i�l�l� �c�a�u�s�e� �d�e�c�o�u�p�l�i�n�g� �(�L�a�n�d�g�r�e�n� �a�n�d� 

�G�i�l�l�e�s�p�i�e�,� �1�9�8�9�;� �E�v�a�n�s� �e�t� �a�l�.�,� �1�9�9�4�)�.� 

�I�n�c�r�e�a�s�e�s� �i�n� �v�e�n�o�u�s� �p�l�a�s�m�a� �C�O�,� �r�e�s�u�l�t� �f�r�o�m� �d�i�f�f�u�s�i�o�n� �f�r�o�m� 

�w�o�r�k�i�n�g� �m�u�s�c�l�e�.� �D�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �c�a�r�b�o�n�i�c� �a�n�h�y�d�r�a�s�e� �i�n� 

�p�l�a�s�m�a�,� �t�h�e� �C�O�,� �m�o�v�e�s� �q�u�i�c�k�l�y� �i�n�t�o� �t�h�e� �e�r�y�t�h�r�o�c�y�t�e�,� �w�h�e�r�e� �i�t� 

�i�s� �h�y�d�r�a�t�e�d� �t�o� �H�C�O�,� �a�n�d� �H�*�.� �T�h�e� �H�*� �c�o�m�b�i�n�e�s� �w�i�t�h� �H�b�,� �a�n�d� �t�h�e� 

�H�C�O�,� �m�o�v�e�s� �o�u�t� �o�f� �t�h�e� �r�e�d� �c�e�l�l� �i�n� �e�x�c�h�a�n�g�e� �f�o�r� �p�l�a�s�m�a� �C�l�;� 

�t�h�i�s�  ��c�h�l�o�r�i�d�e� �s�h�i�f�t �� �i�s� �r�e�v�e�r�s�e�d� �i�n� �a�r�t�e�r�i�a�l� �b�l�o�o�d� �a�t� �t�h�e� 

�l�u�n�g� �(�M�o�l�o�n�y� �a�n�d� �J�a�c�o�b�s�o�n�,� �1�9�8�6�)�.� �T�h�i�s� �m�e�c�h�a�n�i�s�m� �f�a�c�i�l�i�t�a�t�e�s� 

�t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �C�O�,�,� �a�n�d� �h�a�s� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� �t�h�e� 

�e�x�e�r�c�i�s�i�n�g� �h�o�r�s�e�,� �b�u�t� �t�h�e�r�e� �a�r�e� �f�e�w� �s�t�u�d�i�e�s� �w�h�i�c�h� �h�a�v�e� 

�s�i�m�u�l�t�a�n�e�o�u�s�l�y� �e�v�a�l�u�a�t�e�d� �a�r�t�e�r�i�a�l� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �a�c�i�d�-�b�a�s�e� 

�b�a�l�a�n�c�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �(�C�a�r�l�s�o�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

�p�o�,�.� �I�n�c�r�e�a�s�e�d� �o�x�y�g�e�n� �d�e�m�a�n�d�s� �a�r�e� �m�e�t� �i�n� �t�h�e� �h�o�r�s�e� �t�h�r�o�u�g�h� 

�s�e�v�e�r�a�l� �m�e�c�h�a�n�i�s�m�s�.� �C�a�r�d�i�a�c� �o�u�t�p�u�t� �c�a�n� �i�n�c�r�e�a�s�e� �d�r�a�m�a�t�i�c�a�l�l�y� 

�i�n� �t�h�e� �h�o�r�s�e�,� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� �a� �s�e�v�e�n� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �h�e�a�r�t� 
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�r�a�t�e� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �(�T�a�y�l�o�r� �e�t� �a�l�.�,� �1�9�8�7�)�.� �P�u�l�m�o�n�a�r�y� 

�d�i�f�f�u�s�i�n�g� �c�a�p�a�c�i�t�y� �a�n�d� �a�l�v�e�o�l�a�r�-�c�a�p�i�l�l�a�r�y� �p�O�,� �d�i�f�f�e�r�e�n�c�e� �w�e�r�e� 

�l�a�r�g�e�r� �i�n� �r�a�c�e�h�o�r�s�e�s� �c�o�m�p�a�r�e�d� �t�o� �s�t�e�e�r�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� 

�g�r�e�a�t�e�r� �o�x�y�g�e�n� �u�p�t�a�k�e�,� �a�n�d� �a�d�a�p�t�a�t�i�o�n�s� �i�n� �m�u�s�c�l�e� �c�a�p�i�l�l�a�r�y� �a�n�d� 

�m�i�t�o�c�h�o�n�d�r�i�a�l� �d�e�n�s�i�t�y� �c�o�u�l�d� �c�o�n�t�r�i�b�u�t�e� �t�o� �h�i�g�h� �l�e�v�e�l�s� �o�f� 

�m�u�s�c�l�e� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n� �(�C�o�n�s�t�a�n�t�i�n�o�p�o�l� �e�t� �a�l�.�,� �1�9�8�9�)�.� 

�C�h�a�n�g�e�s� �i�n� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �u�p�t�a�k�e� �(�V�O�,�m�a�x�)� �i�n� �p�o�n�i�e�s� �r�e�s�u�l�t�e�d� 

�f�r�o�m� �a�n� �i�n�c�r�e�a�s�e�d� �h�e�m�o�g�l�o�b�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�b�]�)� �d�u�e� �t�o� 

�s�p�l�e�n�i�c� �c�o�n�t�r�a�c�t�i�o�n�,� �a�n�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �o�x�y�g�e�n� �s�a�t�u�r�a�t�i�o�n� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �s�p�e�c�i�e�s� �(�W�a�g�n�e�r�,� �1�9�9�4�)�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �[�H�b�]� 

�c�a�n� �a�u�g�m�e�n�t� �V�O�,�m�a�x� �b�y� �3�0�%� �i�n� �t�h�e� �h�o�r�s�e�,� �b�u�t� �t�h�e� �l�a�r�g�e� 

�i�n�c�r�e�a�s�e�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �[�H�*�]� �c�a�u�s�e� �o�x�y�g�e�n� �d�e�s�a�t�u�r�a�t�i�o�n�.� 

�T�h�e� �d�i�v�e�r�g�i�n�g� �v�e�n�t�i�l�a�t�o�r�y� �r�e�s�p�o�n�s�e� �(�i�n�c�r�e�a�s�e�d� �p�a�C�O�,� �a�n�d� 

�d�e�c�r�e�a�s�e�d� �p�a�O�,�)� �i�n� �p�o�n�i�e�s� �r�e�s�u�l�t�e�d� �i�n� �p�e�a�k� �o�x�y�g�e�n� �t�r�a�n�s�p�o�r�t� 

�o�n�l�y� �a�t� �s�u�b�m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� 

�i�n� �h�u�m�a�n�s� �(�W�a�g�n�e�r�,� �1�9�9�5�)�.� 

�M�u�s�c�l�e� �F�a�t�i�g�u�e� �a�n�d� �[�H � ��]� 

�F�a�t�i�g�u�e� �h�a�s� �b�e�e�n� �d�e�f�i�n�e�d� �a�s� �a� �f�a�i�l�u�r�e� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� 

�e�x�p�e�c�t�e�d� �o�r� �r�e�q�u�i�r�e�d� �p�o�w�e�r� �o�u�t�p�u�t�,� �a�n�d� �r�e�q�u�i�r�e�s �� �t�h�e� 

�m�a�i�n�t�e�n�a�n�c�e� �o�f� �b�o�t�h� �f�o�r�c�e� �a�n�d� �v�e�l�o�c�i�t�y� �(�E�d�w�a�r�d�s�,� �1�9�8�3�)�.� �T�h�e� 

�a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �[�H�*�]� �i�n� �m�u�s�c�l�e� �h�a�s� �o�f�t�e�n� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �a�s� 

�t�h�e� �p�r�i�m�a�r�y� �c�a�u�s�a�t�i�v�e� �f�a�c�t�o�r� �o�f� �f�a�t�i�g�u�e�,� �b�u�t� �t�h�i�s� �m�a�y� �n�o�t� �b�e� 

�a� �d�i�r�e�c�t� �e�f�f�e�c�t�,� �a�n�d� �f�a�t�i�g�u�e� �m�a�y� �h�a�v�e� �m�o�r�e� �t�h�a�n� �o�n�e� �c�o�m�p�o�n�e�n�t� 

�(�M�a�i�n�w�o�o�d� �a�n�d� �R�e�n�a�u�d�,� �1�9�8�4�)�.� �A� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �v�a�r�i�a�b�l�e�s� �c�o�u�l�d� 
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�b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �m�u�s�c�l�e� �f�a�t�i�g�u�e�,� �a�s� �s�h�o�w�n� �b�y� �s�t�u�d�i�e�s� 

�r�e�p�o�r�t�i�n�g� �n�o� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �[�H�*�]� �a�n�d� �c�h�a�n�g�e�s� �i�n� �f�o�r�c�e� 

�p�r�o�d�u�c�t�i�o�n� �(�V�o�l�l�e�s�t�a�d� �a�n�d� �S�e�j�e�r�s�t�e�d�,� �1�9�8�8�;� �W�i�l�s�o�n� �e�t� �a�l�.�,� 

�1�9�8�8�)�.� �A�l�t�h�o�u�g�h� �t�h�e� �s�e�c�o�n�d� �p�h�a�s�e� �o�f� �f�o�r�c�e� �r�e�c�o�v�e�r�y� �h�a�s� �b�e�e�n� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �[�H ��]�,� �t�h�e� �i�n�i�t�i�a�l� �p�h�a�s�e� �o�f� 

�r�e�c�o�v�e�r�y� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �[�H�*�]� �(�M�e�t�z�g�e�r� �a�n�d� �F�i�t�t�s�,� �1�9�8�7�)�.� 

�M�u�s�c�l�e� �f�a�t�i�g�u�e� �p�r�o�b�a�b�l�y� �r�e�s�u�l�t�s� �f�r�o�m� �b�o�t�h� �c�e�n�t�r�a�l� �a�n�d� 

�p�e�r�i�p�h�e�r�a�l� �e�v�e�n�t�s�,� �s�u�c�h� �a�s� �c�h�a�n�g�e�s� �i�n� �n�e�u�r�a�l� �c�o�n�d�u�c�t�i�o�n�,� �o�r� 

�a�l�t�e�r�a�t�i�o�n� �o�f� �o�t�h�e�r� �m�e�t�a�b�o�l�i�t�e�s�,� �s�u�c�h� �a�s� �p�h�o�s�p�h�a�t�e� �a�n�d� 

�c�a�l�c�i�u�m�,� �w�h�i�c�h� �m�a�y� �b�e� �m�e�d�i�a�t�e�d� �t�h�r�o�u�g�h� �[�H�*�]� �(�L�u�c�k�i�n� �e�t� �a�l�.�,� 

�1�9�9�1�)�.� �C�h�a�n�g�e�s� �i�n� �[�H�*�]� �i�t�s�e�l�f� �a�r�e� �d�i�r�e�c�t�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�h�y�d�r�o�p�h�i�l�i�c� �a�m�i�n�o� �a�c�i�d�,� �h�i�s�t�i�d�i�n�e�,� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a�n� �i�m�i�d�a�z�o�l�e� 

�g�r�o�u�p� �t�h�a�t� �c�a�n� �r�e�v�e�r�s�i�b�l�y� �b�i�n�d� �p�r�o�t�o�n�s� �o�v�e�r� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�p�H� �r�a�n�g�e� �(�J�e�n�n�i�n�g�s�,� �1�9�9�3�)�.� �S�u�p�p�l�y�i�n�g� �p�r�o�t�o�n�s� �t�o� �e�n�z�y�m�e�s� �t�h�a�t� 

�c�o�n�t�a�i�n� �h�i�s�t�i�d�i�n�e� �i�m�i�d�a�z�o�l�e� �g�r�o�u�p�s� �w�i�l�l� �p�r�o�m�o�t�e� �b�i�n�d�i�n�g� �o�r� 

�b�u�f�f�e�r�i�n�g�,� �c�h�a�n�g�e� �t�h�e� �n�e�t� �c�h�a�r�g�e�,� �a�f�f�e�c�t� �c�o�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� 

�a�l�t�e�r� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �e�n�z�y�m�e�s� �(�R�e�e�v�e�s�,� �1�9�8�5�)�.� 

�I�n�c�r�e�a�s�e�d� �[�H�*�]� �d�e�c�r�e�a�s�e�s� �t�h�e� �d�e�v�e�l�o�p�e�d� �f�o�r�c�e� �i�n� �c�a�r�d�i�a�c� 

�m�u�s�c�l�e� �b�y� �i�n�t�e�r�f�e�r�i�n�g� �w�i�t�h� �t�h�e� �d�e�l�i�v�e�r�y� �o�f� �c�a�l�c�i�u�m� �i�o�n�s� �(�C�a ��)� 

�t�o� �t�h�e� �m�y�o�f�i�l�a�m�e�n�t�s�,� �a�n�d�/�o�r� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �m�y�o�f�i�l�a�m�e�n�t�s� 

�t�o� �t�h�e� �C�a ��,� �b�u�t� �t�h�e� �r�a�t�e� �a�n�d� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �r�e�s�p�o�n�s�e�s� �d�e�p�e�n�d� 

�o�n� �t�h�e� �o�r�i�g�i�n� �o�f� �t�h�e� �a�c�i�d�o�s�i�s� �(�O�r�c�h�a�r�d� �a�n�d� �K�e�n�t�i�s�h�,� �1�9�9�0�)�.� 

�T�h�e� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e� �s�a�r�c�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� �(�S�R�)� �f�u�n�c�t�i�o�n� �c�a�n� 

�b�e� �a�l�t�e�r�e�d� �i�n� �v�i�t�r�o� �a�t� �h�i�g�h� �[�H�*�]�,� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�d�u�c�e�d� �r�a�t�e�s� 

�o�f� �c�a�l�c�i�u�m� �u�p�t�a�k�e� �a�n�d� �r�e�l�e�a�s�e� �(�N�a�k�a�m�u�r�a� �a�n�d� �S�c�h�w�a�r�t�z�,� �1�9�7�2�)�.� 

�T�h�e� �r�a�t�e� �a�n�d� �p�e�a�k� �c�a�p�a�c�i�t�y� �o�f� �e�q�u�i�n�e� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e� �S�R� �t�o� 
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�t�a�k�e� �u�p� �C�a�*�*� �w�a�s� �d�e�p�r�e�s�s�e�d� �a�f�t�e�r� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �t�o� �f�a�t�i�g�u�e� 

�(�W�i�l�s�o�n� �e�t� �a�l�.�,� �1�9�8�8�;� �B�y�r�d� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�e� �d�e�p�r�e�s�s�e�d� 

�u�p�t�a�k�e� �o�f� �C�a �� �w�a�s� �c�o�r�r�e�l�a�t�e�d� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� 

�C�a�*�*�-�M�g�*�*� �s�t�i�m�u�l�a�t�e�d� �A�T�P�a�s�e� �a�c�t�i�v�i�t�y�,� �w�h�i�c�h� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� 

�b�o�t�h� �t�h�e� �m�u�s�c�l�e� �[�H�*�]� �a�c�c�u�m�u�l�a�t�i�o�n�,� �a�n�d� �t�h�e� �l�a�r�g�e� �i�n�c�r�e�a�s�e� �i�n� 

�m�u�s�c�l�e� �t�e�m�p�e�r�a�t�u�r�e�.� 

�A�c�c�u�m�u�l�a�t�i�o�n� �o�f� �[�H�*�]� �i�n� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� 

�w�i�l�l� �d�i�f�f�e�r� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�a�t�e� �o�f� �h�y�d�r�o�l�y�s�i�s� �o�f� �P�C�r�,� �w�h�i�c�h� 

�u�t�i�l�i�z�e�s� �p�r�o�t�o�n�s� �(�M�a�i�n�w�o�o�d� �e�t� �a�l�.�,� �1�9�8�7�)�,� �a�n�d� �t�h�e� �b�u�f�f�e�r�i�n�g� 

�c�a�p�a�c�i�t�y� �o�f� �t�h�e� �m�u�s�c�l�e�.� �H�o�r�s�e�s� �m�a�y� �b�e� �a�b�l�e� �t�o� �t�o�l�e�r�a�t�e� �t�h�e� 

�r�i�s�e� �i�n� �[�H�*�]� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �e�x�e�r�c�i�s�e� �b�e�t�t�e�r� 

�t�h�a�n� �o�t�h�e�r� �s�p�e�c�i�e�s� �b�y� �e�x�p�l�o�i�t�i�n�g� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s�.� �M�u�s�c�l�e� �P�C�r� 

�w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d�,� �a�n�d� �c�r�e�a�t�i�n�e� �w�a�s� �i�n�c�r�e�a�s�e�d� �i�n� 

�T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �d�u�r�i�n�g� �s�h�o�r�t�-�t�e�r�m�,� �m�a�x�i�m�a�l� �a�n�d� 

�s�u�p�r�a�m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �(�R�o�s�e� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�e�s�e� �r�e�s�p�o�n�s�e�s� 

�w�e�r�e� �a�l�s�o� �o�b�s�e�r�v�e�d� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �o�f� �f�o�u�r�,� 

�6�0�0� �m�e�t�e�r� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �b�o�u�t�s� �(�H�o�d�g�s�o�n� �e�t� �a�l�.�,� �1�9�8�7�)�.� 

�E�q�u�i�n�e� �m�u�s�c�l�e� �t�i�s�s�u�e� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�t�e�n�t� �o�f� �h�i�s�t�i�d�i�n�e� 

�d�i�p�e�p�t�i�d�e�s� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �d�o�g�s� �a�n�d� �h�u�m�a�n�s�,� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� 

�t�h�e� �g�r�e�a�t�e�s�t� �m�u�s�c�l�e� �b�u�f�f�e�r�i�n�g� �c�a�p�a�c�i�t�y� �(�H�a�r�r�i�s� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�T�e�m�p�e�r�a�t�u�r�e� �R�e�g�u�l�a�t�i�o�n� �D�u�r�i�n�g� �E�x�e�r�c�i�s�e� 

�C�o�n�t�r�o�l� �o�f� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�.� �B�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �a� �m�e�a�s�u�r�e� 

�o�f� �h�e�a�t� �c�o�n�t�e�n�t� �o�f� �t�h�e� �b�o�d�y�,� �a�n�d� �h�o�m�e�o�t�h�e�r�m�i�c� �a�n�i�m�a�l�s�,� 
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�i�n�c�l�u�d�i�n�g� �m�a�m�m�a�l�s�,� �m�a�i�n�t�a�i�n� �a� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �t�h�a�t� �i�s� 

�p�r�i�m�a�r�i�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �t�e�m�p�e�r�a�t�u�r�e� �(�H�a�r�d�y�,� 

�1�9�6�1�)�.� �H�o�w�e�v�e�r�,� �m�e�c�h�a�n�i�s�m�s� �r�e�g�u�l�a�t�i�n�g� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� 

�m�o�n�i�t�o�r� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g�s�,� �a�n�d� �a�d�j�u�s�t� �t�h�e� �h�e�a�t� �e�x�c�h�a�n�g�e� �t�o� 

�p�r�o�t�e�c�t� �t�h�e� �n�a�r�r�o�w� �r�a�n�g�e� �w�i�t�h�i�n� �w�h�i�c�h� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �i�s� 

�m�a�i�n�t�a�i�n�e�d� �(�S�t�i�t�t�,� �1�9�9�3�)�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� 

�t�h�a�t� �o�c�c�u�r�s� �w�i�t�h� �e�x�e�r�c�i�s�e� �i�s� �c�a�u�s�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�i�n�t�e�r�n�a�l� �h�e�a�t� �p�r�o�d�u�c�t�i�o�n� �f�r�o�m� �t�h�e� �c�o�n�t�r�a�c�t�i�n�g� �m�u�s�c�l�e� �m�a�s�s�.� 

�T�h�e� �e�x�a�c�t� �m�e�c�h�a�n�i�s�m� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� 

�t�h�e� �h�e�a�t� �p�r�o�d�u�c�e�d�,� �a�n�d� �t�h�e� �c�o�n�t�r�o�l� �o�f� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �i�s� �n�o�t� �c�l�e�a�r�,� �b�u�t� �t�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �t�h�e�o�r�i�e�s�.� �I�n�p�u�t� 

�t�o� �t�h�e� �c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m� �(�C�N�S�)� �f�r�o�m� �c�u�t�a�n�e�o�u�s� �a�n�d� �m�u�s�c�l�e� 

�r�e�c�e�p�t�o�r�s�,� �a�n�d� �C�N�S� �t�i�s�s�u�e� �i�o�n� �a�l�t�e�r�a�t�i�o�n�s� �m�a�y� �p�l�a�y� �a� �m�a�j�o�r� 

�r�o�l�e� �(�M�y�e�r�s�,� �1�9�6�9�)�.� �C�h�a�n�g�e�s� �i�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �p�o�n�i�e�s� 

�w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �b�r�e�a�t�h�i�n�g� �f�r�e�q�u�e�n�c�y�,� 

�s�u�g�g�e�s�t�i�n�g� �a� �r�o�l�e� �f�o�r� �c�u�t�a�n�e�o�u�s� �t�h�e�r�m�o�r�e�c�e�p�t�o�r�s� �i�n� �t�h�e� �h�o�r�s�e� 

�(�K�a�m�i�n�s�k�i� �e�t� �a�l�.�,� �1�9�8�5�)�.� �D�e�p�e�n�d�i�n�g� �u�p�o�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�c�o�n�d�i�t�i�o�n�s�,� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �e�v�a�p�o�r�a�t�i�v�e�,� �c�o�n�d�u�c�t�i�v�e�,� 

�c�o�n�v�e�c�t�i�v�e�,� �a�n�d� �r�a�d�i�a�t�i�v�e� �c�o�o�l�i�n�g� �w�i�l�l� �v�a�r�y�.� �E�v�a�p�o�r�a�t�i�o�n� �i�s� 

�t�h�e� �m�o�s�t� �e�f�f�i�c�i�e�n�t� �m�e�a�n�s� �o�f� �h�e�a�t� �l�o�s�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �a�n�d� �m�a�y� 

�b�e� �t�h�e� �o�n�l�y� �w�a�y� �t�o� �d�i�s�s�i�p�a�t�e� �h�e�a�t� �i�n� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s� �(�A�s�t�r�a�n�d� 

�a�n�d� �R�o�d�a�h�l�,� �1�9�7�0�)�.� �T�h�e� �a�m�o�u�n�t� �o�f� �h�e�a�t� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� 

�e�x�e�r�c�i�s�i�n�g� �h�o�r�s�e� �v�a�r�i�e�s� �w�i�t�h� �i�n�t�e�n�s�i�t�y� �a�n�d� �d�u�r�a�t�i�o�n�,� �b�u�t� �2�,�0�0�0� 

�t�o� �4�,�0�0�0� �k�c�a�l� �o�f� �g�e�n�e�r�a�t�e�d� �h�e�a�t� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� 

�T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �(�H�o�d�g�s�o�n� �e�t� �a�l�.�,� �1�9�9�3�)�,� �a�n�d� �u�p� �t�o� �2�0�%� �o�f� 

�t�h�i�s� �r�e�m�a�i�n�e�d� �a�s� �s�t�o�r�e�d� �h�e�a�t� �3�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �e�x�e�r�c�i�s�e�.� 
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�T�h�e�r�m�o�r�e�g�u�l�a�t�i�o�n� �w�a�s� �i�m�p�a�i�r�e�d� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �p�r�i�m�a�r�i�l�y� 

�d�u�e� �t�o� �d�e�c�r�e�a�s�e�d� �t�r�a�n�s�f�e�r� �o�f� �h�e�a�t� �f�r�o�m� �t�h�e� �c�o�r�e� �t�o� �t�h�e� 

�p�e�r�i�p�h�e�r�y� �(�N�a�y�l�o�r� �e�t� �a�l�.�,� �1�9�9�3�)�.� 

�T�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s� �w�i�l�l� �v�a�r�y� �w�i�t�h� �s�i�t�e� �o�f� �m�e�a�s�u�r�e�m�e�n�t�,� �b�u�t� 

�t�h�e�r�e� �i�s� �d�e�b�a�t�e� �c�o�n�c�e�r�n�i�n�g� �w�h�i�c�h� �s�i�t�e� �i�s� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e�.� 

�B�r�a�i�n�,� �o�r� �h�y�p�o�t�h�a�l�a�m�i�c� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �e�x�t�r�e�m�e�l�y� �s�e�n�s�i�t�i�v�e� �t�o� 

�l�o�c�a�l� �t�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s�,� �b�u�t� �i�s� �a� �h�i�g�h�l�y� �i�n�v�a�s�i�v�e� 

�m�e�a�s�u�r�e�m�e�n�t�,� �a�n�d� �i�t�s� �r�e�g�u�l�a�t�i�o�n� �m�a�y� �b�e� �d�i�v�e�r�g�e�n�t� �f�r�o�m� �t�h�e� 

�c�o�n�t�r�o�l� �o�f� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �(�B�a�k�e�r� �a�n�d� �H�a�y�w�a�r�d�,� �1�9�6�7�)�.� �S�o�m�e� 

�r�e�s�e�a�r�c�h�e�r�s� �u�s�e� �t�y�m�p�a�n�i�c� �t�e�m�p�e�r�a�t�u�r�e�,� �b�u�t� �t�h�i�s� �m�a�y� �b�e� �a�f�f�e�c�t�e�d� 

�b�y� �b�l�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �r�e�t�u�r�n�i�n�g� �f�r�o�m� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �h�e�a�d� 

�a�n�d� �f�a�c�e� �(�J�e�s�s�e�n� �a�n�d� �K�u�h�n�e�n�,� �1�9�9�2�)�.� �R�e�c�t�a�l� �o�r� �e�s�o�p�h�a�g�e�a�l� 

�t�e�m�p�e�r�a�t�u�r�e�s� �a�r�e� �u�s�e�d� �i�n� �h�u�m�a�n� �s�t�u�d�i�e�s�,� �w�i�t�h� �a� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 

�b�l�o�o�d� �l�e�a�v�i�n�g� �t�h�e� �h�e�a�r�t� �(�a�o�r�t�i�c� �t�e�m�p�e�r�a�t�u�r�e�)� �c�o�n�s�i�d�e�r�e�d� �m�o�r�e� 

�a�p�p�r�o�p�r�i�a�t�e�,� �b�u�t� �r�a�r�e�l�y� �j�u�s�t�i�f�i�a�b�l�e� �(�N�e�i�l�s�e�n� �a�n�d� �N�e�i�l�s�e�n�,� 

�1�9�6�2�)�.� 

�S�i�t�e�s� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �t�h�e� �h�o�r�s�e� �h�a�v�e� 

�i�n�c�l�u�d�e�d� �t�h�e� �r�e�c�t�u�m�,� �s�u�p�e�r�f�i�c�i�a�l� �t�h�o�r�a�c�i�c� �v�e�i�n�,� �c�a�r�o�t�i�d� 

�a�r�t�e�r�y�,� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�y�,� �a�n�d� �m�i�d�d�l�e� �g�l�u�t�e�a�l� �m�u�s�c�l�e� �(�P�a�n� �e�t� 

�a�l�.�,� �1�9�8�6�;� �B�a�y�l�y� �e�t� �a�l�.�,� �1�9�8�9�;� �J�o�n�e�s� �e�t� �a�l�.�,� �1�9�8�9�;� �H�o�d�g�s�o�n� �e�t� 

�a�l�.�,� �1�9�9�3�)�.� �T�r�a�i�n�e�d� �h�o�r�s�e�s� �s�h�o�w� �r�e�d�u�c�e�d� �i�n�c�r�e�a�s�e�s� �i�n� 

�p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �(�S�e�x�t�o�n� �e�t� �a�l�.�,� 

�1�9�8�5�)�,� �a�n�d� �i�n� �r�e�s�t�i�n�g� �m�i�d�d�l�e� �g�l�u�t�e�a�l� �m�u�s�c�l�e� �t�e�m�p�e�r�a�t�u�r�e� 

�(�W�i�l�s�o�n� �e�t� �a�l�.�,� �1�9�9�5�)�.� �T�h�i�s� �m�a�y� �b�e� �d�u�e� �t�o� �i�m�p�r�o�v�e�d� �h�e�a�t� �l�o�s�s� 

�t�h�r�o�u�g�h� �r�e�s�p�i�r�a�t�o�r�y� �e�v�a�p�o�r�a�t�i�o�n�,� �a�n�d� �i�n�c�r�e�a�s�e�d� �s�h�u�n�t�i�n�g� �o�f� 

�b�l�o�o�d� �t�o� �t�h�e� �p�e�r�i�p�h�e�r�y�.� 
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�F�l�u�i�d� �H�o�m�e�o�s�t�a�s�i�s�.� �W�a�t�e�r� �c�o�m�p�r�i�s�e�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �p�o�r�t�i�o�n� 

�o�f� �t�h�e� �b�o�d�y�,� �a�n�d� �t�h�e� �d�e�p�l�e�t�i�o�n� �o�f� �b�o�d�y� �w�a�t�e�r� �w�i�l�l� �a�d�v�e�r�s�e�l�y� 

�a�f�f�e�c�t� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e�.� �W�a�t�e�r� �c�a�n� �b�e� �r�e�d�i�s�t�r�i�b�u�t�e�d� 

�w�i�t�h�i�n� �t�h�e� �f�l�u�i�d�-�c�o�n�t�a�i�n�i�n�g� �s�p�a�c�e�s�,� �a�n�d� �t�h�i�s� �r�e�s�e�r�v�o�i�r� �w�i�l�l� 

�M�i�n�i�m�i�z�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �a� �w�a�t�e�r� �d�e�f�i�c�i�t� �(�S�a�w�k�a� �a�n�d� �P�a�n�d�o�l�f�,� 

�1�9�9�0�)�.� �H�o�r�s�e�s� �a�d�a�p�t�e�d� �t�o� �d�e�s�e�r�t� �e�n�v�i�r�o�n�m�e�n�t�s� �w�i�t�h�s�t�o�o�d� �7�2� 

�h�o�u�r�s� �o�f� �d�e�h�y�d�r�a�t�i�o�n� �(�1�2�%� �r�e�d�u�c�t�i�o�n� �i�n� �b�o�d�y� �m�a�s�s�)� �w�i�t�h� �n�o� �i�l�l� 

�e�f�f�e�c�t�s�,� �p�r�i�m�a�r�i�l�y� �b�y� �l�i�m�i�t�i�n�g� �f�l�u�i�d� �l�o�s�s� �f�r�o�m� �p�l�a�s�m�a� �a�t� �t�h�e� 

�e�x�p�e�n�s�e� �o�f� �i�n�t�e�r�s�t�i�t�i�a�l� �f�l�u�i�d� �v�o�l�u�m�e�,� �a�n�d� �i�n�t�r�a�c�e�l�l�u�l�a�r� �o�r� 

�t�r�a�n�s�c�e�l�l�u�l�a�r� �f�l�u�i�d� �(�S�n�e�d�d�o�n�,� �1�9�9�1�)�.� �A�n�o�t�h�e�r� �s�t�u�d�y� �r�e�v�e�a�l�e�d� 

�t�h�a�t� �t�h�e� �p�r�o�t�e�c�t�i�o�n� �o�f� �p�l�a�s�m�a� �v�o�l�u�m�e� �d�u�r�i�n�g� �d�e�h�y�d�r�a�t�i�o�n� �a�n�d� 

�r�e�h�y�d�r�a�t�i�o�n� �w�a�s� �a�i�d�e�d� �b�y� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �i�n�t�r�a�v�a�s�c�u�l�a�r� 

�p�r�o�t�e�i�n� �l�e�v�e�l�s� �(�S�n�e�d�d�o�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� �D�e�h�y�d�r�a�t�i�o�n� �i�n� �h�o�r�s�e�s� 

�i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �v�a�s�o�p�r�e�s�s�i�n� �a�n�d� �o�s�m�o�l�a�l�i�t�y�,� �a�n�d� �w�a�s� 

�a�c�c�o�m�p�a�n�i�e�d� �b�y� �s�l�i�g�h�t� �d�e�c�r�e�a�s�e�s� �i�n� �p�l�a�s�m�a� �a�l�d�o�s�t�e�r�o�n�e�,� �w�h�i�l�e� 

�r�e�h�y�d�r�a�t�i�o�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �a�l�d�o�s�t�e�r�o�n�e� �(�S�n�e�d�d�o�n� �e�t� 

�a�l�.�,� �1�9�9�3�)�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �a�l�d�o�s�t�e�r�o�n�e� �u�p�o�n� �r�e�h�y�d�r�a�t�i�o�n� �w�a�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n� �i�s�o�t�o�n�i�c� �a�b�s�o�r�p�t�i�o�n� �o�f� �f�l�u�i�d� �a�c�r�o�s�s� �t�h�e� �g�u�t� 

�e�p�i�t�h�e�l�i�u�m�.� 

�S�w�e�a�t�i�n�g� �R�e�s�p�o�n�s�e�s�.� �I�n� �h�u�m�a�n�s�,� �s�w�e�a�t�i�n�g� �r�a�t�e� �c�a�n� �c�h�a�n�g�e� 

�w�i�t�h� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �d�e�w� �p�o�i�n�t� 

�t�e�m�p�e�r�a�t�u�r�e�,� �r�a�d�i�e�n�t� �h�e�a�t� �l�o�a�d�,� �a�i�r� �v�e�l�o�c�i�t�y�,� �c�l�o�t�h�i�n�g�,� �a�n�d� 

�a�c�t�i�v�i�t�y� �l�e�v�e�l� �(�S�h�a�p�i�r�o� �e�t� �a�l�.�,� �1�9�8�2�)�.� �A�n� �a�v�e�r�a�g�e� �s�w�e�a�t�i�n�g� 

�r�a�t�e� �d�u�r�i�n�g� �m�i�l�i�t�a�r�y� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �d�e�s�e�r�t� �w�a�s� �4�.�1� �L� �e�v�e�r�y� �2�4� 
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�h�o�u�r�s�,� �b�u�t� �c�a�n� �b�e� �a�s� �h�i�g�h� �a�s� �3�.�7� �L� �p�e�r� �h�o�u�r�,� �a�s� �w�a�s� �r�e�p�o�r�t�e�d� 

�d�u�r�i�n�g� �a�n� �O�l�y�m�p�i�c� �M�a�r�a�t�h�o�n� �(�A�r�m�s�t�r�o�n�g� �e�t� �a�l�.�,� �1�9�8�6�)�.� �E�c�c�r�i�n�e� 

�s�w�e�a�t� �g�l�a�n�d�s� �a�r�e� �i�n�v�o�v�l�e�d� �i�n� �t�h�e�r�m�o�r�e�g�u�l�a�t�i�o�n� �i�n� �h�u�m�a�n�s�,� �a�n�d� 

�a�r�e� �s�t�i�m�u�l�a�t�e�d� �t�r�a�n�s�i�e�n�t�l�y� �b�y� �p�r�o�s�t�a�g�l�a�n�d�i�n�s�,� �b�u�t� �p�r�i�m�a�r�i�l�y� �b�y� 

�a�c�e�t�y�l�c�h�o�l�i�n�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �C�a�*�*� �(�S�a�t�o� �a�n�d� �S�a�t�o�,� �1�9�8�1�)�.� 

�E�x�e�r�c�i�s�e�-�i�n�d�u�c�e�d� �s�w�e�a�t�i�n�g� �i�n� �t�h�e� �h�o�r�s�e� �i�n�v�o�l�v�e�s� �c�i�r�c�u�l�a�t�i�n�g� 

�e�p�i�n�e�p�h�r�i�n�e� �a�n�d� �s�y�m�p�a�t�h�e�t�i�c� �n�e�r�v�o�u�s� �a�c�t�i�v�i�t�y�,� �a�n�d� �e�q�u�i�n�e� �s�w�e�a�t� 

�g�l�a�n�d�s� �a�r�e� �f�o�l�l�i�c�l�e�-�a�s�s�o�c�i�a�t�e�d�,� �t�h�u�s� �r�e�s�e�m�b�l�i�n�g� �a�p�o�c�r�i�n�e� 

�g�l�a�n�d�s� �i�n� �o�t�h�e�r� �s�p�e�c�i�e�s� �(�M�o�n�t�g�o�m�e�r�y� �e�t� �a�l�.�,� �1�9�8�2�)�.� �S�w�e�a�t�i�n�g� 

�r�a�t�e�s� �i�n� �h�o�r�s�e�s� �m�a�y� �a�p�p�r�o�a�c�h� �1�0� �t�o� �1�2� �L� �p�e�r� �h�o�u�r� �d�u�r�i�n�g� 

�p�r�o�l�o�n�g�e�d� �e�x�e�r�c�i�s�e� �i�n� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s� �(�C�a�r�l�s�o�n� �a�n�d� �O�c�e�n�,� 

�1�9�7�9�)�.� �P�e�r�t�u�r�b�a�t�i�o�n�s� �i�n� �f�l�u�i�d� �a�n�d� �e�l�e�c�t�r�o�l�y�t�e� �b�a�l�a�n�c�e� �c�a�n� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �h�e�a�t� �s�t�r�o�k�e�,� �e�x�h�a�u�s�t�e�d� �h�o�r�s�e� �s�y�n�d�r�o�m�e�,� �a�n�d� 

�r�h�a�b�d�o�m�y�o�l�y�s�i�s� �(�C�a�r�l�s�o�n�,� �1�9�8�5�)�.� �H�o�r�s�e�s� �t�r�a�i�n�e�d� �a�n�d� �r�a�c�e�d� �i�n� 

�t�r�o�p�i�c�a�l� �c�l�i�m�a�t�e�s� �m�a�y� �d�e�v�l�e�o�p� �p�a�r�t�i�a�l�,� �o�r� �c�o�m�p�l�e�t�e� �a�n�h�i�d�r�o�s�i�s�,� 

�w�h�i�c�h� �i�s� �a� �d�e�c�r�e�a�s�e� �i�n� �s�w�e�a�t� �p�r�o�d�u�c�t�i�o�n�,� �p�r�o�b�a�b�l�y� �c�a�u�s�e�d� �b�y� 

�p�r�o�l�o�n�g�e�d� �o�v�e�r�s�t�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �s�w�e�a�t� �g�l�a�n�d�s� �(�J�e�n�k�i�n�s�o�n� �e�t� 

�a�l�.�,� �1�9�8�2�)�.� 

�C�o�n�t�r�o�l� �o�f� �s�w�e�a�t� �s�e�c�r�e�t�i�o�n� �a�n�d� �r�e�g�u�l�a�t�i�o�n� �o�f� �s�w�e�a�t� �c�o�n�t�e�n�t� 

�i�n� �t�h�e� �h�o�r�s�e� �i�s� �n�o�t� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�,� �b�u�t� �t�h�e� �e�l�e�c�t�r�o�l�y�t�e� 

�c�o�m�p�o�s�t�i�o�n� �i�s� �p�r�o�b�a�b�l�y� �m�o�d�i�f�i�e�d� �b�y� �s�e�c�r�e�t�o�r�y� �o�r� �r�e�s�o�r�p�t�i�v�e� 

�p�r�o�c�e�s�s�e�s�s� �w�i�t�h�i�n� �t�h�e� �s�w�e�a�t� �d�u�c�t� �(�K�e�r�r� �a�n�d� �S�n�o�w�,� �1�9�8�3�)�.� �I�n� 

�c�o�n�t�r�a�s�t� �t�o� �h�u�m�a�n�s�,� �e�q�u�i�n�e� �s�w�e�a�t� �i�s� �h�y�p�e�r�t�o�n�i�c� �t�o� �p�l�a�s�m�a� �f�o�r� 

�s�o�d�i�u�m�,� �p�o�t�a�s�s�i�u�m�,� �c�h�l�o�r�i�d�e�,� �a�n�d� �p�r�o�t�e�i�n�.� �H�o�w�e�v�e�r�,� �d�i�e�t�,� 

�s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� �s�i�t�e�,� �a�n�d� �m�e�a�n�s� �o�f� �i�n�d�u�c�t�i�o�n� �o�f� �s�w�e�a�t�i�n�g� �w�i�l�l� 

�a�l�l� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �s�w�e�a�t� �c�o�m�p�o�s�i�t�i�o�n� �(�S�n�o�w� �e�t� 
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�a�l�.�,� �1�9�8�2�;� �K�e�r�r� �a�n�d� �S�n�o�w�,� �1�9�8�3�)�.� 

�T�e�m�p�e�r�a�t�u�r�e� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r�s�.� �E�x�e�r�c�i�s�e�-�i�n�d�u�c�e�d� �i�n�c�r�e�a�s�e�s� 

�i�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �a�l�o�n�e� �m�a�y� �c�a�u�s�e� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� 

�b�l�o�o�d� �g�a�s�e�s� �a�n�d� �a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s�.� �W�h�e�n� �b�l�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �i�s� 

�i�n�c�r�e�a�s�e�d�,� �[�H�"�]�,� �p�C�O�,�,� �a�n�d� �0�,� �r�e�l�e�a�s�e� �t�o� �t�i�s�s�u�e�s� �i�s� �i�n�c�r�e�a�s�e�d�,� 

�b�u�t� �0�,� �a�f�f�i�n�i�t�y� �i�s� �d�e�c�r�e�a�s�e�d� �(�A�d�a�m�s� �a�n�f� �H�a�h�n�,� �1�9�8�2�)�.� �T�h�e� 

�c�h�a�n�g�e�s� �i�n� �[�H�*�]� �a�r�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �h�y�d�r�o�p�h�i�l�i�c� �a�m�i�n�o� �a�c�i�d�,� 

�h�i�s�t�i�d�i�n�e�,� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a�n� �i�m�i�d�a�z�o�l�e� �g�r�o�u�p� �t�h�a�t� �c�a�n� 

�r�e�v�e�r�s�i�b�l�y� �b�i�n�d� �p�r�o�t�o�n�s� �o�v�e�r� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �p�H� �r�a�n�g�e� 

�(�J�e�n�n�i�n�g�s�,� �1�9�9�3�)�.� �S�u�p�p�l�y�i�n�g� �p�r�o�t�o�n�s� �t�o� �e�n�z�y�m�e�s� �t�h�a�t� �c�o�n�t�a�i�n� 

�h�i�s�t�i�d�i�n�e� �i�m�i�d�a�z�o�l�e� �g�r�o�u�p�s� �w�i�l�l� �p�r�o�m�o�t�e� �b�i�n�d�i�n�g� �o�r� �b�u�f�f�e�r�i�n�g�,� 

�c�h�a�n�g�e� �t�h�e� �n�e�t� �c�h�a�r�g�e�,� �a�f�f�e�c�t� �c�o�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� �a�l�t�e�r� �t�h�e� 

�f�u�n�c�t�i�o�n� �o�f� �t�h�e� �e�n�z�y�m�e� �(�R�e�e�v�e�s�,� �1�9�8�5�)�.� �T�h�i�s� �s�u�p�p�l�y� �i�s� 

�r�e�g�u�l�a�t�e�d� �t�h�r�o�u�g�h� �v�e�n�t�i�l�a�t�o�r�y� �c�o�n�t�r�o�l� �o�f� �p�C�O�,�,� �w�h�i�c�h� �w�i�l�l� 

�a�l�t�e�r� �t�h�e� �[�H�*�]� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �d�i�s�s�o�c�i�a�t�i�o�n� �c�o�n�s�t�a�n�t�s� �o�f� 

�p�r�o�t�e�i�n� �s�o� �t�h�a�t� �d�u�r�i�n�g� �c�h�a�n�g�e�s� �i�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �t�h�e�i�r� 

�i�n�t�e�g�r�i�t�y�,� �a�n�d� �h�e�n�c�e�,� �f�u�n�c�t�i�o�n�,� �i�s� �p�r�o�t�e�c�t�e�d� �-� �t�h�e�  ��a�l�p�h�a�s�t�a�t� 

�h�y�p�o�t�h�e�s�i�s �� �o�f� �a�c�i�d�-�b�a�s�e� �r�e�g�u�l�a�t�i�o�n� �(�R�e�e�v�e�s�,� �1�9�7�2�)�.� 

�H�y�p�e�r�t�h�e�r�m�i�a� �i�n� �m�o�s�t� �m�a�m�m�a�l�s� �w�i�l�l� �i�n�c�r�e�a�s�e� �o�x�y�g�e�n� �r�e�l�e�a�s�e� 

�f�r�o�m� �b�l�o�o�d�,� �b�u�t� �i�t� �r�e�d�u�c�e�s� �b�l�o�o�d� �o�x�y�g�e�n�a�t�i�o�n�.� �E�m�p�t�y�i�n�g� �o�f� �t�h�e� 

�s�p�l�e�n�i�c� �r�e�s�e�r�v�e� �i�n� �t�h�e� �h�o�r�s�e� �i�n�c�r�e�a�s�e�s� �t�h�e� �o�x�y�g�e�n�-�c�a�r�r�y�i�n�g� 

�c�a�p�a�c�i�t�y�,� �a�n�d� �e�q�u�i�n�e� �h�e�m�o�g�l�o�b�i�n� �s�h�o�w�s� �a� �h�i�g�h�e�r� �o�x�y�g�e�n� �a�f�f�i�n�i�t�y� 

�t�h�a�n� �h�u�m�a�n�s� �(�C�l�e�r�b�a�u�x� �e�t� �a�l�.�,� �1�9�8�6�)�.� �A� �l�o�w�e�r� �P�,�,� �w�a�s� �o�b�s�e�r�v�e�d� 

�i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �h�u�m�a�n�s� �a�n�d� �t�h�e� 

�H�a�n�o�v�a�r�i�a�n� �b�r�e�e�d� �o�f� �h�o�r�s�e�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �T�h�o�r�o�u�g�h�b�r�e�d� 
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�h�e�m�o�g�l�o�b�i�n� �b�e�c�a�m�e� �5�0�%� �s�a�t�u�r�a�t�e�d� �a�t� �a� �l�o�w�e�r� �p�O�,� �(�S�m�a�l�e� �e�t� �a�l�.�,� 

�1�9�9�4�)�.� �T�h�e�r�e�f�o�r�e�,� �s�o�m�e� �h�o�r�s�e�s� �c�o�u�l�d� �b�e� �i�n�c�o�r�r�e�c�t�l�y� 

�i�n�t�e�r�p�r�e�t�e�d� �a�s� �b�e�i�n�g� �h�y�p�o�x�a�e�m�i�c� �w�h�e�n� �t�h�e� �a�c�t�u�a�l� �p�e�r�c�e�n�t� �o�f� 

�o�x�y�g�e�n� �s�a�t�u�r�a�t�i�o�n� �i�s� �a�d�e�q�u�a�t�e�.� 

�I�n�c�r�e�a�s�e�s� �i�n� �[�H�*�]� �a�l�o�n�e� �w�i�l�l� �l�o�w�e�r� �t�h�e� �o�x�y�g�e�n� �s�a�t�u�r�a�t�i�o�n� �o�f� 

�b�l�o�o�d� �-� �t�h�e� �B�o�h�r� �e�f�f�e�c�t�.� �T�h�e� �a�c�i�d� �B�o�h�r� �e�f�f�e�c�t� �i�s� �t�h�e� �u�p�t�a�k�e� 

�o�f� �p�r�o�t�o�n�s� �o�n� �o�x�y�g�e�n�a�t�i�o�n� �b�e�l�o�w� �p�H� �6�.�0�,� �a�n�d� �t�h�e� �a�l�k�a�l�i�n�e� �B�o�h�r� 

�e�f�f�e�c�t� �i�s� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l�l�y� �i�m�p�o�r�t�a�n�t� �r�e�l�e�a�s�e� �o�f� �p�r�o�t�o�n�s� 

�a�b�o�v�e� �p�H� �6�.�0� �o�n� �o�x�y�g�e�n�a�t�i�o�n� �(�K�i�l�m�a�r�t�i�n�,� �1�9�7�1�)�.� �T�h�e�s�e� �p�H� �a�n�d� 

�t�e�m�p�e�r�a�t�u�r�e�-�d�e�p�e�n�d�e�n�t� �c�h�a�n�g�e�s� �i�n� �a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s� �r�e�q�u�i�r�e� �t�h�a�t� 

�b�l�o�o�d� �g�a�s�e�s� �a�n�d� �[�H�*�]� �b�e� �c�o�r�r�e�c�t�e�d� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�s� �i�n� 
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�o�r� �m�u�s�c�l�e� �t�e�m�p�e�r�a�t�u�r�e�s� �a�r�e� �t�h�e� �p�r�e�f�e�r�r�e�d� �s�i�t�e�s� �f�o�r� �c�o�r�r�e�c�t�i�o�n� 

�p�u�r�p�o�s�e�s� �i�n� �h�o�r�s�e�s� �(�J�o�n�e�s� �e�t� �a�l�.�,� �1�9�8�9�)�,� �b�u�t� �r�e�c�t�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �m�a�y� �b�e� �s�u�f�f�i�c�i�e�n�t� �d�u�r�i�n�g� �s�h�o�r�t�-�t�e�r�m�,� �l�o�w� �i�n�t�e�n�s�i�t�y� 

�e�x�e�r�c�i�s�e� �(�P�a�n� �e�t� �a�l�.�,� �1�9�8�6�)�.� 
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�E�q�u�i�n�e� �A�t�h�l�e�t�e� �5�(�3�)�:�1�7�.� 

�C�l�a�r�k�e�,� �L�.� �L�.�,� �M�.� �C�.� �R�o�b�e�r�t�s�,� �a�n�d� �R�.� �A�.� �A�r�g�e�n�z�i�o�.� �1�9�9�0�.� 
�F�e�e�d�i�n�g� �a�n�d� �d�i�g�e�s�t�i�v�e� �p�r�o�b�l�e�m�s� �i�n� �h�o�r�s�e�s�:� �p�h�y�s�i�o�l�o�g�i�c� 
�r�e�s�p�o�n�s�e�s� �t�o� �a� �c�o�n�c�e�n�t�r�a�t�e�d� �m�e�a�l�.� �V�e�t�.� �C�l�i�n�.� �N�o�r�t�h� �A�m�.� 
�E�q�u�i�n�e� �P�r�a�c�t�.� �6�:�4�3�3�.� 
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�C�l�e�r�b�a�u�x�,� �T�.� �H�.�,� �D�.� �S�e�r�t�e�y�n�,� �E�.� �W�i�l�l�e�m�s�,� �a�n�d� �L�.� �B�r�a�s�s�e�u�r�.� 
�1�9�8�6�.� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �o�x�y�g�e�n�-�h�e�m�o�g�l�o�b�i�n� �d�i�s�s�o�c�i�a�t�i�o�n� 
�c�u�r�v�e� �o�f� �t�h�e� �h�o�r�s�e�,� �a�n�d� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�e�m�p�e�r�a�t�u�r�e�,� �p�H�,� 
�a�n�d� �d�i�p�h�o�s�p�h�o�g�l�y�c�e�r�a�t�e�.� �C�a�n� �J�.� �V�e�t�.� �R�e�s�.� �5�0�:�1�8�8�.� 

�C�o�n�l�a�y�,� �L�.� �A�.�,� �L�.� �A�.� �S�a�b�o�u�n�j�i�a�n�,� �a�n�d� �R�.� �J�.� �W�u�r�t�m�a�n�.� �1�9�9�2�.� 
�E�x�e�r�c�i�s�e� �a�n�d� �n�e�u�r�o�m�o�d�u�l�a�t�o�r�s�:� �c�h�o�l�i�n�e� �a�n�d� �a�c�e�t�y�l�c�h�o�l�i�n�e� �i�n� 
�m�a�r�a�t�h�o�n� �r�u�n�n�e�r�s�.� �I�n�t�.� �J�.� �S�p�o�r�t�s� �M�e�d�.� �1�3� �(�S�u�p�p�l�.� �1�1�)�:�S�1�4�1�.� 

�C�o�n�s�t�a�n�t�i�n�o�p�o�l�,� �M�.�,� �J�.� �H�.� �J�o�n�e�s�,� �E�.� �R�.� �W�e�i�b�e�l�,� �C�.� �R�.� �T�a�y�l�o�r�,� 
�A�.� �L�i�n�d�h�o�l�m�,� �a�n�d� �R�.� �H�.� �K�a�r�a�s�.� �1�9�8�9�.� �O�x�y�g�e�n� �t�r�a�n�s�p�o�r�t� 
�d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �l�a�r�g�e� �m�a�m�m�a�l�s� �I�I�.� �O�x�y�g�e�n� �u�p�t�a�k�e� �b�y� �t�h�e� 
�p�u�l�m�o�n�a�r�y� �g�a�s� �e�x�c�h�a�n�g�e�r�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�7�:�8�7�1�.� 

�C�o�s�t�i�l�l�,� �D�.� �L�.�,� �E�.� �C�o�y�l�e�,� �G�.� �D�a�l�s�k�y�,� �W�.� �E�v�a�n�s�,� �W�.� �F�i�n�k�,� �a�n�d� �D�.� 
�H�o�o�p�e�s�.� �1�9�7�7�.� �E�f�f�e�c�t�s� �o�f� �e�l�e�v�a�t�e�d� �p�l�a�s�m�a� �F�F�A� �a�n�d� �i�n�s�u�l�i�n� 
�e�n� �m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �u�s�a�g�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� �J�.� �A�p�p�l�.� 
�P�h�y�s�i�o�l�.� �4�3�:�6�9�5�.� 

�C�o�s�t�i�l�l�,� �D�.� �L�.� �1�9�8�5�.� �C�a�r�b�o�h�y�d�r�a�t�e� �n�u�t�r�i�t�i�o�n� �b�e�f�o�r�e�,� �d�u�r�i�n�g�,� 
�a�n�d� �a�f�t�e�r� �e�x�e�r�c�i�s�e�.� �F�e�d�.� �P�r�o�c�.� �4�4�:�3�6�4�.� 

�d�e� �M�o�r�a�i�s�,� �H�.� �S�.� �1�9�9�2�.� �D�i�s�o�r�d�e�r�s� �o�f� �p�C�O�,�,� �[�S�I�D�]�,� �a�n�d� �[�A�,�,�,�]�-� 
�P�r�o�c�.� �1�0� �A�C�V�I�M� �F�o�r�u�m�,� �p�p�.� �1�6�5�-�1�6�7�.� �S�a�n� �D�i�e�g�o�,� �C�A�.� 

�D�o�u�e�n�,� �A�.� �G�.�,� �T�.� �R�a�m�l�a�l�,� �A�.� �K�l�i�p�,� �D�.� �A�.� �Y�o�u�n�g�,� �G�.� �D�.� �C�a�r�t�e�e�,� 
�a�n�d� �J�.� �0�.� �H�o�l�l�o�s�z�y�.� �1�9�8�9�.� �E�x�e�r�c�i�s�e� �i�n�d�u�c�e�d� �i�n�c�r�e�a�s�e� �i�n� 
�g�l�u�c�o�s�e� �t�r�a�n�s�p�o�r�t�e�r� �i�n� �p�l�a�s�m�a� �m�e�m�b�r�a�n�e�s� �o�f� �r�a�t� �s�k�e�l�e�t�a�l� 
�m�u�s�c�l�e�.� �E�n�d�o�c�r�i�n�o�l�o�g�y� �1�2�4�:�4�4�9�.� 

�D�r�u�m�m�o�n�d�,� �G�.� �I�.�,� �J�.� �P�.� �H�a�r�w�o�o�d�,� �a�n�d� �C�.� �A� �P�o�w�e�l�l�.� �1�9�6�9�.� 
�S�t�u�d�i�e�s� �o�n� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �o�f� �p�h�o�s�p�h�o�r�y�l�a�s�e� �i�n� �s�k�e�l�e�t�a�l� 
�m�u�s�c�l�e� �b�y� �c�o�n�t�r�a�c�t�i�o�n� �a�n�d� �b�y� �e�p�i�n�e�p�h�r�i�n�e�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� 
�2�4�4�:�4�2�3�5�.� 

�E�c�k�e�r�,� �G�.�,� �a�n�d� �M�.� �I�.� �L�i�n�d�i�n�g�e�r�.� �1�9�9�4�.� �E�f�f�e�c�t�s� �o�f� �t�e�r�r�a�i�n�,� 
�s�p�e�e�d�,� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �d�i�s�t�a�n�c�e� �o�n� �w�a�t�e�r� �a�n�d� �i�o�n� �l�o�s�s�e�s�.� 
�E�q�u�i�n�e� �V�e�t�.� �J�.� �(�i�n� �p�r�e�s�s�)�.� 

�E�d�s�a�l�l�,� �J�.� �T�.�,� �a�n�d� �J�.� �W�y�m�a�n�.� �1�9�5�8�.� �C�a�r�b�o�n� �d�i�o�x�i�d�e� �a�n�d� 
�c�a�r�b�o�n�i�c� �a�c�i�d�.� �I�n�:� �B�i�o�p�h�y�s�i�c�a�l� �C�h�e�m�i�s�t�r�y�,� �V�o�l�.� �1�.� �p�p�.� �5�5�0�-� 
�5�9�0�.� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �I�n�c�.� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�E�d�w�a�r�d�s�,� �R�.� �H�.� �T�.� �1�9�8�3�.� �B�i�o�c�h�e�m�i�c�a�l� �b�a�s�e�s� �o�f� �f�a�t�i�g�u�e� �i�n� 
�e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e�:� �c�a�t�a�s�t�r�o�p�h�e� �t�h�e�o�r�y� �o�f� �m�u�s�c�u�l�a�r� 
�f�a�t�i�g�u�e�.� �I�n�:� �H�.� �G�.� �K�n�u�t�t�g�e�n� �(�E�d�.�)� �B�i�o�c�h�e�m�i�s�t�r�y� �o�f� 
�E�x�e�r�c�i�s�e�,� �p�p�.� �3�-�2�8�.� �H�u�m�a�n� �K�i�n�e�t�i�c�s� �P�u�b�.�,� �C�h�a�m�p�a�i�g�n�,� �I�L�.� 

�E�i�c�k�e�r�,� �S�.� �W�.� �1�9�9�0�.� �A�n� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �s�t�r�o�n�g� �i�o�n� 
�d�i�f�f�e�r�e�n�c�e�.� �V�e�t�.� �C�l�i�n�.� �N�.� �A�m�e�r�.� �F�o�o�d� �A�n�i�m�a�l� �P�r�a�c�t�i�c�e� �6�:�4�5�.� 
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�E�s�s�e�n�-�G�u�s�t�a�v�s�s�o�n�,� �B�.�,� �D�.� �M�c�M�i�k�e�n�,� �K�.� �K�a�r�l�s�t�r�o�m�,� �A�.� �L�i�n�d�h�o�l�m�,� 
�S�.� �P�e�r�s�s�o�n�,� �a�n�d� �J�.� �T�h�o�r�n�t�o�n�.� �1�9�8�9�.� �M�u�s�c�u�l�a�r� �a�d�a�p�t�a�t�i�o�n� �o�f� 
�h�o�r�s�e�s� �d�u�r�i�n�g� �i�n�t�e�n�s�i�v�e� �t�r�a�i�n�i�n�g� �a�n�d� �d�e�t�r�a�i�n�i�n�g�.� �E�q�u�i�n�e� 
�V�e�t�.� �J�.� �2�1�:�2�7�.� 

�E�s�s�e�n�-�G�u�s�t�a�v�s�s�o�n�,� �B�.�,� �E�.� �B�l�o�m�s�t�r�a�n�d�,� �K�.� �K�a�r�l�s�t�r�o�m�,� �A�.� 
�L�i�n�d�h�o�l�m�,� �a�n�d� �S�.� �G�.� �B�.� �P�e�r�s�s�o�n�.� �1�9�9�1�.� �I�n�f�l�u�e�n�c�e� �o�f� �d�i�e�t� 
�o�n� �s�u�b�s�t�r�a�t�e� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� �I�n�:� �S�.� �G�.� �B�.� 
�P�e�r�s�s�o�n�,� �A�.� �L�i�n�d�h�o�l�m�,� �a�n�d� �L�.� �B�.� �J�e�f�f�c�o�t�t� �(�E�d�.�)�.� �E�q�u�i�n�e� 
�E�x�e�r�c�i�s�e� �P�h�y�s�i�o�l�o�g�y� �3�.� �p�p�.� �2�8�8�-�2�9�8�.� �I�C�E�E�P� �P�u�b�.�,� �D�a�v�i�s�,� �C�A�.� 

�E�v�a�n�s�,� �D�.� �L�.�,� �E�.� �B�.� �S�i�l�v�e�r�m�a�n�,� �D�.� �R�.� �H�o�d�g�s�o�n�,� �M�.� �D�.� �E�a�t�o�n�,� �a�n�d� 
�R�.� �J�.� �R�o�s�e�.� �1�9�9�4�.� �G�a�i�t� �a�n�d� �r�e�s�p�i�r�a�t�i�o�n� �i�n� �S�t�a�n�d�a�r�d�b�r�e�d� 
�h�o�r�s�e�s� �w�h�e�n� �p�a�c�i�n�g� �a�n�d� �g�a�l�l�o�p�i�n�g�.� �R�e�s�.� �V�e�t�.� �S�c�i�.� �5�7�:�2�3�3�.� 

�F�e�d�d�e�,� �M�.� �R�.� �1�9�9�1�.� �B�l�o�o�d� �g�a�s� �a�n�a�l�y�s�e�s� �o�n� �e�q�u�i�n�e� �b�l�o�o�d�:� 
�r�e�q�u�i�r�e�d� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r�s�.� �E�q�u�i�n�e� �V�e�t�.� �J�.� �2�3�(�6�)�:�4�1�0�.� 

�F�e�r�r�a�n�n�i�n�i�,� �E�.� �1�9�8�8�.� �T�h�e� �t�h�e�o�r�e�t�i�c�a�l� �b�a�s�e�s� �o�f� �i�n�d�i�r�e�c�t� 
�c�a�l�o�r�i�m�e�t�r�y�:� �a� �r�e�v�i�e�w�.� �M�e�t�a�b�.� �3�7�(�3�)�:�2�8�7�.� 

�F�e�r�r�a�n�t�e�,� �P�.� �L�.�,� �a�n�d� �D�.� �S�.� �K�r�o�n�f�e�l�d�.� �1�9�9�4�.� �C�o�m�p�a�r�i�s�o�n� �o�f� 
�c�o�n�v�e�n�t�i�o�n�a�l� �a�c�i�d�-�b�a�s�e� �a�n�d� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e� �i�n� 
�a�n�a�l�y�s�i�s� �o�f� �H�*� �c�h�a�n�g�e�s�.� �P�r�o�c�.� �1�2�°� �A�C�V�I�M� �F�o�r�u�m�,� �p�p�.� �5�8�2�,� 
�S�a�n� �F�r�a�n�c�i�s�c�o�,� �C�A�.� 

�F�i�g�g�e�,� �J�.�,� �T�.� �H�.� �R�o�s�s�i�n�g�,� �a�n�d� �V�.� �F�e�n�c�l�.� �1�9�9�1�.� �T�h�e� �r�o�l�e� �o�f� 
�s�e�r�u�m� �p�r�o�t�e�i�n�s� �i�n� �a�c�i�d�-�b�a�s�e� �e�q�u�i�l�i�b�r�i�a�.� �J�.� �L�a�b�.� �C�l�i�n�.� �M�e�d�.� 
�1�1�7�:�4�5�3�.� 

�F�i�t�t�s�,� �R�.� �H�.� �1�9�9�2�.� �S�u�b�s�t�r�a�t�e� �s�u�p�p�l�y� �a�n�d� �e�n�e�r�g�y� �m�e�t�a�b�o�l�i�s�m� 
�d�u�r�i�n�g� �b�r�i�e�f� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �e�x�e�r�c�i�s�e�:� �i�m�p�o�r�t�a�n�c�e� �i�n� 
�l�i�m�i�t�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n�:� �D�.� �R�.� �L�a�m�b�,� �a�n�d� �C�.� �V�.� �G�i�s�o�l�f�i� 
�(�E�d�.�)�.� �P�e�r�s�p�e�c�t�i�v�e�s� �i�n� �E�x�e�r�c�i�s�e� �S�c�i�e�n�c�e� �a�n�d� �S�p�o�r�t�s� 
�M�e�d�i�c�i�n�e�:� �V�o�l�u�m�e� �5�:� �E�n�e�r�g�y� �M�e�t�a�b�o�l�i�s�m� �i�n� �E�x�e�r�c�i�s�e� �a�n�d� 
�S�p�o�r�t�,� �p�p�.� �5�3�-�1�0�6�.� �B�r�o�w�n� �a�n�d� �B�e�n�c�h�m�a�r�k�,� �I�n�c�.�,� �C�a�r�m�e�l�.� �I�N�.� 

�F�o�r�s�t�e�r�,� �H�.� �V�.�,� �a�n�d� �L�.� �G�.� �P�a�n�.� �1�9�9�4�.� �T�h�e� �r�o�l�e� �o�f� �t�h�e� �c�a�r�o�t�i�d� 
�c�h�e�m�o�r�e�c�e�p�t�o�r�s� �i�n� �t�h�e� �c�o�n�t�r�o�l� �o�f� �b�r�e�a�t�h�i�n�g� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� 
�M�e�d�.� �S�c�i�.� �S�p�o�r�t�s� �a�n�d� �E�x�e�r�c�i�s�e� �2�6�:�3�2�8�.� 

�F�o�s�t�e�r�,� �D�.� �W�.� �1�9�8�4�.� �F�r�o�m� �g�l�y�c�o�g�e�n� �t�o� �k�e�t�o�n�e�s�-�a�n�d� �b�a�c�k�.� 
�D�i�a�b�e�t�e�s� �3�3�:�1�1�8�8�.� 

�F�r�a�p�e�,� �D�.� �1�9�9�4�.� �D�i�e�t� �a�n�d� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �t�h�e� �h�o�r�s�e�.� 
�P�r�o�c�.� �N�u�t�r�.� �S�o�c�.� �5�3�:�1�8�9�.� 

�G�e�i�s�e�r�,� �D�.� �R�.�,� �F�.� �A�n�d�r�e�w�s�,� �C�.� �S�o�m�m�e�r�d�a�h�l�,� �S�.� �W�h�i�t�e�,� �P�.� 
�M�a�y�k�u�t�h�,� �a�n�d� �M�.� �S�.� �Y�o�u�n�g�e�r�.� �1�9�9�4�.� �E�l�e�c�t�r�o�l�y�t�e� �a�n�d� �a�c�i�d�-� 
�b�a�s�e� �c�h�a�n�g�e�s� �i�n� �c�o�m�b�i�n�e�d� �t�r�a�i�n�i�n�g� �h�o�r�s�e�s� �a�f�t�e�r� �t�h�e� �c�r�o�s�s�-� 
�c�o�u�n�t�r�y� �e�v�e�n�t�.� �E�q�u�i�n�e� �P�r�a�c�t�i�c�e� �1�6�:�2�0�.� 
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�G�r�u�m�m�e�r�,� �R�.� �R�.�,� �L�.� �E�.� �A�r�m�e�n�t�a�n�o�,� �a�n�d� �M�.� �S�.� �M�a�r�c�u�s�.� �1�9�8�7�.� 
�L�a�c�t�a�t�i�o�n� �r�e�s�p�o�n�s�e� �t�o� �s�h�o�r�t� �t�e�r�m� �a�b�o�m�a�s�a�l� �i�n�f�u�s�i�o�n� �o�f� 
�c�h�o�l�i�n�e�,� �i�n�o�s�i�t�o�l�,� �a�n�d� �s�o�y� �l�e�c�i�t�h�i�n�.� �J�.� �D�a�i�r�y� �S�c�i�.� 
�7�0�:�2�5�1�8�.� 

�H�a�g�e�n�f�e�l�d�t�,� �L�.� �1�9�7�5�.� �T�u�r�n�o�v�e�r� �o�f� �i�n�d�i�v�i�d�u�a�l� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s� 
�i�n� �m�a�n�.� �F�e�d�.� �P�r�o�c�.� �3�4�:�2�2�3�6�.� 

�H�a�m�b�l�e�t�o�n�,� �P�.� �L�.�,� �L�.� �M�.� �S�l�a�d�e�,� �D�.� �W�.� �H�a�m�a�r�,� �E�.� �W�.� �K�e�i�n�h�o�l�z�,� 
�a�n�d� �L�.� �D�.� �L�e�w�i�s�.� �1�9�8�0�.� �D�i�e�t�a�r�y� �f�a�t� �a�n�d� �e�x�e�r�c�i�s�i�n�g� 
�c�o�n�d�i�t�i�o�n�i�n�g� �e�f�f�e�c�t� �o�n� �m�e�t�a�b�o�l�i�c� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�e� �h�o�r�s�e�.� 
�J�.� �A�n�i�m�.� �S�c�i�.� �5�1�:�1�3�3�0�.� 

�H�a�r�d�y�,� �J�.� �D�.� �1�9�6�1�.� �T�h�e� �p�h�y�s�i�o�l�o�g�y� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �r�e�g�u�l�a�t�i�o�n�.� 
�P�h�y�s�i�o�l�.� �R�e�v�.� �4�1�:�5�2�1�.� 

�H�a�r�g�r�e�a�v�e�s�,� �M�.�,� �B�.� �K�i�e�n�s�,� �a�n�d� �E�.� �A�.� �R�i�c�h�t�e�r�.� �1�9�9�1�.� �E�f�f�e�c�t� �o�f� 
�i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �f�r�e�e� �f�a�t�t�y� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�n� �m�u�s�c�l�e� 
�m�e�t�a�b�o�l�i�s�m� �i�n� �e�x�e�r�c�i�s�i�n�g� �m�e�n�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �7�0�(�1�)�:�1�9�4�.� 

�H�a�r�r�i�n�g�t�o�n�,� �J�.� �T�.�,� �J�.� �J�.� �C�o�h�e�n�,� �a�n�d� �J�.� �P�.� �K�a�s�s�i�r�e�r�.� �1�9�8�2�.� 
�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �c�l�i�n�i�c�a�l� �a�c�i�d�-�b�a�s�e� �d�i�s�t�u�r�b�a�n�c�e�s�.� �I�n�:� 
�J�.� �J�d�.� �C�o�h�e�n� �a�n�d� �J�.� �P�.� �K�a�s�s�i�r�e�r� �(�E�d�s�.�)�.� �A�c�i�d�-�B�a�s�e�.� �L�i�t�t�l�e�,� 
�B�r�o�w�n�,� �a�n�d� �C�o�.�,� �p�p�.� �1�1�3�-�1�2�0�.� �B�o�s�t�o�n�,� �M�A�.� 

�H�a�r�r�i�s�,� �R�.� �C�.�,� �E�.� �H�u�l�t�m�a�n�,� �a�n�d� �L�.� �O�.� �N�o�r�d�e�s�j�o�.� �1�9�7�4�.� 
�G�l�y�c�o�g�e�n�,� �g�l�y�c�o�l�y�t�i�c� �i�n�t�e�r�m�e�d�i�a�t�e�s� �a�n�d� �h�i�g�h� �e�n�e�r�g�y� 
�p�h�o�s�p�h�a�t�e�s� �i�n� �b�i�o�p�s�y� �s�a�m�p�l�e�s� �o�f� �m�u�s�c�u�l�u�s� �q�u�a�d�r�i�c�e�p�s� �f�e�m�o�r�i�s� 
�i�n� �m�a�n� �a�t� �r�e�s�t�.� �J�.� �C�l�i�n�.� �L�a�b�.� �I�n�v�e�s�t�.� �3�3�:�1�0�9�.� 

�H�a�r�r�i�s�,� �R�.� �C�.�,� �D�.� �J�.� �M�a�r�l�i�n�,� �M�.� �D�u�n�n�e�t�t�,� �D�.� �H�.� �S�n�o�w�,� �a�n�d� �E�.� 
�H�u�l�t�m�a�n�.� �1�9�9�0�.� �M�u�s�c�l�e� �b�u�f�f�e�r�i�n�g� �c�a�p�a�c�i�t�y� �a�n�d� �d�i�p�e�p�t�i�d�e� 
�c�o�n�t�e�n�t� �i�n� �t�h�e� �t�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�,� �G�r�e�y�h�o�u�n�d� �d�o�g�,� �a�n�d� �m�a�n�.� 
�C�o�m�p�.� �B�i�o�c�h�e�m�.� �P�h�y�s�i�o�l�.� �9�7�A�(�2�)�:�2�4�9�.� 

�H�e�i�g�e�n�h�a�u�s�e�r�,� �G�.� �J�.� �F�.�,� �N�.� �L�.� �J�o�n�e�s�,� �J�.� �M�.� �K�o�w�a�l�c�h�u�k�,� �a�n�d� �M�.� 
�I�.� �L�i�n�d�i�n�g�e�r�.� �1�9�9�0�.� �T�h�e� �r�o�l�e� �o�f� �t�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 
�s�y�s�t�e�m�s� �i�n� �p�l�a�s�m�a� �i�n� �a�c�i�s�-�b�a�s�e� �c�o�n�t�r�o�l� �i�n� �e�x�e�r�c�i�s�e�.� �I�n�:� �A�.� 
�W�.� �T�a�y�l�o�r�,� �P�.� �D�.� �G�o�l�l�n�i�c�k�,� �H�.� �J�.� �G�r�e�e�n�,� �C�.� �D�.� �I�a�n�u�z�z�o�,� �E�.� 
�G�.� �N�o�b�l�e�,� �G�.� �M�e�t�e�v�i�e�r�,� �a�n�d� �J�.� �R�.� �S�u�t�t�o�n� �(�E�d�s�.�)�.� 
�B�i�o�c�h�e�m�i�s�t�r�y� �o�f� �E�x�e�r�c�i�s�e� �V�I�I�:� �I�n�t�e�r�n�a�t�i�o�n�a�l� �S�e�r�i�e�s� �o�n� �S�p�o�r�t� 
�S�c�i�e�n�c�e�s�,� �V�o�l�.� �2�1�:�3�7�5�.� �H�u�m�a�n� �K�i�n�e�t�i�c�s� �P�u�b�.�,� �C�h�a�m�p�a�i�g�n�,� �I�L�.� 

�H�i�c�k�s�o�n�,� �R�.� �C�.�,� �M�.� �J�.� �R�e�n�n�i�e�,� �R�.� �K�.� �C�o�n�l�e�e�,� �W�.� �W�.� �W�i�n�d�n�e�r�,� �a�n�d� 
�J�.� �O�.� �H�o�l�l�o�s�z�y�.� �1�9�7�7�.� �E�f�f�e�c�t�s� �o�f� �i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �f�r�e�e� 
�f�a�t�t�y� �a�c�i�d�s� �o�n� �g�l�y�c�o�g�e�n� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �e�n�d�u�r�a�n�c�e�.� �J�.� 
�A�p�p�l�.� �P�h�y�s�i�o�l�.� �4�3�:�8�2�9�.� 

�H�i�n�t�z�,� �H�.� �F�.�,� �M�.� �W�.� �R�o�s�s�,� �F�.� �R�.� �L�e�s�s�e�r�,� �P�.� �F�.� �L�e�i�d�s�,� �K�.� �K�.� 
�W�h�i�t�e�,� �J�.� �E�.� �L�o�w�e�,� �C�.� �E�.� �S�h�o�r�t�,� �a�n�d� �H�.� �F�.� �S�h�r�y�v�e�r�.� �1�9�7�8�.� 
�T�h�e� �v�a�l�u�e� �o�f� �d�i�e�t�a�r�y� �f�a�t� �f�o�r� �w�o�r�k�i�n�g� �h�o�r�s�e�s� �I�.� �B�i�o�c�h�e�m�i�c�a�l� 
�a�n�d� �h�e�m�a�t�o�l�o�g�i�c�a�l� �e�v�a�l�u�a�t�i�o�n�s�.� �J�.� �E�q�u�i�n�e� �M�e�d�.� �&� �S�u�r�g�.� �1�1�:�4�8�3�.� 
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�H�i�r�s�c�h�,� �M�.� �J�.�,� �J�.� �H�.� �G�r�o�w�d�o�n�,� �a�n�d� �R�.� �J�.� �W�u�r�t�m�a�n�.� �1�9�7�8�.� 
�R�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �d�i�e�t�a�r�y� �c�h�o�l�i�n�e� �o�r� �l�e�c�i�t�h�i�n� �i�n�t�a�k�e�,� �s�e�w�u�m� 
�c�h�o�l�i�n�e� �l�e�v�e�l�s�,� �a�n�d� �v�a�r�i�o�u�s� �m�e�t�a�b�o�l�i�c� �i�n�d�i�c�e�s�.� �M�e�t�a�b�.� 
�2�7�:�9�5�3�.� 

�H�o�d�g�s�o�n�,� �D�.� �R�.�,� �R�.� �J�.� �R�o�s�e�,� �T�.� �B�.� �K�e�l�s�o�,� �L�.� �J�.� �M�c�C�u�t�c�h�e�o�n�,� �W�.� 
�M�.� �B�a�y�l�y�,� �a�n�d� �P�.� �D�.� �G�o�l�l�n�i�c�k�.� �1�9�9�0�.� �R�e�s�p�i�r�a�t�o�r�y� �a�n�d� 
�m�e�t�a�b�o�l�i�c� �r�e�s�p�o�n�s�e�s� �i�n� �t�h�e� �h�o�r�s�e� �d�u�r�i�n�g� �m�o�d�e�r�a�t�e� �a�n�d� �h�e�a�v�y� 
�e�x�e�r�c�i�s�e�.� �P�f�l�u�g�e�r�s� �A�r�c�h�.� �4�1�7�:�7�3�.� 

�H�o�d�g�s�o�n�,� �D�.� �R�.�,� �T�.� �B�.� �K�e�l�s�o�,� �W�.� �M�.� �B�a�y�l�y�,� �a�n�d� �P�.� �D�.� �G�o�l�l�n�i�c�k�.� 
�1�9�8�7�.� �R�e�s�p�o�n�s�e�s� �t�o� �r�e�p�e�a�t�e�d� �h�i�g�h� �i�n�t�e�n�s�i�t�y� �e�x�e�r�c�i�s�e�:� 
�i�n�f�l�u�e�n�c�e� �o�n� �m�u�s�c�l�e� �m�e�t�a�b�o�l�i�s�m�.� �I�n�:� �J�.� �R�.� �G�i�l�l�e�s�p�i�e�,� �a�n�d� 
�N�.� �E�.� �R�o�b�i�n�s�o�n� �(�E�d�.�)�.� �E�q�u�i�n�e� �E�x�e�r�c�i�s�e� �P�h�y�s�i�o�l�o�g�y� �2�.� �p�p�.� 
�3�0�2�-�3�1�1�.� �I�C�E�E�P� �P�u�b�.�,� �D�a�v�i�s�,� �C�A�.� 

�H�o�d�g�s�o�n�,� �D�.� �R�.�,� �L�.� �J�.� �M�c�C�u�t�c�h�e�o�n�,� �S�.� �K�.� �B�y�r�d�,� �W�.� �S�.� �B�r�o�w�n�,� �W�.� 
�M�.� �B�a�y�l�y�,� �G�.� �L�.� �B�r�e�n�g�e�l�m�a�n�n�,� �a�n�d� �P�.� �D�.� �G�o�l�l�n�i�c�k�.� �1�9�9�3�.� 
�D�i�s�s�i�p�a�t�i�o�n� �o�f� �m�e�t�a�b�o�l�i�c� �h�e�a�t� �i�n� �t�h�e� �h�o�r�s�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� 
�J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �7�4�:�1�1�6�1�.� 

�H�o�l�l�o�s�z�y�,� �J�.� �O�.�,� �G�.� �P�.� �D�a�l�s�k�y�,� �P�.� �M�.� �N�e�m�e�t�h�,� �B�.� �F�.� �H�u�r�l�e�y�,� �W�.� 
�H�.� �M�a�r�t�i�n�,� �a�n�d� �J�.� �M�.� �H�a�g�b�e�r�g�.� �1�9�8�6�.� �U�t�i�l�i�z�a�t�i�o�n� �o�f� �f�a�t� �a�s� 
�s�u�b�s�t�r�a�t�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�:� �e�f�f�e�c�t� �o�f� �t�r�a�i�n�i�n�g�.� �I�n�:� �B�.� 
�S�a�h�l�i�n� �(�E�d�.�)�.� �B�i�o�c�h�e�m�i�s�t�r�y� �o�f� �E�x�e�r�c�i�s�e� �V�I�,� �V�o�l�.� �1�6�.� �p�p�.� 
�1�8�3�-�1�9�0�,� �H�u�m�a�n� �K�i�n�e�t�i�c�s� �P�u�b�.�,� �C�h�a�m�p�a�i�g�n�,� �I�L�.� 

�H�u�r�l�e�y�,� �B�.� �F�.�,� �P�.� �M�.� �N�e�m�e�t�h�,� �W�.� �H�.� �M�a�r�t�i�n�,� �J�.� �M�.� �H�a�g�b�e�r�g�,� �G�.� 
�P�.� �D�a�l�s�k�y�,� �a�n�d� �J�.� �0�.� �H�o�l�l�o�s�z�y�.� �1�9�8�6�.� �M�u�s�c�l�e� �t�r�i�g�l�y�c�e�r�i�d�e� 
�u�t�i�l�i�z�a�t�i�o�n� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�:� �e�f�f�e�c�t� �o�f� �t�r�a�i�n�i�n�g�.� �J�.� �A�p�p�l�.� 
�P�h�y�s�i�o�l�.� �6�0�:�5�6�2�.� 

�I�s�h�i�d�a�,� �T�.�,� �K�.� �K�o�b�a�,� �M�.� �S�u�g�a�n�o�,� �K�.� �I�m�a�i�z�u�m�i�,� �S�.� �W�a�t�a�n�a�b�e�,� �a�n�d� 
�R�.� �M�i�n�o�s�h�i�m�a�.� �1�9�8�8�.� �C�h�o�l�e�s�t�e�r�o�l� �l�e�v�e�l�s� �a�n�d� �e�i�c�o�s�a�n�o�i�d� 
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�T�h�o�r�n�t�o�n�.� �1�9�8�7�.� �T�h�e� �e�f�f�e�c�t� �o�f� �d�i�e�t�r�a�y� �e�n�e�r�g�y� �s�o�u�r�c�e� �o�n� 
�e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �S�t�a�n�d�a�r�d�b�r�e�d� �h�o�r�s�e�s�.� �I�n�:� �J�.� �R�.� 
�G�i�l�l�e�s�p�i�e�,� �a�n�d� �N�.� �E�.� �R�o�b�i�n�s�o�n� �(�E�d�.�)�.� �E�q�u�i�n�e� �E�x�e�r�c�i�s�e� 
�P�h�y�s�i�o�l�o�g�y� �2�.� �p�p�.� �6�8�6�-�7�0�0�.� �I�C�E�E�P� �P�u�b�.�,� �D�a�v�i�s�,� �C�A�.� 

�P�a�n�,� �L�.� �G�.�,� �H�.� �V�.� �F�o�r�s�t�e�r�,� �a�n�d� �R�.� �P�.� �K�a�m�i�n�s�k�i�.� �1�9�8�6�.� 
�A�r�t�e�r�i�a�l� �v�s�.� �r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �p�o�n�i�e�s�:� �r�e�s�t�,� �e�x�e�r�c�i�s�e�,� 
�C�O�2� �i�n�h�a�l�a�t�i�o�n�,� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�e�s�s�e�s�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� 
�6�1�:�1�5�7�7�.� 

�P�i�e�s�c�h�l�,� �R�.� �L�.�,� �P�.� �W�.� �T�o�l�l�,� �D�.� �E�.� �L�e�i�t�h�,� �J�.� �P�e�t�e�r�s�o�n�,� �a�n�d� �M�.� 
�R�.� �F�e�d�d�e�.� �1�9�9�2�.� �A�c�i�d�-�b�a�s�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �r�u�n�n�i�n�g� 
�g�r�e�y�h�o�u�n�d�:� �c�o�n�t�r�i�b�u�t�i�n�g� �v�a�r�i�a�b�l�e�s�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� 
�7�3�3�2�2�9�7�.� 

�P�o�l�i�n�,� �D�.� �1�9�8�0�.� �I�n�c�r�e�a�s�e�d� �a�b�s�o�r�p�t�i�o�n� �o�f� �t�a�l�l�o�w� �w�i�t�h� �l�e�c�i�t�h�i�n�.� 
�P�o�u�l�t�r�y� �S�c�i�.� �5�9�:�1�6�5�2�.� 
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�P�o�t�t�e�r�,� �G�.� �D�.�,� �S�.� �L�.� �H�u�g�h�e�s�,� �T�.� �R�.� �J�u�l�e�n�,� �a�n�d� �D�.� �L�.� �S�w�i�n�n�e�y�.� 
�1�9�9�2�.� �A� �r�e�v�i�e�w� �o�f� �r�e�s�e�a�r�c�h� �o�n� �d�i�g�e�s�t�i�o�n� �a�n�d� �u�t�i�l�i�z�a�t�i�o�n� �o�f� 
�f�a�t� �b�y� �t�h�e� �e�q�u�i�n�e�.� �P�f�e�r�d�e�h�e�i�l�k�u�n�d�e� �1�:�1�1�9�.� 

�R�e�e�v�e�s�,� �R�.� �B�.� �1�9�7�2�.� �A�n� �i�m�i�d�a�z�o�l�e� �a�l�p�h�a�s�t�a�t� �h�y�p�o�t�h�e�s�i�s� �f�o�r� 
�v�e�r�t�e�b�r�a�t�e� �a�c�i�d�-�b�a�s�e� �r�e�g�u�l�a�t�i�o�n�:� �t�i�s�s�u�e� �c�a�r�b�o�n� �d�i�o�x�i�d�e� 
�c�o�n�t�e�n�t� �a�n�d� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �b�u�l�l�f�r�o�g�s�.� �R�e�s�p�i�r�.� 
�P�h�y�s�i�o�l�.� �1�4�:�2�1�9�.� 

�R�e�e�v�e�s�,� �R�.� �B�.� �1�9�8�3�.� �C�o�m�m�e�n�t�a�r�y�:� �o�n� �t�h�e� �r�e�v�i�e�w� �a�r�t�i�c�l�e� �b�y� �D�r�.� 
�P�e�t�e�r� �S�t�e�w�a�r�t�.� �C�a�n�.� �J�.� �P�h�y�s�i�o�l�.� �P�h�a�r�m�a�c�o�l�.� �6�1�:�1�4�4�2�.� 

�R�e�e�v�e�s�,� �R�.� �B�.� �1�9�8�5�.� �W�h�a�t� �a�r�e� �n�o�r�m�a�l� �a�c�i�d�-�b�a�s�e� �c�o�n�d�i�t�i�o�n�s� �i�n� 
�m�a�n� �w�h�e�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s� �?�.� �I�n�:� �H�.� �R�a�h�n�,� �a�n�d� �O�.� 
�P�r�a�k�a�s�h� �(�E�d�s�.�)� �A�c�i�d� �B�a�s�e� �R�e�g�u�l�a�t�i�o�n� �a�n�d� �B�o�d�y� �T�e�m�p�e�r�a�t�u�r�e�.� 
�p�p�.� �1�4�-�2�0�.� �M�a�r�t�i�n�u�s� �N�i�j�h�o�f�f� �P�u�b�.�,� �B�o�s�t�o�n�,� �M�A�.� 

�R�e�n�n�i�e�,� �M�.� �J�.�,� �W�.� �W�.� �W�i�n�d�e�r�,� �a�n�d� �J�.� �0�.� �H�o�l�l�o�s�z�y�.� �1�9�7�6�.� �A� 
�s�p�a�r�i�n�g� �e�f�f�e�c�t� �o�f� �i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s� �o�n� 
�m�u�s�c�l�e� �a�n�d� �l�i�v�e�r� �g�l�y�c�o�g�e�n� �c�o�n�t�e�n�t� �i�n� �t�h�e� �e�x�e�r�c�i�s�i�n�g� �r�a�t�.� 
�B�i�o�c�h�e�m�.� �J�.� �1�5�6�:�6�4�7�.� 

�R�o�b�e�r�t�s�,� �M�.� �F�.�,� �a�n�d� �E�.� �A�.� �D�e�n�n�i�s�.� �1�9�8�9�.� �T�h�e� �r�o�l�e� �o�f� 
�p�h�o�s�p�h�o�l�i�p�a�s�e�s� �i�n� �p�h�o�s�p�h�a�t�i�d�y�l�c�h�o�l�i�n�e� �c�a�t�a�b�o�l�i�s�m�.� �I�n�:� �D�.� 
�E�.� �V�a�n�c�e� �(�E�d�.�)� �P�h�o�s�p�h�a�t�i�d�y�l�c�h�o�l�i�n�e� �m�e�t�a�b�o�l�i�s�m�.� �C�R�C� �P�r�e�s�s�,� 
�B�o�c�a� �R�a�t�o�n�,� �F�L�.� 

�R�o�s�e�,� �R�.� �J�.�,� �D�.� �R�.� �H�o�d�g�s�o�n�,� �T�.� �B�.� �K�e�l�s�o�,� �L�.� �J�.� �M�c�C�u�t�c�h�e�o�n�,� �T�.� 
�R�e�i�d�,� �W�.� �M�.� �B�a�y�l�y�,� �a�n�d� �P�.� �D�.� �G�o�l�l�n�i�c�k�.� �1�9�8�8�.� �M�a�x�i�m�u�m� �O�,� 
�u�p�t�a�k�e�,� �O�,� �d�e�b�t� �a�n�d� �d�e�f�e�c�i�t�,� �a�n�d� �m�u�s�c�l�e� �m�e�t�a�b�o�l�i�t�e�s� �i�n� 
�T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�4�(�2�)�:�7�8�1�.� 

�S�a�h�l�i�n�,� �B�.� �1�9�8�6�.� �M�e�t�a�b�o�l�i�c� �c�h�a�n�g�e�s� �l�i�m�i�t�i�n�g� �m�u�s�c�l�e� 
�p�e�r�f�o�r�m�a�n�c�e�.� �I�n�:� �B�.� �S�a�h�l�i�n� �(�E�d�.�)�.� �B�i�o�c�h�e�m�i�s�t�r�y� �o�f� �E�x�e�r�c�i�s�e� 
�V�I�,� �V�o�l�.� �1�6�.� �p�p�.� �3�2�3�-�3�4�3�,� �H�u�m�a�n� �K�i�n�e�t�i�c�s� �P�u�b�.�,� �C�h�a�m�p�a�i�g�n�,� 
�I�L�.� 

�S�a�h�l�i�n�,� �K�.� �1�9�9�0�.� �M�u�s�c�l�e� �c�a�r�n�i�t�i�n�e� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� 
�i�n�c�r�e�m�e�n�t�a�l� �d�y�n�a�m�i�c� �e�x�e�r�c�i�s�e� �i�n� �h�u�m�a�n�s�.� �A�c�t�a�.� �P�h�y�s�i�o�l�.� 
�S�c�a�n�d�.� �1�3�8�:�2�5�9�.� 

�S�a�n�d�a�g�e�,� �B�.�,� �R�.� �S�a�b�o�u�n�j�i�a�n�,� �R�.� �W�h�i�t�e�,� �a�n�d� �R�.� �J�.� �W�u�r�t�m�a�n�.� 
�1�9�9�2�.� �C�h�o�l�i�n�e� �c�i�t�r�a�t�e� �m�a�y� �e�n�h�a�n�c�e� �a�t�h�l�e�t�i�c� �p�e�r�f�o�r�m�a�n�c�e�.� 
�T�h�e� �P�h�y�s�i�o�l�o�g�i�s�t� �2�5�(�4�)�:�2�3�6�.� 

�S�a�t�o�,� �K�.�,� �a�n�d� �F�.� �S�a�t�o�.� �1�9�8�1�.� �R�o�l�e� �o�f� �c�a�l�c�i�u�m� �i�n� �c�h�o�l�i�n�e�r�g�i�c� 
�a�n�d� �a�d�r�e�n�e�r�g�i�c� �m�e�c�h�a�n�i�s�m�s� �o�f� �e�c�c�r�i�n�e� �s�w�e�a�t� �s�e�c�r�e�t�i�o�n�.� �A�m�.� 
�J�.� �P�h�y�s�i�o�l�.� �2�4�1�:�C�1�1�3�.� 
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�S�a�w�k�a�,� �M�.� �N�.�,� �a�n�d� �K�.� �P�.� �P�a�n�d�o�l�f�.� �1�9�9�0�.� �E�f�f�e�c�t�s� �o�f� �b�o�d�y� �w�a�t�e�r� 
�l�o�s�s� �o�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n� �a�n�d� �e�x�e�r�c�i�s�e� �p�e�r�f�o�r�m�a�n�c�e�.� 
�I�n�:� �C�.� �V�.� �G�i�s�o�l�f�i�,� �a�n�d� �D�.� �R�.� �L�a�m�b� �(�E�d�s�.�)� �P�e�r�s�p�e�c�t�i�v�e�s� �i�n� 
�E�x�e�r�c�i�s�e� �S�c�i�e�n�c�e� �a�n�d� �S�p�o�r�t�s� �M�e�d�.�,� �V�o�l�.� �3�:� �F�l�u�i�d� �H�o�m�e�o�s�t�a�s�i�s� 
�D�u�r�i�n�g� �E�x�e�r�c�i�s�e�.� �p�p�.� �1�-�3�0�.� �B�r�o�w�n� �a�n�d� �B�e�n�c�h�m�a�r�k�,� �C�a�r�m�e�l�,� �I�N�.� 

�S�c�h�w�a�r�t�z�,� �W�.� �B�.�,� �a�n�d� �A�.� �S�.� �R�e�l�m�a�n�.� �1�9�6�3�.� �A� �c�r�i�t�i�q�u�e� �o�f� �t�h�e� 
�p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �a�c�i�d�-�b�a�s�e� �d�i�s�o�r�d�e�r�s�.� 
�N�e�w� �E�n�g�l�a�n�d� �J�.� �M�e�d�.� �2�6�8�:�1�3�8�2�.� 

�S�c�o�t�t�,� �B�.� �D�.�,� �G�.� �D�.� �P�o�t�t�e�r�,� �L�.� �W�.� �G�r�e�e�n�e�,� �P�.� �S�.� �H�a�r�g�i�s�,� �a�n�d� �J�.� 
�G�.� �A�n�d�e�r�s�o�n�.� �1�9�9�2�.� �E�f�f�i�c�a�c�y� �o�f� �a� �f�a�t� �s�u�p�p�l�e�m�e�n�t�e�d� �d�i�e�t� �o�n� 
�m�u�s�c�l�e� �g�l�y�c�o�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �e�x�e�r�c�i�s�i�n�g� �t�h�o�r�o�u�g�h�b�r�e�d� 
�h�o�r�s�e�s� �m�a�i�n�t�a�i�n�e�d� �i�n� �v�a�r�y�i�n�g� �b�o�d�y� �c�o�n�d�i�t�i�o�n�s�.� �J�.� �E�q�u�i�n�e� 
�V�e�t�.� �S�c�i�.� �1�2�:�1�0�9�.� 

�S�e�v�e�r�i�n�g�h�a�u�s�,� �J�.� �W�.� �1�9�7�1�.� �C�a�r�b�o�n� �d�i�o�x�i�d�e� �s�o�l�u�b�i�l�i�t�y� �a�n�d� 
�f�i�r�s�t� �d�i�s�s�o�c�i�a�t�i�o�n� �c�o�n�s�t�a�n�t� �(�p�K ��)� �o�f� �c�a�r�b�o�n�i�c� �a�c�i�d� �i�n� 
�p�l�a�s�m�a� �a�n�d� �c�e�r�e�b�r�o�s�p�i�n�a�l� �f�l�u�i�d�:� �m�a�n�.� �I�n�:� �P�.� �L�.� �A�l�t�m�a�n� �a�n�d� 
�D�.� �S�.� �D�i�t�t�m�e�r� �(�E�d�.�)�.� �R�e�s�p�i�r�a�t�i�o�n� �a�n�d� �C�i�r�c�u�l�a�t�i�o�n�.� �F�e�d�.� �A�m�.� 
�S�o�c�.� �E�x�p�.� �B�i�o�l�.� �B�e�t�h�e�s�d�a�,� �M�D�.� 

�S�e�x�t�o�n�,� �W�.� �L�.�,� �H�.� �H�.� �E�r�i�c�k�s�o�n�,� �R�.� �M�.� �d�e�B�o�w�e�s�,� �a�n�d� �D�.� �H�.� 
�S�i�g�l�e�r�.� �1�9�8�5�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �t�r�a�i�n�i�n�g� �o�n� �r�e�g�u�l�a�t�i�o�n� �o�f� 
�b�l�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �t�h�e� �e�q�u�i�n�e� �s�p�e�c�i�e�s�.� 
�P�r�o�c�.� �3�1�5�*� �A�n�n�u�a�l� �C�o�n�v�.� �A�m�e�r�.� �A�s�s�o�c�.� �E�q�u�i�n�e� �P�r�a�c�t�.� �p�p�.�1�9�9�-� 
�2�0�8�.� 

�S�h�a�p�i�r�o�,� �Y�.�,� �K�.� �B�.� �P�a�n�d�o�l�f�,� �R�.� �F�.� �G�o�l�d�m�a�n�.� �1�9�8�2�.� �P�r�e�d�i�c�t�i�n�g� 
�s�w�e�a�t� �l�o�s�s� �r�e�s�p�o�n�s�e� �t�o� �e�x�e�r�c�i�s�e�,� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �c�l�o�t�h�i�n�g�.� 
�E�u�r�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �4�8�:�8�3�.� 

�S�i�m�i�,� �B�.�,� �B�.� �S�e�m�p�o�r�e�,� �M�.� �M�a�y�e�t�,� �a�n�d� �R�.� �J�.� �F�a�v�i�e�r�.� �1�9�9�1�.� 
�A�d�d�i�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �t�r�a�i�n�i�n�g� �a�n�d� �h�i�g�h� �f�a�t� �d�i�e�t� �o�n� �e�n�e�r�g�y� 
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�P�r�o�c�.� �1�4�%�?� �E�q�u�i�n�e� �N�u�t�r�.� �a�n�d� �P�h�y�s�i�o�l�.� �S�y�m�p�.�,� �p�p�.� �5�6�-�6�1�.� 
�O�n�t�a�r�i�o�,� �C�A�.� 

�W�e�i�l�a�n�d�,� �O�.� �H�.� �1�9�8�3�.� �T�h�e� �m�a�m�m�a�l�i�a�n� �p�y�r�u�v�a�t�e� �d�e�h�y�d�r�o�g�e�n�a�s�e� 
�c�o�m�p�l�e�x�:� �s�t�r�u�c�t�u�r�e� �a�n�d� �r�e�g�u�l�a�t�i�o�n�.� �R�e�v�.� �P�h�y�s�i�o�l� �B�i�o�c�h�e�m� 
�P�h�a�r�m�a�c�o�l�.� �9�6�:�1�2�3�.� 

�W�e�i�n�s�t�e�i�n�,� �Y�.�,� �A�.� �M�a�g�a�z�a�n�i�k�,� �A�.� �G�r�o�d�j�i�n�o�v�s�k�y�,� �O�.� �I�n�b�a�r�,� �R�.� 
�D�l�i�n�,� �a�n�d� �P�.� �A�.� �S�t�e�w�a�r�t�.� �1�9�9�1�.� �R�e�e�x�a�m�i�n�a�t�i�o�n� �o�f� �S�t�e�w�a�r�t ��s� 
�q�u�a�n�t�i�t�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s�.� �M�e�d�.� �a�n�d� �S�c�i�.� 
�i�n� �S�p�o�r�t�s� �a�n�d� �E�x�e�r�c�i�s�e� �2�3�:�1�2�7�0�.� 

�W�h�i�t�e�h�a�i�r�,� �K�.� �J�.�,� �S�.� �C�.� �H�a�s�k�i�n�s�,� �J�.� �G�.� �W�h�i�t�e�h�a�i�r�,� �a�n�d� �P�.� �J�.� 
�P�a�s�c�o�e�.� �1�9�9�5�.� �C�l�i�n�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �q�u�a�n�t�i�t�a�t�i�v�e� �a�c�i�d�-� 
�b�a�s�e� �c�h�e�m�i�s�t�r�y�.� �J�.� �V�e�t�.� �I�n�t�.� �M�e�d�.� �9�:�1�.� 

�W�i�l�s�o�n�,� �J�.� �R�.�,� �K�.� �K�.� �M�c�C�u�l�l�y�,� �D�.� �M�.� �M�a�n�c�i�n�i�,� �B�.� �B�o�d�e�n�,� �a�n�d� �B�.� 
�C�h�a�n�c�e�.� �1�9�8�8�.� �R�e�l�a�t�i�o�n�s�h�i�p� �o�f� �m�u�s�c�u�l�a�r� �f�a�t�i�g�u�e� �t�o� �p�H� �a�n�d� 
�d�i�p�r�o�t�o�n�a�t�e�d� �P�,� �i�n� �h�u�m�a�n�s�:� �a� �3�1�p�-�N�M�R� �s�t�u�d�y�.� �J�.� �A�p�p�l�.� 
�P�h�y�s�i�o�l�.� �6�4�:� �2�3�3�3�.� 

�4�8



�W�i�l�s�o�n�,� �J�.�,� �J�.� �W�i�l�l�i�a�m�s�,� �D�.� �K�r�o�n�f�e�l�d�,� �L�.� �G�a�y�,� �a�n�d� �T�.� �W�i�l�s�o�n�.� 
�1�9�9�5�.� �S�a�r�c�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� �r�e�s�p�o�n�s�e�s� �t�o� �d�i�e�t�a�r�y� 
�l�e�c�i�t�h�i�n�.� �P�r�o�c�.� �1�4�%� �E�q�u�i�n�e� �N�u�t�r�.� �a�n�d� �P�h�y�s�i�o�l�.� �S�y�m�p�.� �p�p�.�1�5�-� 
�1�6�.� �O�n�t�a�r�i�o�,� �C�A�.� 

�W�u�r�t�m�a�n�,� �R�.� �J�.� �1�9�7�9�.� �S�o�u�r�c�e�s� �o�f� �c�h�o�l�i�n�e� �a�n�d� �l�e�c�i�t�h�i�n� �i�n� �t�h�e� 
�d�i�e�t�.� �I�n�:� �A�.� �B�a�r�b�e�a�u�,� �J�.� �H�.� �G�r�o�w�d�o�n� �a�n�d� �R�.� �J�.� �W�u�r�t�m�a�n� 
�(�E�d�.�)� �N�u�t�r�i�t�i�o�n� �a�n�d� �t�h�e� �B�r�a�i�n�,� �V�o�l�.� �5�.� �R�a�v�e�n� �P�r�e�s�s�,� �N�e�w� 
�Y�o�r�k�,� �N�Y�.� 

�W�u�r�t�m�a�n�,� �R�.� �J�.�,� �J�.� �K�.� �B�l�u�s�z�t�a�j�n�,� �I�.� �H�.� �U�l�u�s�,� �I�.� �L�.� �C�o�v�i�e�l�l�a�,� 
�R�.� �L�.� �B�u�y�u�k�u�y�s�a�l�,� �j�.� �H�.� �G�r�o�w�d�o�n�,� �a�n�d� �B�.� �E�.� �S�l�a�c�k�.� �1�9�9�0�.� 
�C�h�o�l�i�n�e�r�g�i�c� �m�e�t�a�b�o�l�i�s�m� �i�n� �c�h�o�l�i�n�e�r�g�i�c� �n�e�u�r�o�n�s�:� �i�m�p�l�i�c�a�t�i�o�n�s� 
�f�o�r� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �n�e�u�r�o�d�e�g�e�n�e�r�a�t�i�v�e� �d�i�s�e�a�s�e�s�.� �A�d�v�.� 
�N�e�u�r�o�l�.� �5�1�:�1�1�7�.� 

�Z�e�i�s�e�l�,� �S�.� �H�.�,� �a�n�d� �D�.� �J�.� �C�a�n�t�y�.� �1�9�9�3�.� �C�h�o�l�i�n�e� �p�h�o�s�p�h�o�l�i�p�i�d�s�:� 
�m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �f�o�r� �h�u�m�a�n� �d�i�s�e�a�s�e�s�:� �a� �m�e�e�t�i�n�g� �r�e�p�o�r�t�.� 
�J�.� �N�u�t�r�.� �B�i�o�c�h�e�m�.� �4�:�2�5�8�.� 
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�J�o�u�r�n�a�l� �A�r�t�i�c�l�e� �I�l�.� �A�r�t�e�r�i�a�l� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �a�c�i�d�-�b�a�s�e� 

�s�t�a�t�u�s� �a�n�d� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e� �d�u�r�i�n�g� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t�s�.� 

�A�b�s�t�r�a�c�t� 

�S�e�v�e�n� �h�o�r�s�e�s� �p�e�r�f�o�r�m�e�d� �6� �1�-�m�i�n� �s�p�r�i�n�t�s� �s�e�p�a�r�a�t�e�d� �b�y� �4�-�m�i�n� 

�i�n�t�e�r�v�a�l�s� �a�t� �a� �w�a�l�k�,� �f�o�l�l�o�w�e�d� �b�y� �a� �3�0�-�m�i�n� �r�e�c�o�v�e�r�y� �p�e�r�i�o�d�.� 

�B�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �a�t� �r�e�s�t�,� �a�f�t�e�r� �a� �s�u�b�-�m�a�x�i�m�a�l� �w�a�r�m� 

�u�p�,� �d�u�r�i�n�g� �t�h�e� �l�a�s�t� �1�5� �s�e�c� �o�f� �s�p�r�i�n�t�s� �5� �a�n�d� �6�,� �a�n�d� �a�t� �5� �a�n�d� 

�3�0� �m�i�n� �o�f� �r�e�c�o�v�e�r�y� �f�r�o�m� �t�h�e� �c�a�r�o�t�i�d� �a�r�t�e�r�y� �(�A�)� �a�n�d� �r�i�g�h�t� 

�h�e�a�r�t� �(�c�e�n�t�r�a�l� �v�e�n�o�u�s�,� �V�)� �t�o� �e�v�a�l�u�a�t�e� �c�h�a�n�g�e�s� �i�n� �b�l�o�o�d� �g�a�s�e�s� 

�a�n�d� �s�t�r�o�n�g� �i�o�n�s�.� �A�t� �b�o�t�h� �s�i�t�e�s�,� �p�l�a�s�m�a� �[�H�*�]�,� �p�C�O�,�,� �p�O�,�,� 

�a�l�b�u�m�i�n� �(�[�A�l�b�]�)�,� �a�n�d� �s�t�r�o�n�g� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�[�N�a�*�]�,� �[�K�*�]�,� 

�[�C�l�°�]�}� �w�e�r�e� �m�e�a�s�u�r�e�d�,� �a�n�d� �h�e�m�a�t�o�c�r�i�t� �(�H�c�t�)�,� �a�n�d� �b�l�o�o�d� 

�l�a�c�t�a�t�e� �(�[�{�L�a�c ��]�)�,� �a�n�d� �h�e�m�o�g�l�o�b�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�[�H�b�]�)� �w�e�r�e� 

�m�e�a�s�u�r�e�d�.� �S�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e� �(�[�S�I�D�]�)� �a�n�d� �b�i�c�a�r�b�o�n�a�t�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�C�O�,�]�)� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�,� �a�n�d� �[�A�l�b�]� �w�a�s� �u�s�e�d� 

�a�s� �a�n� �e�s�t�i�m�a�t�e� �o�f� �t�o�t�a�l� �w�e�a�k� �a�c�i�d� �[�A� �B�e�t�w�e�e�n� �s�i�t�e�s� �(�A� �t�o�t�}� 

�v�s� �V�)� �t�h�e�r�e� �w�e�r�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �[�H�"�]�,� �p�C�O�,�,� �[�H�C�O�,�]�,� �[�C�l�]�,� 

�[�S�I�D�]�,� �[�N�a�t�]�,� �[�K�*�]�,� �a�n�d� �[�L�a�c�]�.� �D�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �[�C�1�7�]� 

�i�n�c�r�e�a�s�e�d� �a�t� �A� �a�n�d� �d�e�c�r�e�a�s�e�d� �a�t� �V�,� �w�h�i�l�e� �[�H�*�]�,� �p�C�O�,�,� �a�n�d� 

�[�H�C�O�,� �]� �d�e�c�r�e�a�s�e�d� �a�t� �A� �a�n�d� �i�n�c�r�e�a�s�e�d� �a�t� �V�.� �W�i�t�h� �e�x�e�r�c�i�s�e�,� 

�[�N�a�*�]�,� �[�K�*�]�,� �a�n�d� �[�L�a�c ��]� �i�n�c�r�e�a�s�e�d� �a�t� �b�o�t�h� �s�i�t�e�s�,� �w�i�t�h� �[�N�a ��]�,� 

�a�n�d� �[�K�"�]�,�,� �a�n�d� �[�L�a�c�]�,� �i�n�c�r�e�a�s�i�n�g� �t�o� �a� �g�r�e�a�t�e�r� �e�x�t�e�n�t�.� 
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�P�l�a�s�m�a� �[�S�I�D�]�,� �d�e�c�r�e�a�s�e�d� �d�u�e� �t�o� �a� �g�r�e�a�t�e�r� �i�n�c�r�e�a�s�e� �i�n� �[�L�a�c�]�,� 

�c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �s�t�r�o�n�g� �i�o�n�s�,� �a�n�d� �[�S�I�D�]�,� �i�n�c�r�e�a�s�e�d� �d�u�e� �t�o� 

�i�n�c�r�e�a�s�e�d� �[�N�a ��]�,� �a�n�d� �[�K�*�]�,�,� �a�n�d� �d�e�c�r�e�a�s�e�d� �[�C�l�°�]�,�.� �P�l�a�s�m�a� 

�[�A�l�b�]�,� �a�n�d� �b�l�o�o�d� �[�H�b�]� �a�n�d� �H�c�t� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �e�x�e�r�c�i�s�e�,� �w�i�t�h� 

�n�o� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e�s�.� �R�e�s�u�l�t�s� �s�h�o�w� �t�h�a�t� �S�I�D�,� �[�A�,�,�,�]�,� �a�n�d� �p�C�O�,� 

�h�a�v�e� �d�i�f�f�e�r�e�n�t� �e�f�f�e�c�t�s� �o�n� �p�l�a�s�m�a� �[�H�*�]� �a�n�d� �[�H�C�O�,�]� �a�t� �s�i�t�e�s� �A� 

�a�n�d� �V�,� �a�n�d� �t�h�a�t� �t�h�e� �c�h�l�o�r�i�d�e� �s�h�i�f�t� �i�s� �e�v�i�d�e�n�t� �i�n� �t�h�e� 

�e�x�e�r�c�i�s�i�n�g� �h�o�r�s�e�.� 

�h�o�r�s�e�s�;� �b�l�o�o�d� �g�a�s�e�s�;� �s�t�r�o�n�g� �i�o�n�s�;� �c�h�l�o�r�i�d�e� �s�h�i�f�t�;� 
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�I�n�t�r�o�d�u�c�t�i�o�n� 

�E�x�e�r�c�i�s�e� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�e�r�t�u�r�b�a�t�i�o�n�s� �i�n� �a�c�i�d�-�b�a�s�e� 

�b�a�l�a�n�c�e� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e� �t�o� �f�a�t�i�g�u�e� �(�M�a�i�n�w�o�o�d� �a�n�d� �R�e�n�a�u�d�,� 

�1�9�8�4�)�.� �C�o�n�v�e�n�t�i�o�n�a�l� �a�s�s�e�s�s�m�e�n�t� �o�f� �a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s� �d�u�r�i�n�g� 

�M�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �i�n� �t�h�e� �h�o�r�s�e� �h�a�s� �i�n�c�l�u�d�e�d� �e�m�p�h�a�s�i�z�e�d� �t�h�e� 

�b�i�c�a�r�b�o�n�a�t�e� �b�u�f�f�e�r� �s�y�s�t�e�m�,� �a�n�d� �h�a�s� �y�i�e�l�d�e�d� �i�n�c�o�n�s�i�s�t�e�n�t� 

�r�e�s�u�l�t�s� �(�H�a�r�r�i�s� �a�n�d� �S�n�o�w�,� �1�9�8�8�;� �C�o�h�e�n� �e�t� �a�l�.�,� �1�9�9�3�;� �T�a�t�e� �e�t� 

�a�l�.�,� �1�9�9�3�)� �a�n�d� �l�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �o�n� �r�e�p�e�a�t�e�d�,� 

�p�e�r�i�o�d�i�c� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �(�G�e�i�s�e�r� �e�t� �a�l�.�,� �1�9�9�2�)�.� �A�r�t�e�r�i�a�l� 

�b�l�o�o�d� �s�a�m�p�l�e�s� �m�u�s�t� �b�e� �o�b�t�a�i�n�e�d� �f�o�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� 

�c�a�r�d�i�o�p�u�l�m�o�n�a�r�y� �f�u�n�c�t�i�o�n�,� �w�h�i�l�e� �a� �m�i�x�e�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� 

�s�a�m�p�l�e� �r�e�f�l�e�c�t�s� �m�u�s�c�l�e� �m�e�t�a�b�o�l�i�s�m� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �(�C�a�r�l�s�o�n�,� 

�1�9�8�7�)�.� 

�A� �c�o�m�p�r�e�h�e�n�s�i�v�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �e�v�a�l�u�a�t�i�o�n� �o�f� �a�c�i�d�-�b�a�s�e� 

�s�t�a�t�u�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �s�h�o�u�l�d� �i�n�c�l�u�d�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �[�S�I�D�]�,� �a�n�d� �[�A�,�,�,�]�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �b�l�o�o�d� �g�a�s�e�s�,� 

�[�H�*�]�,� �a�n�d� �[�H�C�O�,�]� �(�S�t�e�w�a�r�t� �1�9�8�1�,� �1�9�8�3�)�.� �S�t�r�o�n�g� �i�o�n�s� �a�r�e� 

�c�o�m�p�l�e�t�e�l�y� �d�i�s�s�o�c�i�a�t�e�d� �i�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n�s�,� �a�n�d� �t�h�e� �[�S�I�D�]� 

�i�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�u�m� �o�f� �a�l�l� �t�h�e� �s�t�r�o�n�g� �c�a�t�i�o�n�s� 

�a�n�d� �a�n�i�o�n�s�.� �T�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�,� �p�c�o�,�,� �[�S�I�D�]�,� �a�n�d� 

�[�A� �t�o�r�)� �a�f�f�e�c�t� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �[�H�*�]� �a�n�d� �[�H�C�O�,�]� �i�n� 

�o�r�d�e�r� �t�o� �m�a�i�n�t�a�i�n� �e�l�e�c�t�r�i�c�a�l� �n�e�u�t�r�a�l�i�t�y�,� �c�o�n�s�e�r�v�e� �m�a�s�s�,� �a�n�d� 

�s�a�t�i�s�f�y� �d�i�s�s�o�c�i�a�t�i�o�n� �e�q�u�i�l�i�b�r�i�a� �(�S�t�e�w�a�r�t�,� �1�9�8�1�;� �1�9�8�3�)�.� 

�E�x�a�m�i�n�i�n�g� �m�u�s�c�l�e�,� �p�l�a�s�m�a�,� �a�n�d� �e�r�y�t�h�r�o�c�y�t�e�s� �w�i�t�h� �t�h�i�s� 

�p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �m�e�t�h�o�d� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �q�u�a�n�t�i�f�y� �i�n�d�i�v�i�d�u�a�l� 
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�c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �s�t�r�o�n�g� �i�o�n�s� �t�o� �a�c�i�d�-�b�a�s�e� �b�a�l�a�n�c�e� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �(�H�e�i�g�e�n�h�a�u�s�e�r� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�T�h�e� �p�r�e�s�e�n�t� �i�n�v�e�s�t�i�g�a�t�i�o�n� �c�o�m�p�a�r�e�d� �s�i�m�u�l�t�a�n�e�o�u�s� �c�h�a�n�g�e�s� �i�n� 

�a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s� �o�f� �a�r�t�e�r�i�a�l� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �b�l�o�o�d� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t� �e�x�e�r�c�i�s�e�.� �I�n� �a�d�d�i�t�i�o�n�,� �a� 

�c�o�m�p�r�e�h�e�n�s�i�v�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� �a�p�p�r�o�a�c�h� �t�o� �a�c�i�d�-�b�a�s�e� 

�e�v�a�l�u�a�t�i�o�n� �w�a�s� �c�o�m�p�a�r�e�d� �t�o� �a� �l�i�m�i�t�e�d� �c�o�n�v�e�n�t�i�o�n�a�l� �o�n�e� �t�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �o�n�e� �m�e�t�h�o�d� �o�f�f�e�r�e�d� �a�d�v�a�n�t�a�g�e�s� �o�v�e�r� �t�h�e� �o�t�h�e�r�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�H�o�r�s�e�s�.� �S�e�v�e�n� �A�r�a�b�i�a�n� �h�o�r�s�e�s�,� �a�g�e� �4� �t�o� �5� �y�r�s� �o�l�d� �w�e�r�e� 

�u�s�e�d�.� �T�h�e�y� �w�e�i�g�h�e�d� �4�1�0� �k�g� �+� �4�1� �k�g� �(�m�e�a�n� �+� �S�E�)�,� �a�n�d� �h�a�d� �b�e�e�n� 

�p�r�e�v�i�o�u�s�l�y� �c�o�n�d�i�t�i�o�n�e�d� �t�w�i�c�e� �w�e�e�k�l�y� �f�o�r� �8� �w�k�s� �o�n� �a� �h�i�g�h�-� 

�s�p�e�e�d� �t�r�e�a�d�m�i�l�l� �(�K�a�g�r�a� �A�g� �M�u�s�t�a�n�g� �2�2�0�0�;� �S�w�i�t�z�e�r�l�a�n�d�)� �w�e�r�e� 

�u�s�e�d�.� �E�a�c�h� �h�o�r�s�e� �h�a�d� �i�t�s� �r�i�g�h�t� �c�a�r�o�t�i�d� �a�r�t�e�r�y� �r�e�l�o�c�a�t�e�d� �t�o� 

�a� �s�u�b�c�u�t�a�n�e�o�u�s� �p�o�s�i�t�i�o�n� �a�t� �l�e�a�s�t� �2� �m�o�n�t�h�s� �p�r�i�o�r� �t�o� �t�h�e� �s�t�a�r�t� 

�o�f� �c�o�n�d�i�t�i�o�n�i�n�g�.� �T�h�e�y� �w�e�r�e� �f�e�d� �a� �c�r�a�c�k�e�d� �c�o�r�n� �a�n�d� �m�o�l�a�s�s�e�s� 

�m�i�x�,� �a�n�d� �a�d� �l�i�b�i�t�u�m� �g�r�a�s�s� �h�a�y� �t�o� �m�e�e�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� 

�m�o�d�e�r�a�t�e� �t�o� �h�e�a�v�y� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s� �(�N�R�C�,� �1�9�8�9�)�.� �T�h�i�s� 

�p�r�o�t�o�c�o�l� �w�a�s� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �U�n�i�v�e�r�s�i�t�y ��s� �a�n�i�m�a�l� �c�a�r�e� 

�c�o�m�m�i�t�e�e�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�t�o�c�o�l�.� �F�e�e�d�,� �b�u�t� �n�o�t� �w�a�t�e�r� �w�a�s� �w�i�t�h�e�l�d� 

�f�o�r� �a�t� �l�e�a�s�t� �1�2� �h�r� �p�r�i�o�r� �t�o� �t�h�e� �m�o�r�n�i�n�g� �o�f� �t�h�e� �e�x�e�r�c�i�s�e� 

�t�e�s�t�.� �T�h�e� �t�r�e�a�d�m�i�l�l� �b�a�r�n� �w�a�s� �c�l�i�m�a�t�e�-�c�o�n�t�r�o�l�l�e�d� �t�o� �m�a�i�n�t�a�i�n� 
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�a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�0�°�C� �a�n�d� �3�5�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y�.� �H�o�r�s�e�s� 

�w�e�r�e� �b�r�o�u�g�h�t� �i�n�t�o� �t�h�e� �b�a�r�n� �a�t� �l�e�a�s�t� �1� �h�r� �p�r�i�o�r� �t�o� �a�n�y� 

�h�a�n�d�l�i�n�g�.� �A�r�e�a�s� �o�v�e�r� �t�h�e� �l�e�f�t� �j�u�g�u�l�a�r� �v�e�i�n�,� �a�n�d� �r�i�g�h�t� 

�c�a�r�o�t�i�d� �a�r�t�e�r�y� �w�e�r�e� �s�u�r�g�i�c�a�l�l�y� �p�r�e�p�a�r�e�d�.� �A� �s�t�e�r�i�l�e� �1�8� �g� 

�c�a�t�h�e�t�e�r� �(�A�n�g�i�o�c�a�t�h�,� �B�e�c�t�o�n�-�D�i�c�k�i�n�s�o�n�)� �w�i�t�h� �a� �5� �m�l� �e�x�t�e�n�s�i�o�n� 

�s�e�t� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �a�r�t�e�r�y� �a�n�d� �k�e�p�t� �p�a�t�e�n�t� �w�i�t�h� 

�h�e�p�a�r�i�n�i�z�e�d� �s�a�l�i�n�e�.� 

�A�n� �a�r�e�a� �o�f� �s�k�i�n� �o�v�e�r� �t�h�e� �m�i�d�c�e�r�v�i�c�a�l� �r�e�g�i�o�n� �o�f� �t�h�e� �j�u�g�u�l�a�r� 

�v�e�i�n� �w�a�s� �a�n�a�e�s�t�h�e�t�i�z�e�d� �w�i�t�h� �1� �m�l� �o�f� �l�i�d�o�c�a�i�n�e� �(�2�%� �l�i�d�o�c�a�i�n�e� 

�H�C�l�,� �B�u�t�l�e�r�)�,� �a�n�d� �a� �s�m�a�l�l� �i�n�c�i�s�i�o�n� �w�a�s� �m�a�d�e� �i�n� �t�h�e� �s�k�i�n�.� �A� 

�1�0� �g� �n�e�e�d�l�e� �w�a�s� �p�l�a�c�e�d� �a�s�e�p�t�i�c�a�l�l�y� �i�n�t�o� �t�h�e� �v�e�i�n�,� �a�n�d� �a� 

 ��s�t�e�r�i�l�e� �p�o�l�y�e�t�h�y�l�e�n�e� �c�a�t�h�e�t�e�r� �(�P�E�-�2�4�0�,� �I�n�t�r�a�m�e�d�i�c�)� �a�t�t�a�c�h�e�d� 

�t�o� �a� �s�a�l�i�n�e� �m�a�n�o�m�e�t�e�r� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �r�i�g�h�t� �a�t�r�i�u�m� 

�o�f� �t�h�e� �h�e�a�r�t�.� �A� �5� �m�l� �e�x�t�e�n�s�i�o�n� �s�e�t� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� 

�t�u�b�i�n�g� �a�n�d� �k�e�p�t� �p�a�t�e�n�t� �w�i�t�h� �h�e�p�a�r�i�n�i�z�e�d� �s�a�l�i�n�e�.� �T�h�e� �h�o�r�s�e� 

�w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�a�n�d� �q�u�i�e�t�l�y� �f�o�r� �a�t� �l�e�a�s�t� �1� �h�r� �b�e�f�o�r�e� 

�r�e�s�t�i�n�g� �h�e�a�r�t� �r�a�t�e� �(�H�R�)� �a�n�d� �r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e� �(�R�T�)� �w�e�r�e� 

�r�e�c�o�r�d�e�d� �j�u�s�t� �p�r�i�o�r� �t�o� �a� �s�p�r�i�n�t�i�n�g� �e�x�e�r�c�i�s�e� �t�e�s�t�.� �H�e�a�r�t� 

�r�a�t�e�s� �w�e�r�e� �m�o�n�i�t�o�r�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t� �w�i�t�h� �a� �c�o�m�m�e�r�c�i�a�l� 

�d�i�g�i�t�a�l� �h�e�a�r�t� �m�o�n�i�t�o�r� �(�P�o�l�a�r� �P�a�c�e�r�,� �P�o�l�a�r� �C�I�C�)�,� �a�n�d� �R�T� �w�a�s� 

�o�b�t�a�i�n�e�d� �a�t� �e�a�c�h� �b�l�o�o�d� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�.� 

�S�a�m�p�l�e� �C�o�l�l�e�c�t�i�o�n� �a�n�d� �A�n�a�l�y�s�i�s�.� �P�r�i�o�r� �t�o� �t�h�e� �s�p�r�i�n�t�i�n�g� 

�e�x�e�r�c�i�s�e� �t�e�s�t� �(�T�a�b�l�e� �1�)�,� �t�w�o� �r�e�s�t�i�n�g� �b�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�t�a�k�e�n� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �f�r�o�m� �t�h�e� �a�r�t�e�r�y� �a�n�d� �r�i�g�h�t� �a�t�r�i�u�m�,� �1�0� 

�M�i�n� �a�p�a�r�t�.� �D�a�t�a� �f�r�o�m� �t�h�e� �r�e�s�t�i�n�g� �s�a�m�p�l�e�s� �w�e�r�e� �s�i�m�i�l�a�r� 
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�(�P�>�.�2�5�)�,� �a�n�d� �m�e�a�n�s� �w�e�r�e� �u�s�e�d� �a�s� �r�e�s�t�i�n�g� �v�a�l�u�e�s�.� �A�d�d�i�t�i�o�n�a�l� 

�s�a�m�p�l�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �1�5� �s�e�c� �p�r�i�o�r� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �w�a�r�m�-�u�p� 

�p�h�a�s�e�,� �a�n�d� �1�5� �s�e�c� �p�r�i�o�r� �t�o� �t�h�e� �e�n�d� �o�f� �s�p�r�i�n�t�s� �5� �a�n�d� �6�.� 

�S�i�m�i�l�a�r� �e�x�p�e�r�i�m�e�n�t�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �a�s�y�m�p�t�o�t�i�c� �v�a�l�u�e�s� �f�o�r� 

�m�e�t�a�b�o�l�i�c� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �a�p�p�r�o�a�c�h�e�d� �o�n� �t�h�e� �5�t�h� �a�n�d� �6�t�h� 

�s�p�r�i�n�t�s� �(�F�e�r�r�a�n�t�e� �e�t� �a�l�,� �1�9�9�4�)�.� �D�a�t�a� �f�r�o�m� �s�p�r�i�n�t�s� �5� �a�n�d� �6� 

�w�e�r�e� �s�i�m�i�l�a�r�,� �a�n�d� �m�e�a�n�s� �w�e�r�e� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �m�a�x�i�m�a�l� 

�r�e�s�p�o�n�s�e� �t�o� �e�x�e�r�c�i�s�e�.� �B�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �a�l�s�o� �d�r�a�w�n� �a�t� �5� 

�(�R�e�c� �5�)� �a�n�d� �3�0� �(�R�e�c� �3�0�)� �m�i�n� �o�f� �r�e�c�o�v�e�r�y�.� 

�A�l�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �a�r�t�e�r�i�a�l� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� 

�s�a�m�p�l�e�s�.� �B�l�o�o�d� �s�a�m�p�l�e�s� �(�2� �m�l�)� �w�e�r�e� �d�r�a�w�n� �a�n�a�e�r�o�b�i�c�a�l�l�y� �i�n�t�o� 

�h�e�p�a�r�i�n�i�z�e�d� �s�y�r�i�n�g�e�s� �(�3�0�0� �u�n�i�t�s� �l�i�t�h�i�u�m� �h�e�p�a�r�i�n�,� �S�i�g�m�a�)�,� �a�n�d� 

�s�t�o�r�e�d� �i�n� �i�c�e� �w�a�t�e�r� �u�n�t�i�l� �a�n�a�l�y�z�e�d� �f�o�r� �[�H�*�]�,� �p�C�O�,�,� �p�O�,�,� �H�c�t�,� 

�[�N�a�*�]�,� �a�n�d� �[�K�*�]� �(�S�t�a�t� �P�r�o�f�i�l�e� �1�,� �N�o�v�a� �B�i�o�m�e�d�i�c�a�l�)� �w�i�t�h�i�n� �5� �-� 

�3�0� �m�i�n�.� �A�d�d�i�t�i�o�n�a�l� �s�a�m�p�l�e�s� �(�3�5� �m�l�)� �w�e�r�e� �d�r�a�w�n� �a�n�d� �p�l�a�c�e�d� �i�n� 

�h�e�p�a�r�i�n�i�z�e�d� �t�u�b�e�s� �(�V�a�c�u�t�a�i�n�e�r� �#�6�4�8�4�,� �B�e�c�t�o�n�-�D�i�c�k�i�n�s�o�n�)�.� 

�A�l�i�q�u�o�t�s� �w�e�r�e� �i�m�m�e�d�i�a�t�e�l�y� �d�e�p�r�o�t�e�i�n�i�z�e�d� �i�n� �c�o�l�d� �p�e�r�c�h�l�o�r�i�c� 

�a�c�i�d� �(�1�:�2�)�,� �a�n�d� �t�h�e� �s�u�p�e�r�n�a�t�e�n�t� �d�r�a�w�n� �o�f�f� �a�n�d� �s�t�o�r�e�d� �a�t� �-� 

�7�0�°�C� �f�o�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �b�l�o�o�d� �[�L�a�c ��]� �b�y� �a� �l�a�c�t�a�t�e� 

�d�e�h�y�d�r�o�g�e�n�s�e� �m�e�t�h�o�d� �(�P�r�o�c�.� �#�8�2�6�-�U�V�,� �S�i�g�m�a�)�.� �A�d�d�i�t�i�o�n�a�l� 

�a�l�i�q�u�o�t�s� �o�f� �w�h�o�l�e� �b�l�o�o�d� �w�e�r�e� �s�t�o�r�e�d� �a�t� �-�5�°�C� �f�o�r� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �[�H�b�]� �b�y� �c�y�a�n�m�e�t�h�e�m�o�g�l�o�b�i�n� �m�e�t�h�o�d� �(�P�r�o�c�.� 

�#�5�2�5�,� �S�i�g�m�a�)�,� �P�l�a�s�m�a� �w�a�s� �i�m�m�e�d�i�a�t�e�l�y� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �s�a�m�p�l�e�s�,� �a�n�d� �s�t�o�r�e�d� �a�t� �-�5�°�C� �f�o�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 

�[�A�l�b�]� �b�y� �b�r�o�m�c�r�e�s�o�l� �g�r�e�e�n� �m�e�t�h�o�d� �(�P�r�o�c�.� �#�6�3�1�,� �S�i�g�m�a�)�,� �a�n�d� 

�[�C�l�°�]�}� �b�y� �t�i�t�r�a�t�i�o�n� �(�C�h�l�o�r�i�d�o�m�e�t�e�r�,� �B�u�c�h�l�e�r� �i�n�s�t�r�u�m�e�n�t�s�)�.� 
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�P�l�a�s�m�a� �[�H�*�]�,� �p�C�O�,�,� �a�n�d� �p�O�,� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �R�T�,� �a�n�d� �[�H�C�O�,�]� 

�w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�S�i�g�a�a�r�d�-�A�n�d�e�r�s�e�n�,� �1�9�6�3�)�.� �P�l�a�s�m�a� �[�A�l�b�]� �w�a�s� 

�u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �[�A�,�,�,�]� �(�R�o�s�s�i�n�g� �e�t� �a�l�.�,� �1�9�8�6�)�.� �S�I�D� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �a�s� �f�o�l�l�o�w�s� �(�S�t�e�w�a�r�t�,� �1�9�8�1�)�:� 

�[�S�I�D�]� �=� �(�[�N�a�*�]� �+� �[�K�"�]�)� �-� �(�[�C�l�°�]� �+� �[�L�a�c ��]�)� 

�A�l�l� �r�e�s�u�l�t�s� �a�r�e� �g�i�v�e�n� �a�s� �l�s�m�e�a�n� �+� �S�E�,� �u�n�l�e�s�s� �s�t�a�t�e�d� 

�o�t�h�e�r�w�i�s�e�.� �D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �f�o�r� 

�r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s�,� �w�i�t�h� �o�r�t�h�o�g�o�n�a�l� �c�o�n�t�r�a�s�t�s� �(�S�A�S�,� �1�9�8�8�)�.� 

�R�e�s�u�l�t�s� 

�C�h�a�n�g�e�s� �i�n� �i�n�d�i�v�i�d�u�a�l� �s�t�r�o�n�g� �i�o�n�s�.� �T�h�e�r�e� �w�e�r�e� 

�d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�a�m�p�l�i�n�g� �s�i�t�e�s� �(�A� �v�s� �V�)� �i�n� �p�l�a�s�m�a� �[�N�a ��]� 

�(�P� �=� �.�0�0�0�6�)�,� �[�K�*�]� �(� �P� �=�.�0�1�8�6�)�,� �[�C�1�7�]� �(�P� �=� �.�0�0�0�1�)�,� �a�n�d� �b�l�o�o�d� 

�[�L�a�c ��]� �(�P� �=� �.�0�1�5�)� �(�T�a�b�l�e� �2�)�.� �P�l�a�s�m�a� �[�N�a�*�}�]�,� �i�n�c�r�e�a�s�e�d� �(�P� �=� 

�-�0�0�0�1�)� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �a�n�d� �w�a�s� �2�%� �h�i�g�h�e�r� �t�h�a�n� �[�N�a ��]�,�,� �w�h�i�c�h� 

�w�a�s� �i�n�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �o�n�l�y�.� �P�l�a�s�m�a� 

�[�K�*�]� �i�n�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �a�t� �b�o�t�h� �s�i�t�e�s�,� 

�b�u�t� �[�K�*�]�,� �w�a�s� �7�%� �h�i�g�h�e�r� �t�h�a�n� �[�K�*�]�,� �d�u�r�i�n�g� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�.� 

�P�l�a�s�m�a� �[�C�l�°�]�,� �d�e�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)�,� �b�u�t� �[�C�l�]�,� �i�n�c�r�e�a�s�e�d� �(�P� 

�=� �.�0�0�0�1�)� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �s�o� �t�h�a�t� �[�C�l�]�,� �w�a�s� �3� �-� �8�%� �l�o�w�e�r� 

�t�h�a�n� �[�C�l�°�]�,� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t�.� �B�l�o�o�d� �[�L�a�c ��]� �i�n�c�r�e�a�s�e�d� �(�P� �=� 

�-�0�0�0�1�)� �a�t� �b�o�t�h� �s�i�t�e�s�,� �a�n�d� �[�L�a�c ��]�,� �w�a�s� �5�%� �h�i�g�h�e�r� �t�h�a�n� �[�L�a�c�]�,� 

�a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �(�T�a�b�l�e� �2�)�.� 
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�C�h�a�n�g�e�s� �i�n� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�:� �p�C�O�,�,� �[�S�I�D�]�,� �a�n�d� �[�A�l�b�]�.� 

�T�h�e�r�e� �w�e�r�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�a�m�p�l�i�n�g� �s�i�t�e�s� �(�A� �v�s� �V�)� �i�n� 

�p�l�a�s�m�a� �p�C�O�,�,� �a�n�d� �[�S�I�D�]� �(�P� �=� �.�0�0�0�1�)� �(�T�a�b�l�e� �3�)�.� �P�l�a�s�m�a� �p�v�C�o�,� 

�i�n�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �a�n�d� �w�a�s� �1�3� �-� �4�3�%� 

�h�i�g�h�e�r� �t�h�a�n� �p�a�C�O�,�,� �w�h�i�c�h� �d�e�c�r�e�a�s�e�d� �(�P� �~�0�0�0�1�)� �t�h�r�o�u�g�h�o�u�t� 

�t�h�e� �t�e�s�t�.� �P�l�a�s�m�a� �[�S�I�D�]�,� �i�n�c�r�e�a�s�e�d� �(�P� �-�0�0�0�1�)�,� �b�u�t� �[�S�I�D�]�,� 

�d�e�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �s�o� �t�h�a�t� �[�S�I�D�]�,� �w�a�s� �1�2� 

�a�n�d� �2�0�%� �h�i�g�h�e�r� �t�h�a�n� �[�S�I�D�]�,� �d�u�r�i�n�g� �s�u�b�-�m�a�x�i�m�a�l� �a�n�d� �m�a�x�i�m�a�l� 

�e�x�e�r�c�i�s�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �D�u�r�i�n�g� �r�e�c�o�v�e�r�y�,� �[�S�I�D�]�,� �d�e�c�r�e�a�s�e�d�,� 

�a�n�d� �[�S�I�D�]�,� �i�n�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)�,� �s�o� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �t�h�e�m� �w�a�s� �r�e�d�u�c�e�d� �t�o� �5�%�.� �P�l�a�s�m�a� �[�A�l�b�]� �i�n�c�r�e�a�s�e�d� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�i�t�h� �n�o� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e�s�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�[�A�l�b�]� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �w�o�u�l�d� �c�o�r�r�e�s�p�o�n�d� �t�o� �a� �d�e�c�r�e�a�s�e� �o�f� 

�9�.�7�%� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e� �i�f� �t�h�e� �a�l�b�u�m�i�n� �c�o�n�t�e�n�t� �o�f� �p�l�a�s�m�a� 

�r�e�m�a�i�n�e�d� �c�o�n�s�t�a�n�t� �(�V�a�n� �B�e�a�u�m�o�n�t� �e�t� �a�l�.�,� �1�9�8�1�)�.� �T�h�i�s� �d�e�f�i�c�i�t� 

�w�a�s� �r�e�s�t�o�r�e�d� �p�a�r�t�i�a�l�l�y� �a�t� �R�e�c�-�5�,� �a�n�d� �c�o�m�p�l�e�t�e�l�y� �a�t� �R�e�c�-�3�0�.� 

�C�h�a�n�g�e�s� �i�n� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�:� �[�H�*�]�,� �a�n�d� �[�H�C�O�.�-�]�.� �T�h�e�r�e� 

�w�e�r�e� �d�i�f�f�e�r�e�n�c�e�s� �(�P� �=� �.�0�0�0�1�)� �b�e�t�w�e�e�n� �s�a�m�p�l�i�n�g� �s�i�t�e�s� �(�A� �v�s� �V�)� 

�i�n� �p�l�a�s�m�a� �[�H�"�]� �a�n�d� �[�H�C�O�,�]� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t� �(�T�a�b�l�e� �4�)�.� 

�P�l�a�s�m�a� �[�H�"�]�,� �w�a�s� �8�%� �h�i�g�h�e�r� �t�h�a�n� �[�H�"�]�,� �a�t� �r�e�s�t�.� �D�u�r�i�n�g� 

�e�x�e�r�c�i�s�e�,� �[�H�"�]�,� �i�n�c�r�e�a�s�e�d�,� �b�u�t� �[�H�*�]�,� �d�e�c�r�e�a�s�e�d�,� �s�o� �t�h�a�t� �[�H�"�*�]�,� 

�w�a�s� �3�0�%� �h�i�g�h�e�r� �t�h�a�n� �[�H�,�]�,� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�.� �T�h�e� 

�d�i�r�e�c�t�i�o�n�s� �o�f� �c�h�a�n�g�e�s� �w�e�r�e� �r�e�v�e�r�s�e�d� �d�u�r�i�n�g� �r�e�c�o�v�e�r�y�,� �s�o� �t�h�a�t� 

�t�h�e�r�e� �w�a�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �[�H�*�]�,� �a�n�d� �[�H�*�]�,� �a�t� �R�e�c�-�3�0�.� 

�P�l�a�s�m�a� �[�{�H�C�O�,�]�,� �w�a�s�d� �6�%� �h�i�g�h�e�r� �t�h�a�n� �[�H�C�O�,�]�,� �a�t� �r�e�s�t� �(�T�a�b�l�e� 

�5�7



�4�)�.� �V�e�n�o�u�s� �[�H�C�O�,�]� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �w�a�r�m�-�u�p�,� �b�u�t� �d�e�c�r�e�a�s�e�d� 

�a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� �a�n�d� �R�e�c�-�5�.� �A�r�t�e�r�i�a�l� �[�H�C�O�,�]� �w�a�s� 

�u�n�c�h�a�n�g�e�d� �d�u�r�i�n�g� �w�a�r�m�-�u�p�,� �a�n�d� �t�h�u�s� �w�a�s� �1�5�%� �l�e�s�s� �t�h�a�n� �[�H�C�O�,� �]�,� 

�a�t� �t�h�i�s� �p�o�i�n�t�.� �I�t� �a�l�s�o� �w�a�s� �d�e�c�r�e�a�s�e�d� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� 

�a�n�d� �a�t� �R�e�c�-�5�.� �B�o�t�h� �a�r�t�e�r�i�a�l� �a�n�d� �v�e�n�o�u�s� �[�H�C�O�,�]� �r�e�t�u�r�n�e�d� �t�o� 

�r�e�s�t�i�n�g� �v�a�l�u�e�s� �a�t� �R�e�c�-�3�0�.� 

�C�h�a�n�g�e�s� �i�n� �H�c�t�,� �[�H�b�]�,� �a�n�d� �p�O�,�.�_� �C�h�a�n�g�e�s� �i�n� �H�c�t�,� �[�H�b�]�,� 

�a�n�d� �p�O�,� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.� �C�h�a�n�g�e�s� �i�n� �H�c�t� �c�o�r�r�e�s�p�o�n�d�e�d� 

�t�o� �a� �d�e�c�r�e�a�s�e� �o�f� �1�4�.�6�%� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e� 

�a�n�d� �a�n� �i�n�c�r�e�a�s�e� �o�f� �2�4�.�7�%� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e� �a�t� �R�e�c�-�3�0�.� �T�h�e�s�e� 

�c�a�l�c�u�l�a�t�i�o�n�s� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �H�c�t� �d�u�r�i�n�g� �t�h�e� 

�w�a�r�m�-�u�p� �i�s� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� �s�p�l�e�n�i�c� �c�o�n�t�r�a�c�t�i�o�n�,� �a�n�d� 

�s�u�b�s�e�q�u�e�n�t� �v�a�l�u�e�s� �f�o�r� �H�c�t� �a�r�e� �a�d�j�u�s�t�e�d� �a�c�c�o�r�d�i�n�g�l�y� �(�M�c�K�e�e�v�e�r� 

�e�t� �a�l�.�,� �1�9�9�3�)�.� �A� �g�r�e�a�t�e�r� �h�e�m�o�c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �a�r�t�e�r�i�a�l� �b�l�o�o�d� 

�t�h�a�n� �v�e�n�o�u�s� �b�l�o�o�d� �i�s� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �h�i�g�h�e�r� �v�a�l�u�e�s� �o�f� 

�[�H�b�]�,�,� �c�o�m�p�a�r�e�d� �t�o� �[�H�b�]�,�,� �d�u�r�i�n�g� �w�a�r�m�-�u�p� �a�n�d� �m�a�x�i�m�a�l� 

�e�x�e�r�c�i�s�e�.� �T�h�e� �p�a�O�,� �r�e�m�a�i�n�e�d� �a�t� �p�r�e�-�e�x�e�r�c�i�s�e� �l�e�v�e�l�s� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e�,� �b�u�t� �i�n�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)� �1�8�%� �a�t� �R�e�c� �5�.� �T�h�e� �p�v�0�O�,� 

�d�e�c�r�e�a�s�e�d� �(�P� �=� �.�0�0�0�1�)� �4�6�%� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� 

�t�o� �t�h�e� �r�e�s�t�i�n�g� �l�e�v�e�l� �a�t� �R�e�c� �5�.� 

�D�i�s�c�u�s�s�i�o�n� 

�I�n�d�i�v�i�d�u�a�l� �i�o�n�s�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �p�l�a�s�m�a� �[�N�a ��*�]� �a�t� �b�o�t�h� 

�s�i�t�e�s� �i�s� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� �t�h�e� �c�h�a�n�g�e� �i�n� �P�V� �-�-� �t�h�e� �l�o�s�s� �o�f� 
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�f�r�e�e� �w�a�t�e�r� �f�r�o�m� �t�h�e� �v�a�s�c�u�l�a�r� �c�o�m�p�a�r�t�m�e�n�t�,� �r�a�t�h�e�r� �t�h�a�n� �a�n� 

�a�d�d�i�t�i�o�n� �o�f� �N�a�*� �t�o� �t�h�e� �v�a�s�c�u�l�a�r� �c�o�m�p�a�r�t�m�e�n�t� �(�G�e�i�s�e�r� �e�t� �a�l�.�,� 

�1�9�9�2�)�.� �T�h�e� �g�r�e�a�t�e�r� �c�h�a�n�g�e� �i�n� �[�N�a�*�]�,� �r�e�l�a�t�i�v�e� �t�o� �a�r�t�e�r�i�a�l� 

�p�l�a�s�m�a� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �a� �l�a�r�g�e�r� �w�a�t�e�r� �l�o�s�s� �i�n� �v�e�n�o�u�s� �p�l�a�s�m�a�.� 

�I�n�c�r�e�a�s�e�s� �i�n� �p�l�a�s�m�a� �[�K�*�]� �a�t� �b�o�t�h� �s�i�t�e�s� �m�a�y� �b�e� �d�u�e� �i�n� �p�a�r�t� �t�o� 

�a� �d�e�c�r�e�a�s�e� �i�n� �P�V�,� �b�u�t� �K�*� �l�o�s�s� �f�r�o�m� �c�o�n�t�r�a�c�t�i�n�g� �m�u�s�c�l�e� �a�l�s�o� 

�c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�l�a�s�m�a� �(�L�i�n�d�i�n�g�e�r� �a�n�d� 

�S�j�o�g�a�a�r�d�,� �1�9�9�1�)�.� �A� �l�o�s�s� �o�f� �i�n�t�r�a�m�u�s�c�u�l�a�r� �K�*� �c�o�n�t�r�i�b�u�t�e�s� �a�s� 

�m�u�c�h� �a�s� �t�h�e� �g�a�i�n� �i�n� �i�n�t�r�a�m�u�s�c�u�l�a�r� �[�L�a�c ��]� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� 

�i�n�t�r�a�m�u�s�c�u�l�a�r� �[�H�*�]� �(�J�o�n�e�s�,� �1�9�9�0�)�.� �T�h�e� �g�r�e�a�t�e�r� �i�n�c�r�e�a�s�e� �i�n� 

�[�K�"�]�,� �m�a�y� �r�e�f�l�e�c�t� �s�h�i�f�t�s� �b�e�t�w�e�e�n� �t�h�e� �p�l�a�s�m�a� �a�n�d� �e�r�y�t�h�r�o�c�y�t�e� 

�c�o�m�p�a�r�t�m�e�n�t�s� �d�u�r�i�n�g� �c�i�r�c�u�l�a�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� �l�u�n�g� �a�n�d� �h�e�a�r�t�,� 

�a�n�d� �d�u�e� �t�o� �d�e�l�a�y� �i�n� �m�e�a�s�u�r�e�m�e�n�t�,� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �d�e�c�r�e�a�s�e�d� 

�[�K�*�]� �i�n� �t�h�e� �a�r�t�e�r�i�a�l� �s�a�m�p�l�e�s�.� 

�T�h�e� �c�h�a�n�g�e�s� �i�n� �p�l�a�s�m�a� �[�C�l ��]� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �a�t� �d�i�f�f�e�r�e�n�t� 

�s�i�t�e�s� �(�F�i�g�u�r�e� �1�)� �a�r�e� �e�v�i�d�e�n�c�e� �o�f� �t�h�e� �c�h�l�o�r�i�d�e� �s�h�i�f�t�,� �w�h�i�c�h� 

�h�a�s� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� �a�c�i�d�-�b�a�s�e� �b�a�l�a�n�c�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� 

�h�o�r�s�e�s� �(�C�a�r�l�s�o�n�,� �1�9�9�2�)�.� �T�h�e� �C�O�,� �p�r�o�d�u�c�e�d� �i�n� �w�o�r�k�i�n�g� �m�u�s�c�l�e� 

�d�i�f�f�u�s�e�s� �i�n�t�o� �b�l�o�o�d� �v�i�a� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t�,� �w�i�t�h� 

�m�i�n�i�m�a�l� �h�y�d�r�a�t�i�o�n� �t�o� �[�H�C�O�,�]� �i�n� �t�h�e� �p�l�a�s�m�a� �d�u�e� �t�o� �a� �l�o�w� 

�l�e�v�e�l� �o�f� �t�h�e� �e�n�z�y�m�e�,� �c�a�r�b�o�n�i�c� �a�n�h�y�d�r�a�s�e�.� �T�h�i�s� �e�n�z�y�m�e� �i�s� 

�f�o�u�n�d� �i�n� �t�h�e� �e�r�y�t�h�r�o�c�y�t�e�,� �w�h�e�r�e� �t�h�e� �C�O�,� �q�u�i�c�k�l�y� �c�o�m�b�i�n�e�s� 

�w�i�t�h� �w�a�t�e�r� �t�o� �f�o�r�m� �H�*� �a�n�d� �H�C�O�,�.� �T�h�e� �H�*� �p�r�o�d�u�c�e�d� �c�o�m�b�i�n�e� 

�w�i�t�h� �H�b�,� �a�n�d� �t�h�e� �H�C�O�,� �e�n�t�e�r�s� �t�h�e� �v�e�n�o�u�s� �p�l�a�s�m�a� �i�n� �e�x�c�h�a�n�g�e� 

�f�o�r� �C�l�°�.� �T�h�i�s� �e�x�p�l�a�i�n�s� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �[�H�C�O�,� �]�,�,� �a�n�d� �t�h�e� 

�r�e�d�u�c�t�i�o�n� �i�n� �[�C�l�]�,� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�i�t�h� �m�i�n�i�m�a�l� �s�i�g�n�s� �o�f� 
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�s�w�e�a�t�i�n�g�.� �T�h�i�s� �p�r�o�c�e�s�s� �i�s� �r�e�v�e�r�s�e�d� �i�n� �t�h�e� �l�u�n�g�,� �w�i�t�h� �C�O�,� 

�b�e�i�n�g� �e�x�p�i�r�e�d�,� �a�n�d� �H�b� �b�i�n�d�i�n�g� �t�o� �0�,�.� �T�h�e� �H�*� �l�i�b�e�r�a�t�e�d� �f�r�o�m� 

�H�b� �r�e�a�c�t� �w�i�t�h� �H�C�O�,� �f�r�o�m� �p�l�a�s�m�a�,� �w�h�i�c�h� �e�n�t�e�r�s� �t�h�e� 

�e�r�y�t�h�r�o�c�y�t�e� �i�n� �e�x�c�h�a�n�g�e� �f�o�r� �C�l �� �l�e�a�v�i�n�g� �t�h�e� �c�e�l�l�,� �r�e�s�u�l�t�i�n�g� 

�i�n� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �[�C�l�°�]�,�,� �a�n�d� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �[�H�C�O�,�]�,�.� 

�M�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �C�l �� �i�o�n�s� �b�e�t�w�e�e�n� �p�l�a�s�m�a� 

�a�n�d� �e�r�y�t�h�r�o�c�y�t�e�s� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �c�h�l�o�r�i�d�e� �s�h�i�f�t� �i�n� 

�f�i�s�h� �(�C�a�m�e�r�o�n�,� �1�9�7�8�)� �a�n�d� �b�e�a�r�s� �(�B�r�i�x� �e�t� �a�l�.�,� �1�9�9�0�)� �a�i�d�s� �i�n� 

�e�x�c�r�e�t�i�o�n� �o�f� �C�O�,�,� �a�n�d� �m�a�y� �d�i�r�e�c�t�l�y� �f�a�c�i�l�i�t�a�t�e� �u�n�l�o�a�d�i�n�g� �o�f� 

�o�x�y�g�e�n� �f�r�o�m� �h�e�m�o�g�l�o�b�i�n�.� 

�T�h�e� �i�n�c�r�e�a�s�e�s� �i�n� �b�l�o�o�d� �[�L�a�c�]� �a�t� �b�o�t�h� �s�i�t�e�s� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �a�r�e� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� �l�a�c�t�a�t�e� �e�f�f�l�u�x� �f�r�o�m� 

�c�o�n�t�r�a�c�t�i�n�g� �m�u�s�c�l�e� �i�n�t�o� �p�l�a�s�m�a� �a�n�d� �e�r�y�t�h�r�o�c�y�t�e�s�,� �w�h�i�c�h� �h�a�v�e� 

�b�e�e�n� �p�r�o�p�o�s�e�d� �a�s� �a� �"�s�i�n�k�"� �f�o�r� �L�a�c� �d�u�r�i�n�g� �i�n�t�e�n�s�e� �e�x�e�r�c�i�s�e� 

�i�n� �h�u�m�a�n�s� �(�K�o�w�a�l�c�h�u�k� �e�t� �a�l�.�,� �1�9�8�8�)� �a�n�d� �h�o�r�s�e�s� �(�F�e�r�r�a�n�t�e� �e�t� 

�a�l�.�,� �1�9�9�4�)�.� �T�h�e� �g�r�e�a�t�e�r� �i�n�c�r�e�a�s�e� �i�n� �[�L�a�c�]�,� �r�e�l�a�t�i�v�e� �t�o� 

�[�L�a�c ��]�,� �h�a�s� �b�e�e�n� �f�o�u�n�d� �p�r�e�v�i�o�u�s�l�y� �i�n� �p�l�a�s�m�a� �o�f� �e�x�e�r�c�i�s�i�n�g� 

�h�o�r�s�e�s� �(�H�a�r�r�i�s� �a�n�d� �S�n�o�w�,� �1�9�8�8�)�,� �a�n�d� �m�a�y� �b�e� �d�u�e� �t�o� 

�d�i�l�u�t�i�o�n�a�l� �e�f�f�e�c�t�s� �f�r�o�m� �b�l�o�o�d� �m�i�x�i�n�g� �a�t� �t�h�e� �v�e�n�o�u�s� �s�a�m�p�l�i�n�g� 

�l�o�c�a�t�i�o�n� �w�i�t�h� �d�r�a�i�n�a�g�e� �f�r�o�m� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �i�n�a�c�t�i�v�e� �h�e�a�d� �a�n�d� 

�n�e�c�k�,� �w�h�i�c�h� �w�o�u�l�d� �h�a�v�e� �a� �l�o�w�e�r� �[�L�a�c ��]� �t�h�a�n� �b�l�o�o�d� �d�r�a�i�n�i�n�g� 

�t�h�e� �h�i�n�d� �e�n�d�.� �T�h�e�r�e� �i�s� �a�l�s�o� �e�v�i�d�e�n�c�e� �t�h�a�t� �h�e�a�r�t� �p�r�o�d�u�c�e�s� 

�a�n�d� �c�o�n�s�u�m�e�s� �L�a�c� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �h�u�m�a�n�s� 

�w�h�e�n� �m�y�o�c�a�r�d�i�a�l� �b�l�o�o�d� �f�l�o�w� �c�h�a�n�g�e�s�,� �a�n�d� �t�h�e� �[�L�a�c�]� �r�i�s�e�s� 

�a�b�o�v�e� �r�e�s�t�i�n�g� �l�e�v�e�l�s� �(�S�t�a�n�l�e�y�,� �1�9�9�1�)�.� 
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�E�f�f�e�c�t�s� �o�f� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �o�n� �[�H�*�]� �a�n�d� �[�H�C�O�,�-�]�-� 

�A�l�t�h�o�u�g�h� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �p�C�O�,� �a�n�d� �p�O�,� �w�e�r�e� �e�x�p�e�c�t�e�d� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�t�r�o�n�g� �i�o�n�s�,� 

�[�S�I�D�]�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �t�h�e�s�e� �c�h�a�n�g�e�s� �h�a�d� �o�n� �[�H�*�]� �a�n�d� �[�H�C�O�,� �]� 

�a�t� �t�h�e� �t�w�o� �s�i�t�e�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �h�a�v�e� �n�o�t� �b�e�e�n� �p�r�e�v�i�o�u�s�l�y� 

�d�o�c�u�m�e�n�t�e�d� �i�n� �h�o�r�s�e�s�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� �[�S�I�D�]� �a�l�o�n�e� �(�i�n�c�r�e�a�s�e� 

�i�n� �s�t�r�o�n�g� �b�a�s�i�c� �c�a�t�i�o�n�s�)� �r�e�s�u�l�t�s� �i�n� �a� �r�e�d�u�c�t�i�o�n� �o�f� �[�H�"�]�,� �a�n�d� 

�a�n� �i�n�c�r�e�a�s�e� �i�n� �[�H�C�O�,�]� �t�o� �m�a�i�n�t�a�i�n� �e�l�e�c�t�r�o�n�e�u�t�r�a�l�i�t�y� 

�(�S�t�e�w�a�r�t�,� �1�9�8�1�)�.� �A�l�b�u�m�i�n�,� �w�h�i�c�h� �c�o�m�p�r�i�s�e�s� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� 

�[�A�,�.�.�]� �i�n� �h�o�r�s�e�s�,� �i�s� �i�m�p�o�r�t�a�n�t� �i�n� �a�c�i�d�-�b�a�s�e� �b�a�l�a�n�c�e� �f�o�r� �i�t ��s� 

�b�u�f�f�e�r�i�n�g� �a�b�i�l�i�t�y� �(�R�o�s�s�i�n�g� �e�t� �a�l�.�,� �1�9�8�6�)�.� �T�h�e� �p�r�o�t�e�i�n� 

�s�t�r�u�c�t�u�r�e� �i�n�c�l�u�d�e�s� �i�o�n�i�z�a�b�l�e� �g�r�o�u�p�s� �a�n�d� �s�i�d�e� �c�h�a�i�n�s�,� �s�u�c�h� �a�s� 

�h�i�s�t�i�d�i�n�e�,� �t�h�a�t� �h�a�v�e� �d�i�s�s�o�c�i�a�t�i�o�n� �c�o�n�s�t�a�n�t�s� �s�u�i�t�a�b�l�e� �f�o�r� 

�b�u�f�f�e�r�i�n�g� �b�l�o�o�d�.� �H�i�s�t�i�d�i�n�e� �d�i�s�s�o�c�i�a�t�i�o�n� �i�n�f�l�u�e�n�c�e�s� �t�h�e� 

�c�h�a�r�g�e� �s�t�a�t�e� �a�n�d� �p�H�-�d�e�p�e�n�d�e�n�t� �f�u�n�c�t�i�o�n�s� �o�f� �p�r�o�t�e�i�n�s�,� �a�n�d� 

�p�r�o�t�e�c�t�s� �t�h�e�i�r� �i�n�t�e�g�r�i�t�y� �f�r�o�m� �i�n�c�r�e�a�s�e�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e� 

�(�N�a�t�t�i�e�,� �1�9�9�0�)�.� �C�h�a�n�g�e�s� �i�n� �[�S�I�D�]� �m�a�y� �a�l�s�o� �a�c�t� �d�i�r�e�c�t�l�y� �o�n� 

�c�e�n�t�r�a�l� �c�h�e�m�o�r�e�c�e�p�t�o�r�s� �t�o� �a�l�t�e�r� �v�e�n�t�i�l�a�t�i�o�n� �a�n�d� �m�a�i�n�t�a�i�n� 

�[�H�*�]� �i�n� �r�e�l�a�t�i�o�n� �t�o� �p�r�o�t�e�i�n� �d�i�s�s�o�c�i�a�t�i�o�n� �(�J�e�n�n�i�n�g�s�,� �1�9�9�3�)�.� 

�A�n� �i�n�c�r�e�a�s�e�d� �[�A�,�,�,�]�,� �a�s� �e�s�t�i�m�a�t�e�d� �b�y� �[�A�l�b�]�,� �i�n�c�r�e�a�s�e�s� �t�h�e� 

�a�m�o�u�n�t� �o�f� �a�n�i�o�n�,� �c�a�u�s�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �[�H�*�]�,� �a�n�d� �a� �d�e�c�r�e�a�s�e� 

�i�n� �[�H�C�O�,�]� �(�R�o�s�s�i�n�g� �e�t� �a�l�.�,� �1�9�8�6�)�.� �A�n� �i�n�c�r�e�a�s�e�d� �p�C�O�,� �c�a�u�s�e�s� 

�i�n�c�r�e�a�s�e�s� �i�n� �b�o�t�h� �[�H�*�] �� �a�n�d� �[�H�C�O�,�]�.� 

�I�n�c�r�e�a�s�e�s� �i�n� �m�i�x�e�d� �v�e�n�o�u�s� �[�A�l�b�]� �a�n�d� �p�C�O�,� �c�o�n�t�r�i�b�u�t�e�d� �t�o� 

�t�h�e� �i�n�c�r�e�a�s�e�d� �[�H�*�]�,�,� �o�v�e�r�w�h�e�l�m�i�n�g� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �i�n�c�r�e�a�s�e�d� 

�[�S�I�D�]�,�,� �w�h�i�c�h� �w�a�s� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� �[�N�a�*�]�,�,� �[�K�"�]�,�,� �a�n�d� �[�L�a�c ��]�,�,� 
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�a�n�d� �d�e�c�r�e�a�s�e�d� �[�C�l�]�,� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� �m�i�x�e�d� �v�e�n�o�u�s� �[�S�I�D�]� �a�n�d� 

�p�c�o�,� �a�l�s�o� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �[�H�C�O�,�]�,�.� �T�h�e� 

�i�n�c�r�e�a�s�e� �i�n� �[�A�l�b�]�,� �a�n�d� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �[�S�I�D�]�,�,� �d�u�e� �t�o� �t�h�e� 

�g�r�e�a�t�e�r� �i�n�c�r�e�a�s�e�s� �i�n� �[�L�a�c ��]�,� �a�n�d� �[�C�l�]�,� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� 

�s�t�r�o�n�g� �i�o�n�s�,� �w�o�u�l�d� �c�o�n�t�r�i�b�u�t�e� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �a�r�t�e�r�i�a�l� �p�H� 

�a�n�d� �[�H�C�O�,� �J�.� �A�l�t�h�o�u�g�h� �t�h�e� �c�o�n�c�o�m�i�t�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �p�a�c�o�,� 

�e�n�h�a�n�c�e�d� �t�h�e� �d�e�c�l�i�n�e� �i�n� �[�H�C�O�,�]�,�,� �i�t� �h�a�d� �a� �g�r�e�a�t�e�r� �i�n�f�l�u�e�n�c�e� 

�o�n� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �p�H�,�.� 

�T�h�i�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �d�e�m�o�n�s�t�r�a�t�e�s� �h�o�w� �a� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 

�a�p�p�r�o�a�c�h� �t�o� �a�c�i�d�-�b�a�s�e� �e�v�a�l�u�a�t�i�o�n� �c�a�n� �b�e� �m�o�r�e� �u�s�e�f�u�l� �t�h�a�n� �t�h�e� 

�c�l�a�s�s�i�c�a�l� �a�p�p�r�o�a�c�h� �o�f� �e�x�a�m�i�n�i�n�g� �o�n�l�y� �c�h�a�n�g�e�s� �i�n� �p�H� �a�n�d� 

�[�H�C�O�,�]�,� �w�h�i�c�h� �a�r�e� �d�e�p�e�n�d�e�n�t� �u�p�o�n�,� �a�n�d� �w�i�l�l� �c�h�a�n�g�e� �i�n� 

�r�e�l�a�t�i�o�n� �t�o� �e�a�c�h� �o�t�h�e�r�.� �B�o�t�h� �a�p�p�r�o�a�c�h�e�s� �a�r�e� �v�a�l�i�d�,� �b�u�t� �i�f� 

�t�h�e�r�e� �i�s� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �p�C�O�,�,� �t�h�e�n� �s�o�m�e� �r�e�s�p�o�n�s�e�s� �m�a�y� �b�e� 

�o�b�s�c�u�r�e�d�.� �C�h�a�n�g�e�s� �i�n� �e�i�t�h�e�r� �[�H�C�O�,�]� �o�r� �b�a�s�e� �e�x�c�e�s�s� �b�y� 

�t�h�e�m�s�e�l�v�e�s� �c�a�n�n�o�t� �d�i�f�f�e�r�e�n�t�i�a�t�e� �b�e�t�w�e�e�n� �p�o�s�s�i�b�l�e� �s�o�u�r�c�e�s� �o�f� 

�n�o�n�-�r�e�s�p�i�r�a�t�o�r�y� �a�c�i�d�-�b�a�s�e� �d�i�s�t�u�r�b�a�n�c�e�s� �(�F�e�n�c�l� �a�n�d� �L�e�i�t�h�,� 

�1�9�9�3�)�.� �I�t� �i�s� �a�l�s�o� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �[�C�l�°�]�,� �[�S�I�D�]�,� �a�n�d� 

�p�C�O�,� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �a�t� �t�h�e� �t�w�o� �s�i�t�e�s�,� �a�n�d� �t�h�e�i�r� �i�n�f�l�u�e�n�c�e� 

�u�p�o�n� �p�H� �a�n�d� �[�H�C�O�,�]� �w�a�s� �e�v�i�d�e�n�t� �a�t� �b�o�t�h� �s�i�t�e�s�.� �T�h�e� 

�b�i�c�a�r�b�o�n�a�t�e� �b�u�f�f�e�r� �a�p�p�r�o�a�c�h� �w�o�u�l�d� �h�a�v�e� �a�l�s�o� �r�e�v�e�a�l�e�d� �a�n� 

�a�r�t�e�r�i�a�l� �"�m�e�t�a�b�o�l�i�c� �a�c�i�d�o�s�i�s�"� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �[�H�C�O�,�7�]� 

�a�l�o�n�e�,� �b�u�t� �t�h�i�s� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �c�o�n�f�o�u�n�d�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�e� 

�i�n� �p�H�,�,� �w�h�i�c�h� �w�a�s� �d�u�e� �t�o� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �a� �d�e�c�r�e�a�s�e� 

�i�n� �b�o�t�h� �[�S�I�D�]�,� �a�n�d� �p�a�C�O�,�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �i�n�v�o�l�v�i�n�g� �t�h�e� 

�[�H�C�O�,�]� �w�o�u�l�d� �h�a�v�e� �i�n�c�o�r�r�e�c�t�l�y� �i�n�d�i�c�a�t�e�d� �a� �v�e�n�o�u�s� �m�e�t�a�b�o�l�i�c� 
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�a�c�i�d�o�s�i�s� �a�t� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�,� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �v�e�n�o�u�s� 

�m�e�t�a�b�o�l�i�c� �a�l�k�a�l�o�s�i�s� �a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�e�d� �[�S�I�D�]�,�.� 

�T�h�e� �c�h�a�n�g�e�s� �i�n� �[�S�I�D�]�,� �w�e�r�e� �o�p�p�o�s�e�d� �b�y� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �p�v�C�o�,� 

�a�n�d� �[�A�l�b�]�,�,� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �p�H�,�.� 

�C�h�a�n�g�e�s� �i�n� �H�c�t�,� �[�H�b�]�,� �a�n�d� �p�O�,� �-�_� �T�h�e� �i�n�c�r�e�a�s�e�s� �i�n� �b�l�o�o�d� 

�H�c�t� �a�n�d� �H�b� �a�t� �t�h�e� �o�n�s�e�t� �o�f� �e�x�e�r�c�i�s�e� �a�r�e� �d�u�e� �p�r�i�m�a�r�i�l�y� �t�o� �t�h�e� 

�m�o�b�i�l�i�z�a�t�i�o�n� �o�f� �s�p�l�e�n�i�c� �e�r�y�t�h�r�o�c�y�t�e�s� �(�P�e�r�s�s�o�n�,� �1�9�7�3�)�,� �a�n�d� �a� 

�s�m�a�l�l� �p�a�r�t� �i�s� �d�u�e� �t�o� �d�e�c�r�e�a�s�e�s� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e� �(�M�c�K�e�e�v�e�r� �e�t� 

�a�l�.�,� �1�9�9�3�)�.� �M�o�b�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �s�p�l�e�n�i�c� �r�e�s�e�r�v�e� �c�a�n� 

�i�n�c�r�e�a�s�e� �t�h�e� �o�x�y�g�e�n� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �b�l�o�o�d� 

�S�i�g�n�i�f�i�c�a�n�t�l�y�,� �a�n�d� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �h�o�r�s�e ��s� �a�b�i�l�i�t�y� �t�o� 

�t�o�l�e�r�a�t�e� �l�o�n�g�e�r� �p�e�r�i�o�d�s� �o�f� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�.� 

�T�h�e� �h�i�g�h� �p�a�O�,� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �s�p�r�i�n�t�s� �5� �a�n�d� �6� �i�n� 

�t�h�i�s� �s�t�u�d�y� �h�a�s� �b�e�e�n� �s�e�e�n� �p�r�e�v�i�o�u�s�l�y� �p�r�i�m�a�r�i�l�y� �d�u�r�i�n�g� �l�o�w� 

�i�n�t�e�n�s�i�t�y� �o�r� �m�o�d�e�r�a�t�e� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s�.� �E�x�e�r�c�i�s�i�n�g� �h�o�r�s�e�s� 

�t�y�p�i�c�a�l�l�y� �s�h�o�w� �a� �s�l�i�g�h�t� �i�n�i�t�i�a�l� �i�n�c�r�e�a�s�e� �i�n� �p�a�O�,�,� �w�h�i�c�h� 

�s�u�b�s�e�q�u�e�n�t�l�y� �f�a�l�l�s�,� �a�n�d� �T�h�o�r�o�u�g�h�b�r�e�d�s� �u�n�d�e�r�g�o�i�n�g� �r�e�p�e�a�t�e�d� 

�s�p�r�i�n�t� �e�x�e�r�c�i�s�e� �e�x�h�i�b�i�t�e�d� �a� �4�5�%� �d�e�c�r�e�a�s�e� �i�n� �p�a�O�,� �a�t� �t�h�e� �e�n�d� 

�o�f� �e�x�e�r�c�i�s�e� �(�B�u�t�l�e�r� �e�t� �a�l�.�,� �1�9�9�3�)�.� �T�h�i�s� �r�e�s�p�o�n�s�e� �m�a�y� �b�e� 

�s�o�m�e�w�h�a�t� �u�n�i�q�u�e� �t�o� �t�h�e� �A�r�a�b�i�a�n� �h�o�r�s�e�,� �a�s� �t�h�i�s� �b�r�e�e�d� �s�e�e�m�s� �t�o� 

�h�a�v�e� �a�n� �i�n�c�r�e�a�s�e�d� �a�e�r�o�b�i�c� �c�a�p�a�c�i�t�y�,� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �l�o�w�e�r� 

�l�a�c�t�a�t�e� �a�c�c�u�m�u�l�a�t�i�o�n� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �(�W�i�c�k�l�e�r� �a�n�d� �T�r�o�y�,� 

�1�9�9�1�;� �M�c�C�o�l�l�u�m� �e�t� �a�l�.�,� �1�9�9�3�)�,� �a�n�d� �a� �h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� 

�o�x�i�d�a�t�i�v�e� �m�u�s�c�l�e� �f�i�b�e�r�s� �(�R�i�v�e�r�o� �e�t� �a�l�.�,� �1�9�9�3�)�.� 
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�L�i�t�e�r�a�t�u�r�e� �C�i�t�e�d� 

�B�r�i�x�,� �O�.�,� �T�h�o�m�s�e�n�,� �B�.�,� �N�u�u�t�i�n�i�n�,� �M�.�,� �H�a�k�a�l�a�,� �A�.�,� �P�u�d�a�s�,� �J�.� 
�a�n�d� �G�i�a�r�d�i�n�a�,� �B�.� �(�1�9�9�0�)� �T�h�e� �c�h�l�o�r�i�d�e� �s�h�i�f�t� �m�a�y� �f�a�c�i�l�i�t�a�t�e� 
�o�x�y�g�e�n� �l�o�a�d�i�n�g� �a�n�d� �u�n�l�o�a�d�i�n�g� �t�o�/�f�r�o�m� �t�h�e� �h�e�m�o�g�l�o�b�i�n� �f�r�o�m� 
�t�h�e� �b�r�o�w�n� �b�e�a�r�.� �C�o�m�p�.� �B�i�o�c�h�e�m�.� �P�h�y�s�i�o�l�.� �9�5�B�,� �8�6�5�-�8�6�8�.� 

�B�u�t�l�e�r�,� �P�.�,� �W�o�a�k�e�s�,� �A�.�,� �S�m�a�l�e�,� �K�.�,� �R�o�b�e�r�t�s�,� �C�.�,� �H�i�l�l�i�d�g�e�,� 
�C�.�,� �S�n�o�w�,� �D�.� �a�n�d� �M�a�t�l�i�n�,� �D�.� �(�1�9�9�3�)� �R�e�s�p�i�r�a�t�o�r�y� �a�n�d� 
�c�a�r�d�i�o�v�a�s�c�u�l�a�r� �a�d�j�u�s�t�m�e�n�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �o�f� �i�n�c�r�e�a�s�i�n�g� 
�i�n�t�e�n�s�i�t�y� �a�n�d� �d�u�r�i�n�g� �r�e�c�o�v�e�r�y� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �r�a�c�e�h�o�r�s�e�s�.� 
�J�.� �E�x�p�.� �B�i�o�l�.� �1�7�9�,� �1�5�9�-�1�8�0�.� 

�C�a�m�e�r�o�n�,� �J�.�N�.� �(�1�9�7�8�)� �C�h�l�o�r�i�d�e� �s�h�i�f�t� �i�n� �f�i�s�h� �b�l�o�o�d�.� �J�.� �E�x�p� 
�Z�o�o�l�.� �2�0�6�,� �2�8�9�-�2�9�5�.� 

�C�a�r�l�s�o�n�,� �G�.�P�.� �(�1�9�9�2�)� �A�c�i�d�-�b�a�s�e� �a�l�t�e�r�a�t�i�o�n�s� �i�n� �h�o�r�s�e�s� �d�u�r�i�n�g� 
�t�r�e�a�d�m�i�l�l� �e�x�e�r�c�i�s�e�.� �T�h�e� �E�q�u�i�n�e� �A�t�h�l�e�t�e� �5�,� �1�-�4�.� 

�C�a�r�i�s�o�n�,� �G�.�P�.� �(�1�9�8�7�)� �H�e�m�a�t�o�l�o�g�y� �a�n�d� �b�o�d�y� �f�l�u�i�d�s� �i�n� �t�h�e� 
�e�q�u�i�n�e� �a�t�h�l�e�t�e�:� �a� �r�e�v�i�e�w�.� �I�n�:� �E�q�u�i�n�e� �E�x�e�r�c�i�s�e� �P�h�y�s�i�o�l�o�g�y� 
�2�.� �E�d�.� �J�.�R� �G�i�l�l�e�s�p�i�e� �a�n�d� �N�.�R�.� �R�o�b�i�n�s�o�n�.� �I�C�E�E�P� 
�P�u�b�l�i�c�a�t�i�o�n�s�,� �D�a�v�i�s�,� �C�a�l�i�f�o�r�n�i�a�,� �p�p� �3�9�3�-�4�2�5�.� 

�C�o�h�e�n�,� �N�.�D�.�,� �R�o�u�s�s�e�l�,� �A�.�J�.�,� �L�u�m�s�d�e�n�,� �J�.�H�.�,� �C�o�h�e�n�,� �A�.�C�.�,� 
�G�r�i�f�t�,� �E�.� �a�n�d� �L�e�w�i�s�,� �C�.� �(�1�9�9�3�)� �A�l�t�e�r�a�t�i�o�n�s� �o�f� �f�l�u�i�d� �a�n�d� 
�e�l�e�c�t�r�o�l�y�t�e� �b�a�l�a�n�c�e� �i�n� �t�h�o�r�o�u�g�h�b�r�e�d� �r�a�c�e�h�o�r�s�e�s� �f�o�l�l�o�w�i�n�g� 
�s�t�r�e�n�u�o�u�s� �e�x�e�r�c�i�s�e� �d�u�r�i�n�g� �t�r�a�i�n�i�n�g�.� �C�a�n� �J�.� �V�e�t�.� �R�e�s�.� �5�7�,� 
�9�-�1�3�.� 

�F�e�n�c�l�,� �V�.� �a�n�d� �L�e�i�t�h�,� �D�.�E�.� �(�1�9�9�3�)� �S�t�e�w�a�r�t ��s� �q�u�a�n�t�i�t�a�t�i�v�e� 
�a�c�i�d�-�b�a�s�e� �c�h�e�m�i�s�t�r�y�:� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �b�i�o�l�o�g�y� �a�n�d� 
�m�e�d�i�c�i�n�e�.� �R�e�s�p�i�r�.� �P�h�y�s�i�o�l�.� �9�1�,� �1�-�1�6�.� 

�F�e�r�r�a�n�t�e�,� �P�.�L�.�,� �T�a�y�l�o�r�,� �L�.�E�.�,� �W�i�l�s�o�n�,� �J�.�A�.� �a�n�d� �K�r�o�n�f�e�l�d�,� 
�D�.�S�.� �(�1�9�9�4�)� �E�r�y�t�h�r�o�c�y�t�e�s� �i�n�t�e�r�a�c�t� �w�i�t�h� �s�t�r�o�n�g� �i�o�n�s� �d�u�r�i�n�g� 
�r�e�p�e�a�t�e�d� �s�p�r�i�n�t� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s�.� �P�r�o�c�.� �I�C�E�E�P� �4�,� 
�Q�u�e�e�n�s�l�a�n�d�,� �A�u�s�t�r�a�l�i�a�.� 

�G�e�i�s�e�r�,� �D�.�R�.�,� �A�n�d�r�e�w�s�,� �F�.�,� �S�o�m�m�e�r�d�a�h�l�,� �C�.�,� �W�h�i�t�e�,� �S�.�,� 
�M�a�y�k�u�t�h�,� �P�.� �a�n�d� �Y�o�u�n�g�e�r�,� �M�.�S�.� �(�1�9�9�2�)� �E�l�e�c�t�r�o�l�y�t�e� �a�n�d� 
�a�c�i�d�-�b�a�s�e� �c�h�a�n�g�e�s� �i�n� �c�o�m�b�i�n�e�d� �t�r�a�i�n�i�n�g� �h�o�r�s�e�s� �a�f�t�e�r� �t�h�e� 
�c�r�o�s�s� �c�o�u�n�t�r�y� �e�v�e�n�t�.� �P�r�o�c�.� �1�0 �� �A�C�V�I�M� �F�o�r�u�m�,� �S�a�n� �D�i�e�g�o�,� 
�C�A�,� �p�p� �5�5�7�-�5�5�9�.� 

�H�a�r�r�i�s�,� �P�.� �a�n�d� �S�n�o�w�,� �D�.�H�.� �(�1�9�8�8�)� �T�h�e� �e�f�f�e�c�t�s� �o�f� �h�i�g�h� 
�i�n�t�e�n�s�i�t�y� �e�x�e�r�c�i�s�e� �o�n� �t�h�e� �p�l�a�s�m�a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 
�l�a�c�t�a�t�e�,� �p�o�t�a�s�s�i�u�m� �a�n�d� �o�t�h�e�r� �e�l�e�c�t�r�o�l�y�t�e�s�.� �E�q�u�i�n�e� �v�e�t�.� �J�.� 
�2�0�,� �1�0�9�-�1�1�3�.� 
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�H�e�i�g�e�n�h�a�u�s�e�r�,� �G�.�J�.�F�.�,� �J�o�n�e�s�,� �N�.�L�.�,� �K�o�w�a�l�c�h�u�k�,� �J�.�M�.� �a�n�d� 
�L�i�n�d�i�n�g�e�r�,� �M�.�I�.� �(�1�9�9�0�)� �T�h�e� �r�o�l�e� �o�f� �t�h�e� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 
�s�y�s�t�e�m�s� �i�n� �p�l�a�s�m�a� �i�n� �a�c�i�d�-�b�a�s�e� �c�o�n�t�r�o�l� �i�n� �e�x�e�r�c�i�s�e�.� �I�n�:� 
�B�i�o�c�h�e�m�i�s�t�r�y� �o�f� �E�x�e�r�c�i�s�e� �V�I�I�,� �E�d�.� �A�.�W�.� �T�a�y�l�o�r�,� �P�.�D�.� 
�G�o�l�l�n�i�c�k�,� �H�.�J�.� �G�r�e�e�n�,� �C�.�D�.� �I�a�n�u�z�z�o�,� �E�.�G�.� �N�o�b�l�e�,� �G�.� 
�M�e�t�e�v�i�e�r� �a�n�d� �J�.�R�.� �S�u�t�t�o�n�.� �H�u�m�a�n� �K�i�n�e�t�i�c�s� �P�u�b�l�i�s�h�e�r�s�,� 
�C�h�a�m�p�a�i�g�n�,� �I�L�,� �p�p� �3�7�5�-�3�8�6�.� 

�J�e�n�n�i�n�g�s�,� �D�.�B�.� �(�1�9�9�3�)� �B�r�e�a�t�h�i�n�g� �f�o�r� �p�r�o�t�e�i�n� �f�u�n�c�t�i�o�n� �a�n�d� 
�(�H�*�]� �h�o�m�e�o�s�t�a�s�i�s�.� �R�e�s�p�i�r�.� �P�h�y�s�i�o�l�.� �9�3�,� �1�-�1�2�.� 

�J�o�n�e�s�,� �N�.�L�.� �(�1�9�9�0�)� �[�H�*�]� �c�o�n�t�r�o�l� �i�n� �e�x�e�r�c�i�s�e�:� �c�o�n�c�e�p�t�s� �a�n�d� 
�c�o�n�t�r�o�v�e�r�s�i�e�s�.� �I�n�:� �B�i�o�c�h�e�m�i�s�t�r�y� �o�f� �E�x�e�r�c�i�s�e� �V�I�I�,� �E�d�.� �A�.�W�.� 
�T�a�y�l�o�r�,� �P�.�D�.� �G�o�l�l�n�i�c�k�,� �H�.�J�.� �G�r�e�e�n�,� �C�.�D�.� �I�a�n�u�z�z�o�,� �E�.�G�.� 
�N�o�b�l�e�,� �G�.� �M�e�t�e�v�i�e�r� �a�n�d� �J�.�R�.� �S�u�t�t�o�n�.� �H�u�m�a�n� �K�i�n�e�t�i�c�s� 
�P�u�b�l�i�s�h�e�r�s�,� �C�h�a�m�p�a�i�g�n�,� �I�L�,� �p�p� �3�3�3�-�3�3�9�.� 

�K�o�w�a�l�c�h�u�k�,� �J�.�M�.�,� �H�e�i�g�e�n�h�a�u�s�e�r�,� �G�.�J�.�F�.�,� �L�i�n�d�i�n�g�e�r�,� �M�.�I�.�,� 
�S�u�t�t�o�n�,� �J�.�R�.� �a�n�d� �J�o�n�e�s�,� �N�.�L�.� �(�1�9�8�8�)� �F�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�i�n�g� 
�h�y�d�r�o�g�e�n� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �m�u�s�c�l�e� �a�f�t�e�r� �i�n�t�e�n�s�e� 
�e�x�e�r�c�i�s�e�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�5�,� �2�0�8�0�-�2�0�8�9�.� 

�L�i�n�d�i�n�g�e�r�,� �M�.�I�.� �a�n�d� �S�j�o�g�a�a�r�d�,� �G�.� �(�1�9�9�1�)� �P�o�t�a�s�s�i�u�m� �r�e�g�u�l�a�t�i�o�n� 
�d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �a�n�d� �r�e�c�o�v�e�r�y�.� �S�p�o�r�t�s� �M�e�d�i�c�i�n�e�,� �1�1�,� �3�8�2�-� 
�4�0�1�.� 

�M�a�i�n�w�o�o�d�,� �G�.�W�.� �a�n�d� �R�e�n�a�u�d�,� �J�.�M�.� �(�1�9�8�5�)� �T�h�e� �e�f�f�e�c�t� �o�f� �a�c�i�d�-� 
�b�a�s�e� �b�a�l�a�n�c�e� �o�n� �f�a�t�i�g�u�e� �o�f� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e�.� �C�a�n�.� �J�.� 
�P�h�y�s�i�o�l�.� �P�h�a�r�m�a�c�o�l�.� �6�3�,� �4�0�3�-�4�1�6�.� 

�M�c�C�o�l�l�u�m�,� �D�.�,� �M�i�l�l�e�r�-�G�r�a�b�e�r�,� �P�.�,� �K�o�l�t�e�r�m�a�n�,� �T�.�,� �M�a�r�t�i�n�e�z�,� �T�.� 
�a�n�d� �S�h�a�r�p�,� �R�.� �(�1�9�9�3�)� �T�h�e� �m�e�t�a�b�o�l�i�c� �r�e�s�p�o�n�s�e� �t�o� �e�x�e�r�c�i�s�e� 
�a�n�d� �c�o�n�d�i�t�i�o�n�i�n�g�:� �a� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �A�r�a�b�i�a�n�s� �a�n�d� 
�Q�u�a�r�t�e�r� �H�o�r�s�e�s�.� �P�r�o�c�.� �1�3� �E�q�u�i�n�e� �N�u�t�r�.� �P�h�y�s�i�o�l�.� �S�y�m�p�.� 
�G�a�i�n�e�s�v�i�l�l�e�,� �F�L�.� �p�p� �2�0�5�-�2�1�0�.� 

�M�c�K�e�e�v�e�r�,� �K�.�H�.�,� �H�i�n�c�h�c�l�i�f�f�,� �K�.�W�.�,� �R�e�e�d�,� �S�.�M�.� �a�n�d� �R�o�b�e�r�t�s�o�n�,� 
�J�.�T�.� �(�1�9�9�3�)� �R�o�l�e� �o�f� �d�e�c�r�e�a�s�e�d� �p�l�a�s�m�a� �v�o�l�u�m�e� �i�n� �h�e�m�a�t�o�c�r�i�t� 
�a�l�t�e�r�a�t�i�o�n�s� �d�u�r�i�n�g� �i�n�c�r�e�m�e�n�t�a�l� �t�r�e�a�d�m�i�l�l� �e�x�e�r�c�i�s�e� �i�n� 
�h�o�r�s�e�s�.� �A�m�.� �J�.� �P�h�y�s�i�o�l�.� �2�6�5�,� �R�4�0�4�-�R�4�0�8�.� 

�N�a�t�t�i�e�,� �E�.�E�.�,� �(�1�9�9�0�)� �T�h�e� �a�l�p�h�a�s�t�a�t� �h�y�p�o�t�h�e�s�i�s� �i�n� �r�e�s�p�i�r�a�t�o�r�y� 
�c�o�n�t�r�o�l� �a�n�d� �a�c�i�d�-�b�a�s�e� �b�a�l�a�n�c�e�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�9�,� 
�1�2�0�1�-�1�2�0�7�.� 

�P�e�r�s�s�o�n�,� �S�.�G�.�B�.�,� �E�l�k�m�a�n�,� �L�.�,� �L�y�d�e�n�,� �G�.� �a�n�d� �T�u�f�v�e�s�s�o�n�,� �G�.� 
�(�1�9�7�3�)� �C�i�r�c�u�l�a�t�o�r�y� �e�f�f�e�c�t�s� �o�f� �s�p�l�e�n�e�c�t�o�m�y� �i�n� �t�h�e� �h�o�r�s�e� �I�:� 
�e�f�f�e�c�t� �o�n� �r�e�d�-�c�e�l�l� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �v�a�r�i�a�b�i�l�i�t�y� �o�f� 
�h�a�e�m�a�t�o�c�r�i�t� �i�n� �t�h�e� �p�e�r�i�p�h�e�r�a�l� �b�l�o�o�d�.� �J�Z�e�t�r�a�l�b�.� 
�V�e�t�e�r�i�n�a�r�m�e�d� �[�A�]� �2�0�,� �4�4�1�-�4�4�5�.� 
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�R�i�v�e�r�o�,� �J�.�,� �S�e�r�r�a�n�o�,� �A�.�,� �H�e�n�c�k�e�l�,� �P�.� �a�n�d� �A�q�u�e�r�r�a�,� �E�.� �(�1�9�9�3�)� 
�M�u�s�c�l�e� �f�i�b�e�r� �t�y�p�e� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �f�i�b�e�r� �s�i�z�e� �i�n� 
�s�u�c�e�s�s�f�u�l�l�y� �a�n�d� �u�n�s�u�c�e�s�s�f�u�l�l�y� �e�n�d�u�r�a�n�c�e�-�r�a�c�e�d� �h�o�r�s�e�s�.� �J�.� 
�A�p�p�l�.� �P�h�y�s�i�o�l�.� �7�5�(�4�)�,� �1�7�5�8�-�1�7�6�6�.� 

�R�o�s�s�i�n�g�,� �T�.�H�.�,� �M�a�f�f�e�o�,� �N�.� �a�n�d� �F�e�n�c�l�,� �V�.� �(�1�9�8�6�)� �A�c�i�d�-�b�a�s�e� 
�e�f�f�e�c�t�s� �o�f� �a�l�t�e�r�i�n�g� �p�l�a�s�m�a� �p�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �h�u�m�a�n� 
�b�l�o�o�d� �i�n� �v�i�t�r�o�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�1�,� �2�2�6�0�-�2�2�6�5�.� 

�S�A�S�,� �1�9�8�8�.� �S�A�S�/�S�T�A�T�®� �U�s�e�r ��s� �G�u�i�d�e�:� �S�t�a�t�i�s�t�i�c�s� �(�R�e�l�e�a�s�e� 
�6�.�0�3�)�.� �S�A�S� �I�n�s�t�.� �I�n�c�.�,� �C�a�r�y�,� �N�C�.� 

�S�t�a�n�l�e�y�,� �W�.�C�.� �(�1�9�9�1�)� �M�y�o�c�a�r�d�i�a�l� �l�a�c�t�a�t�e� �m�e�t�a�b�l�o�i�s�m�.� �M�e�d�i�c�i�n�e� 
�a�n�d� �S�c�i�e�n�c�e� �i�n� �S�p�o�r�t�s� �a�n�d� �E�x�e�r�c�i�s�e� �2�3�,� �9�2�0�-�9�2�4�.� 

�S�t�e�w�a�r�t�,� �P�.�A�.� �(�1�9�8�1�)� �H�o�w� �t�o� �U�n�d�e�r�s�t�a�n�d� �A�c�i�d�-�B�a�s�e�.� �E�l�s�e�v�i�e�r�.� 
�N�o�r�t�h� �H�o�l�l�a�n�d�,� �I�n�c�.� �N�e�w� �Y�o�r�k�,� �N�.�Y�.� 

�S�t�e�w�a�r�t�,� �P�.�A�.� �(�1�9�8�3�)� �M�o�d�e�r�n� �q�u�a�n�t�i�t�a�t�i�v�e� �a�c�i�d�-�b�a�s�e� 
�c�h�e�m�i�s�t�r�y�.� �C�a�n� �J�.� �P�h�y�s�i�o�l�.� �P�h�a�r�m�a�c�o�l�.� �6�1�,� �1�4�4�4�-�1�4�6�1�.� 

�T�a�t�e�,� �L�.�P�.�,� �C�o�r�b�e�t�t�,� �W�.�T�.�,� �F�o�r�e�m�a�n�,� �J�.�H�.�,� �B�i�s�h�o�p�,� �B�.�J�.� �a�n�d� 
�S�w�e�e�n�y�,� �C�.�L�.� �(�1�9�9�3�)� �I�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �o�f� �e�x�e�r�c�i�s�i�n�g� 
�T�h�o�r�o�u�g�h�b�r�e�d�s� �t�o� �d�e�t�e�r�m�i�n�e� �b�l�o�o�d� �g�a�s� �t�e�n�s�i�o�n�s� �a�n�d� 
�a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s�.� �V�e�t�.� �S�u�r�g�e�r�y�,� �2�2�,� �1�7�1�-�1�7�6�.� 

�W�i�c�k�l�e�r�,� �S�.� �a�n�d� �T�r�o�y�,� �W�.� �(�1�9�9�1�)� �B�l�o�o�d� �v�o�l�u�m�e�,� �l�a�c�t�a�t�e� �a�n�d� 
�c�o�r�t�i�s�o�l� �i�n� �e�x�e�r�c�i�s�i�n�g� �a�r�a�b�i�a�n� �e�q�u�i�t�a�t�i�o�n� �h�o�r�s�e�s�.� �I�n�:� 
�E�q�u�i�n�e� �E�x�e�r�c�i�s�e� �P�h�y�s�i�o�l�o�g�y� �3�.� �E�d�.� �S�.� �P�e�r�s�s�o�n�,� �A�.� 
�L�i�n�d�h�o�l�m�,� �a�n�d� �L�.� �J�e�f�f�c�o�t�t�.� �I�C�E�E�P� �P�u�b�.�,� �D�a�v�i�s� �C�A�.� �p�p� �3�9�7�-� 
�4�0�1�.� 
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�T�A�B�L�E� �1�:� �R�e�p�e�a�t�e�d� �s�p�r�i�n�t� �e�x�e�r�c�i�s�e� �t�e�s�t� �p�r�o�t�o�c�o�l� 

� � 

� � 

�T�i�m�e� �(�m�i�n�)� �T�r�e�a�d�m�i�l�l� �T�r�e�a�d�m�i�l�l� 

�S�l�o�p�e� �(�3�%�)� �S�p�e�e�d� �(�m�/�s�e�c�)� �G�a�i�t� 

�W�a�r�m� �-� �u�p� �s�e�q�u�e�n�c�e�:� 

�5� �0� �1�.�6� �W�a�l�k� 

�5� �6� �3�.�5� �T�r�o�t� 

�1� �6� �1�.�6� �W�a�l�k� 

�R�e�p�e�a�t�e�d� �s�p�r�i�n�t� �s�e�q�u�e�n�c�e� �(�6� �r�e�p�e�t�i�t�i�o�n�s�)�:� 

�1� �6� �1�0�.�0� �G�a�l�l�o�p� 

�0�.�5� �6� �3�.�5� �T�r�o�t� 

�3�.�5� �6� �1�.�6� �W�a�l�k� 

�R�e�c�o�v�e�r�y� �s�e�q�u�e�n�c�e�:� 

�3�0� �0� �1�.�6� �W�a�l�k� 

� � 
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�T�A�B�L�E� �2�.� �S�t�r�o�n�g� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �a�r�t�e�r�i�a�l� �(�A�)� �a�n�d� 

�c�e�n�t�r�a�l� �v�e�n�o�u�s� �(�V�)� �p�l�a�s�m�a� �a�t� �r�e�s�t�,� �a�t� �t�h�e� �e�n�d� �o�f� �w�a�r�m�-�u�p� �a�n�d� 

�m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�,� �a�n�d� �5� �(�R�e�c� �5�)� �a�n�d� �3�0� �(�R�e�c� �3�0�)� �m�i�n� �o�f� �a� 

�w�a�l�k�i�n�g� �r�e�c�o�v�e�r�y� �p�e�r�i�o�d� �(�l�s�m�e�a�n�s�,� �n� �=� �7�)� 

� � 

�[�L�o�n�]� 

�(�m�E�q�/�L�)�:� 

�[�N�a�*�]� 

�[�K�*�]� 

�[�c�l� �]� 

�[�L�a�c� �]�*� 

�R�e�s�t� �W�a�r�m�-�u�p� �M�a�x� �R�e�c� �5� �R�e�c� �3�0� 

�S�i�t�e�:� 

�A� �1�3�6�.�5�%� �1�3�6�.�4�%� �1�3�8�.�3�"� �1�3�5�.�6�5� �1�3�6�.�2�3� 

�V� �1�3�6�.�8�%� �1�3�8�.�0�5� �1�4�1�.�0�°� �1�3�5�.�9�4� �1�3�6�.�3�3� 

�S�E� �0�.�1� �0�.�2� �0�.�3� �0�.�2� �0�.�3� 

�A� �3�.�8�4�?� �5�.�0�1�°� �5�.�3�6�%� �3�.�9�3�9� �3�.�7�6�3� 

�V� �3�.�8�6�?� �5�.�0�6� �5�.�7�5�°� �3�.�9�6�4� �3�.�7�5�3� 

�S�E� �0�.�0�1� �0�.�0�4� �0�.�0�8� �0�.�0�2� �0�.�0�4� 

�A� �9�5�.�7�%� �9�6�.�9�%� �9�7�.�2�%� �9�4�.�8�%� �9�4�.�8�%� 

�V� �9�3�.�7�4� �9�2�.�4�5� �9�0�.�3�°� �9�2�.�5�5� �9�2�.�4� 

�S�E� �0�.�4�9� �0�.�2�1� �0�.�3�3� �0�.�5�1� �0�.�3�6� 

�A� �0�.�4�0�9�%� �0�.�3�6�5�%� �5�.�5�5�%� �3�.�5�0�°� �0�.�7�9�6�4� 

�V� �0�.�4�0�9�9� �0�.�3�8�1�%� �5�.�3�1�%� �3�.�3�6�°� �0�.�7�8�1�4� 

�S�E� �0�.�0�0�6� �0�.�0�2�1� �0�.�0�8� �0�.�0�4� �0�.�0�1� 

� � 

 ��.�+�.�¢�-�d�M�e�a�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �a�r�e� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� 

 ��S�i�t�e�s� �a�r�e� �d�i�f�f�e�r�e�n�t�;� �*�[�L�a�c ��]� �i�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �w�h�o�l�e� �b�l�o�o�d� 
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�T�A�B�L�E� �3�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n� 

�a�r�t�e�r�i�a�l� �(�A�)� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �(�V�)� �p�l�a�s�m�a� �a�t� �r�e�s�t�,� �a�t� �t�h�e� 

�e�n�d� �o�f� �w�a�r�m�-�u�p� �a�n�d� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�,� �a�n�d� �a�t� �5� �(�R�e�c� �5�)� �a�n�d� �3�0� 

�(�R�e�c� �3�0�)� �m�i�n� �o�f� �a� �w�a�l�k�i�n�g� �r�e�v�o�v�e�r�y� �p�e�r�i�o�d� �(�l�s�m�e�a�n�s�,� �n� �=� �7�)� 

� � 

�R�e�s�t� �W�a�r�m�-�u�p� �M�a�x� �R�e�c� �5� �R�e�c� 

�3�0� �V�a�r�i�a�b�l�e�:� �S�i�t�e�:� 

�p�c�o�,� �A� �4�2�.�0�5�%� �3�7�.�2�4�"� �2�9�.�1�2�%� �3�1�.�6�7�%� �4�0�.�2�6 �� 

�(�m�m�H�g�)� �V�o� �4�8�.�1�4�7� �8�5�3�.�2�1� �5�0�.�7�2� �3�9�.�7�8�%� �4�5�.�5�1�°� 

�S�E� �0�.�6� �0�.�5� �0�.�8� �0�.�3� �0�.�6� 

�[�S�I�D�]�?� �B�R� �4�4�.�2�4�%� �4�4�.�1�4�%� �4�0�.�8�9�%� �4�1�.�6�6�%� �4�4�.�3�7�%� 

�(�m�E�q�/�L�)� �V�o� �4�6�.�5�5�%� �5�0�.�1�8�5� �5�0�.�9�3�2� �4�3�.�9�4�5� �4�6�.�8�3�?� 

�S�E� �0�.�5� �0�.�4� �0�.�4� �0�.�4� �0�.�5� 

�[�A�l�b�]�*�*� �A� �3�.�1�2�3� �3�.�2�6�6� �3�.�4�5�°� �3�.�3�0�5� �3�.�1�1�?� 

�(�m�g�/�d�L�)� �V�v� �3�.�1�9�2� �3�.�3�7�5� �3�.�4�6�%� �3�.�2�8�°� �3�.�0�4�°� 

�S�E� �0�.�0�3� �0�.�0�6� �0�.�0�5� �0�.�0�4� �0�.�0�7� 

� � 

�a�b�.�¢�.�d�¢�M�e�a�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �a�r�e� 

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r�;� 

 ��S�i�t�e�s� �a�r�e� �d�i�f�f�e�r�e�n�t�;� �*�[�S�I�D�]� �i�s� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e�;� 

 ��T�A�l�b�]� �i�s� �a�l�b�u�m�i�n� 
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�T�A�B�L�E� �4�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n� 

�a�r�t�e�r�i�a�l� �(�A�)� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �(�V�)� �p�l�a�s�m�a� �a�t� �r�e�s�t�,� �a�t� �t�h�e� 

�e�n�d� �o�f� �w�a�r�m�-�u�p� �a�n�d� �m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�,� �a�n�d� �a�t� �5� �(�R�e�c� �5�)� �a�n�d� �3�0� 

�(�R�e�c� �3�0�)� �m�i�n� �o�f� �a� �w�a�l�k�i�n�g� �r�e�c�o�v�e�r�y� �p�e�r�i�o�d� �(�l�s�m�e�a�n�s�,� �n� �=� �7�)� 

� � 

�R�e�s�t� �W�a�r�m�-�u�p� �M�a�x� �R�e�c� �5� �R�e�c� 

�3�0� �V�a�r�i�a�b�l�e�:� �S�i�t�e�:� 

�[�H�*�]� �A� �3�7�.�9�%� �3�3�.�8� �3�3�.�5�5�%� �3�6�.�2�%� �3�6�.�3�%� 

�(�n�m�o�l�/�L�)� �V�o� �4�1�.�0�%� �4�1�.�3�3� �4�3�.�4�°� �3�9�.�8�°� �3�6�.�2�9� 

�S�E� �0�.�3�4� �0�.�4�6� �0�.�9�4� �0�.�5�1� �0�.�3�8� 

�[�H�C�c�O�,� �]�*� �A� �2�6�.�4�8�%� �2�6�.�5�8�%�"� �2�1�.�3�3�"� �2�1�.�4�6�"� �2�6�.�5�1�%� 

�(�m�m�o�l�/�L�)� �V� �2�8�.�0�3�%� �3�0�.�6�9� �2�8�.�5�4�°� �2�4�.�1�5�4� �2�8�.�1�8�°� 

�S�E� �0�.�2�3� �0�.�2�5� �0�.�2�8� �0�.�3�2� �0�.�3�3� 

� � 

 ��b�.�c�-�d�v�e�a�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�u�p�e�r�s�c�r�i�p�t�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �a�r�e� 

�d�i�f�f�e�r�e�n�t�;�  ��s�i�t�e�s� �d�i�f�f�e�r�;� �*�[�H�C�O�,� �]� �i�s� �b�i�c�a�r�b�.� �c�o�n�c�e�n�t�r�a�t�i�o�n�;� 

�7�0



�T�A�B�L�E� �5�.� �A�r�t�e�r�i�a�l� �(�A�)� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �(�V�)� �b�l�o�o�d� 

�h�e�m�a�t�o�c�r�i�t� �(�H�c�t�)� �a�n�d� �h�e�m�o�g�l�o�b�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�b�]�)�,� �a�n�d� 

�p�l�a�s�m�a� �p�O�,� �a�t� �r�e�s�t�,� �a�t� �t�h�e� �e�n�d� �o�f� �w�a�r�m�-�u�p� �a�n�d� �m�a�x�i�m�a�l� 

�e�x�e�r�c�i�s�e�,� �a�n�d� �a�t� �5� �(�R�e�c� �5�)� �a�n�d� �3�0� �(�R�e�c� �3�0�)� �m�i�n� �o�f� �a� �w�a�l�k�i�n�g� 

�r�e�c�o�v�e�r�y� �p�e�r�i�o�d� �(�l�s�m�e�a�n�s�,� �n� �=� �7�)� 

� � 

�R�e�s�t� �W�a�r�m�-�u�p� �M�a�x� �R�e�c� �5� �R�e�c� 
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�p�o�,� �A� �9�6�.�8�7�%� �1�0�1�.�3�5� �9�7�.�7�1�%�"� �1�1�8�.�2�9�%� �9�4�.�6�6� 
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�W� �S�p�r� �6� �R�5� �R�3�0� 

�S�a�m�p�l�e� 

�F�I�G�U�R�E� �2�.� �C�o�n�t�r�i�b�u�t�i�o�n� �o�f� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �i�n�d�i�v�i�d�u�a�l� �i�o�n�s� �t�o� 
�c�h�a�n�g�e�s� �f�r�o�m� �r�e�s�t� �i�n� �[�S�I�D�]� �d�u�r�i�n�g� �w�a�r�m�-�u�p� �(�W�)� �a�n�d� �s�p�r�i�n�t�i�n�g� 
�e�x�e�r�c�i�s�e� �(�S� �6�)�,� �a�n�d� �a�t� �5� �(�R� �5�)� �a�n�d� �3�0� �(�R� �3�0�)� �m�i�n� �o�f� �a� �w�a�l�k�i�n�g� 
�r�e�c�o�v�e�r�y� �p�e�r�i�o�d� �(�L�a�c� �=� �l�a�c�t�a�t�e�;� �C�l� �=� �c�h�l�o�r�i�d�e�;� �K� �=� �p�o�t�a�s�s�i�u�m�;� �N�a� 
�=� �s�o�d�i�u�m�;� �S�I�D� �=� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e�,� �n� �=� �7�)� 
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�J�o�u�r�n�a�l� �A�r�t�i�c�l�e� �2�.� �E�f�f�e�c�t�s� �o�f� �S�p�r�i�n�t� �T�r�a�i�n�i�n�g� �a�n�d� �a� 

�L�e�c�i�t�h�i�n�/�C�o�r�n� �O�i�l� �D�i�e�t� �D�u�r�i�n�g� �I�n�t�e�r�m�i�t�t�e�n�t� �E�x�e�r�c�i�s�e� �i�n� 

�A�r�a�b�i�a�n� �H�o�r�s�e�s� �I�:� �A�r�t�e�r�i�a�l� �a�n�d� �C�e�n�t�r�a�l� �V�e�n�o�u�s� �A�c�i�d�-�b�a�s�e� 

�B�a�l�a�n�c�e� 

�A�B�S�T�R�A�C�T� 

�E�i�g�h�t� �A�r�a�b�i�a�n� �h�o�r�s�e�s� �w�e�r�e� �u�s�e�d� �i�n� �a� �c�r�o�s�s�o�v�e�r� �d�e�s�i�g�n� 

�w�i�t�h� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �t�o� �s�t�u�d�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�e�c�i�t�h�i�n� �a�n�d� 

�t�r�a�i�n�i�n�g� �o�n� �a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s�.� �B�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� 

�a�r�t�e�r�i�a�l� �(�A�)� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �(�V�)� �s�i�t�e�s�,� �a�n�d� �p�l�a�s�m�a� �[�H�" ��]�,� 

�p�c�o�,�,� �p�o�O�,�,� �a�l�b�u�m�i�n� �(�[�A�l�b�]�)� �a�n�d� �s�t�r�o�n�g� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�(�{�N�a�*�]�,� �[�K�t�]�,� �[�C�l�°�]�}�,� �a�n�d� �b�l�o�o�d� �l�a�c�t�a�t�e� �(�[�L�a�c ��]�)�,� �a�n�d� 

�h�e�m�o�g�l�o�b�i�n� �(�[�H�b�]�)� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �m�e�a�s�u�r�e�d�.� �S�t�r�o�n�g� �i�o�n� 

�d�i�f�f�e�r�e�n�c�e� �(�{�S�I�D�]�)� �a�n�d� �b�i�c�a�r�b�o�n�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�C�O�,�]�)� �w�e�r�e� 

�c�a�l�c�u�l�a�t�e�d�,� �a�n�d� �p�l�a�s�m�a� �t�o�t�a�l� �w�e�a�k� �a�c�i�d� �(�[�A�,�,�,�]�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d�.� 

�D�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� �b�e�t�w�e�e�n� �s�i�t�e�s� �f�o�r� �[�H�"�]�,� �p�C�O�,�,� �p�o�,�,� 

�[�H�C�O�,� �]�,� �[�N�a�*�]�,� �[�C�l�°�]�,� �[�S�I�D�]�,� �a�n�d� �[�H�b�]�.� �E�x�e�r�c�i�s�e� �i�n�c�r�e�a�s�e�d� 

�p�l�a�s�m�a� �[�H�"�]�,�,� �p�v�C�O�,�,� �p�a�O�,�,� �[�H�C�O�,�]�,�,� �[�C�l�]�,�,� �[�S�I�D�]�,�,� �a�n�d� �b�l�o�o�d� 

�[�L�a�c ��]� �a�n�d� �[�H�b�]�,� �a�n�d� �p�l�a�s�m�a� �[�K�*�]�,� �[�N�a ��]�,� �[�A�.�J�]�,� �a�n�d� �[�A�l�b�]� �a�t� 

�b�o�t�h� �s�i�t�e�s�.� �E�x�e�r�c�i�s�e� �d�e�c�r�e�a�s�e�d� �p�l�a�s�m�a� �[�H�"�]�,�,� �p�a�C�O�,�,� �p�v�0�,�,� 

�[�H�C�O�,�]�,�,� �[�C�l� �]�,�,� �a�n�d� �[�S�I�D�]�,�.� �T�r�a�i�n�i�n�g� �i�n�c�r�e�a�s�e�d� �r�e�s�p�o�n�s�e�s� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �f�o�r� �[�H�b�]�,�,� �a�r�t�e�r�i�a�l� �a�n�d� �m�i�x�e�d� �v�e�n�o�u�s� �[�N�a ��]�,� 

�[�K�*�]�,� �a�n�d� �[�A�l�b�]�,� �a�n�d� �d�e�c�r�e�a�s�e�d� �r�e�s�p�o�n�s�e�s� �f�o�r� �[�C�l�'�]�,�,� �a�n�d� 

�a�r�t�e�r�i�a�l� �a�n�d� �m�i�x�e�d� �v�e�n�o�u�s� �[�L�a�c�]�.� �H�o�r�s�e�s� �c�o�n�s�u�m�i�n�g� �t�h�e� 
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�l�e�c�i�t�h�i�n�-�s�u�p�p�l�e�m�e�n�t�e�d� �d�i�e�t� �h�a�d� �h�i�g�h�e�r� �p�v�C�O�,�,� �[�H�C�O�,�]�,� �a�n�d� �[�C�l�]�,� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �l�o�w�e�r� �b�l�o�o�d� �[�L�a�c ��]�,� �a�n�d� �[�H�*�]� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� 

�a�n�d� �h�i�g�h�e�r� �p�l�a�s�m�a� �[�H�"�]�,� �d�u�r�i�n�g� �r�e�c�o�v�e�r�y�.� 

�I�N�D�E�X�I�N�G� �K�E�Y� �W�O�R�D�S�:� 

�a�c�i�d�-�b�a�s�e�,� �e�x�e�r�c�i�s�e�,� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e�,� �h�o�r�s�e�s�,� �l�e�c�i�t�h�i�n�,� 

�t�r�a�i�n�i�n�g� 
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�I�n�t�r�o�d�u�c�t�i�o�n� 

�I�n�c�r�e�a�s�e�d� �d�i�e�t�a�r�y� �f�a�t� �c�o�m�b�i�n�e�d� �w�i�t�h� �s�p�r�i�n�t� �t�r�a�i�n�i�n�g� �h�a�s� �b�e�e�n� 

�f�o�u�n�d� �t�o� �i�n�f�l�u�e�n�c�e� �a�c�i�d�-�b�a�s�e� �v�a�r�i�a�b�l�e�s� �(�T�a�y�l�o�r� �e�t� �a�l�.�,� �1�9�9�4�a�)�,� 

�i�n�c�r�e�a�s�e� �b�l�o�o�d� �l�a�c�t�a�t�e� �a�c�c�u�m�u�l�a�t�i�o�n� �(�F�e�r�r�a�n�t�e� �e�t� �a�l�.�,� �1�9�9�3�)�,� 

�a�n�d� �a�f�f�e�c�t� �t�h�e� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e� �s�a�r�c�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� �i�n� 

�h�o�r�s�e�s� �(�W�i�l�s�o�n� �e�t� �a�l�.�,� �1�9�9�5�)� �d�u�r�i�n�g� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t�s�.� �S�o�y� 

�l�e�c�i�t�h�i�n�s�,� �w�h�i�c�h� �a�r�e� �p�r�e�d�o�m�i�n�a�n�t�l�y� �p�h�o�s�p�h�a�t�i�d�y�l�c�h�o�l�i�n�e�,� �h�a�v�e� 

�p�o�t�e�n�t�i�a�l� �f�o�r� �i�m�p�r�o�v�i�n�g� �m�e�n�t�a�l� �f�u�n�c�t�i�o�n� �(�M�a�u�r�o�n� �a�n�d� �L�e�a�t�h�w�o�o�d�,� 

�1�9�8�7�)�,� �a�n�d� �a�f�f�e�c�t�i�n�g� �t�r�i�g�l�y�c�e�r�i�d�e� �d�i�g�e�s�t�i�b�i�l�t�y� �(�J�e�n�k�i�n�s� �a�n�d� 

�F�o�t�o�u�h�i�,� �1�9�8�9�)�,� �a�n�d� �r�e�s�p�o�n�s�e�s� �t�o� �e�x�e�r�c�i�s�e�,� �i�n�c�l�u�d�i�n�g� �m�u�s�c�l�e� 

�c�o�n�t�r�a�c�t�i�o�n� �(�C�o�n�l�a�y� �e�t� �a�l�.�,� �1�9�9�2�;� �v�o�n� �A�l�l�w�o�r�d�e�n� �e�t� �a�l�.�,� �1�9�9�3�)�.� 

�O�r�a�l� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �c�h�o�l�i�n�e� �a�n�d� �l�e�c�i�t�h�i�n� �i�n� �h�u�m�a�n�s� �h�a�s� 

�p�r�e�v�e�n�t�e�d� �t�h�e� �e�x�e�r�c�i�s�e�-�a�s�s�o�c�i�a�t�e�d� �d�r�o�p� �i�n� �p�l�a�s�m�a� �c�h�o�l�i�n�e� �a�n�d� 

�M�a�y� �i�m�p�r�o�v�e� �e�n�d�u�r�a�n�c�e� �c�a�p�a�c�i�t�y� �(�H�i�r�s�c�h� �e�t� �a�l�,�.� �1�9�7�8�;� �S�a�n�d�a�g�e� 

�e�t� �a�l�.�,� �1�9�9�2�)�.� 

�M�a�n�y� �s�t�u�d�i�e�s� �m�e�a�s�u�r�i�m�g� �b�l�o�o�d� �g�a�s�e�s� �a�n�d� �s�t�r�o�n�g� �i�o�n�s� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �i�n� �t�h�e� �h�o�r�s�e� �h�a�v�e� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �o�n� �p�o�n�i�e�s� �(�P�a�r�k�s� �a�n�d� 

�M�a�n�o�h�a�r�,� �1�9�8�4�;� �F�o�r�s�t�e�r� �e�t� �a�l�.�,� �1�9�9�0�)�,� �a�n�d� �T�h�o�r�o�u�g�h�b�r�e�d�s� 

�(�L�i�t�t�l�e�j�o�h�n� �a�n�d� �S�n�o�w�,� �1�9�8�8�;� �R�o�s�e� �e�t� �a�l�.�,� �1�9�9�0�)�,� �b�u�t� �t�h�e�r�e� �a�r�e� 

�a�t� �p�r�e�s�e�n�t� �n�o� �s�i�m�i�l�a�r� �s�t�u�d�i�e�s� �i�n� �t�h�e� �A�r�a�b�i�a�n� �h�o�r�s�e�,� �w�h�i�c�h� �i�s� 

�u�s�e�d� �p�r�i�m�a�r�i�l�y� �f�o�r� �e�n�d�u�r�a�n�c�e� �e�x�e�r�c�i�s�e�.� �T�h�e�r�e� �i�s� �e�v�i�d�e�n�c�e� �t�h�a�t� 

�t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �b�r�e�e�d� �d�i�f�f�e�r�s� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �f�r�o�m� �o�t�h�e�r�s� �i�n� 

�m�u�s�c�l�e� �m�e�t�a�b�o�l�i�s�m� �a�n�d� �r�e�s�p�o�n�s�e�s� �t�o� �e�x�e�r�c�i�s�e� �(�S�n�o�w� �a�n�d� �G�u�y�,� 

�1�9�8�0�;� �M�c�C�o�l�l�u�m� �e�t� �a�l�.�,� �1�9�9�3�)�.� �D�a�t�a� �o�n� �s�i�m�u�l�t�a�n�e�o�u�s� �c�h�a�n�g�e�s� �i�n� 

�a�r�t�e�r�i�a�l� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �b�l�o�o�d� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �a�n�d� �r�e�c�o�v�e�r�y� 
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�i�s� �l�i�m�i�t�e�d�,� �b�u�t� �m�a�y� �b�e� �i�m�p�o�r�t�a�n�t� �w�h�e�n� �e�x�a�m�i�n�i�n�g� �a�c�i�d�-�b�a�s�e� 

�b�a�l�a�n�c�e� �(�C�a�r�l�s�o�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� �A� �p�r�e�v�i�o�u�s� �s�t�u�d�y� �o�n� �A�r�a�b�i�a�n� 

�h�o�r�s�e�s� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t�s� �o�n� �a�c�i�d�-�b�a�s�e� 

�s�t�a�t�u�s� �a�n�d� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �(�T�a�y�l�o�r� �e�t� 

�a�l�.�,� �1�9�9�4�b�)�.� �T�h�e� �p�r�e�s�e�n�t� �r�e�p�o�r�t� �e�x�t�e�n�d�s� �t�h�e� �s�t�u�d�y� �t�o� �i�n�c�l�u�d�e� 

�t�h�e� �e�f�f�e�c�t�s� �o�f� �s�p�r�i�n�t� �t�r�a�i�n�i�n�g� �a�n�d� �s�u�p�p�l�e�m�e�n�t�a�l� �l�e�c�i�t�h�i�n�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�A�n�i�m�a�l�s�.� �E�i�g�h�t� �A�r�a�b�i�a�n� �h�o�r�s�e�s�,� �s�i�x� �g�e�l�d�i�n�g�s� �a�n�d� �t�w�o� �m�a�r�e�s�,� 

�a�g�e� �5� �t�o� �7� �y� �w�e�r�e� �u�s�e�d� �i�n� �a� �r�a�n�d�o�m�i�z�e�d� �s�w�i�t�c�h�b�a�c�k� �d�e�s�i�g�n� �w�i�t�h� 

�r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s�.� �T�h�e�y� �w�e�i�g�h�e�d� �4�0�3� �+� �1�2� �k�g� �(�m�e�a�n� �+� �S�E�)�,� �a�n�d� 

�h�a�d� �b�e�e�n� �p�r�e�v�i�o�u�s�l�y� �s�p�r�i�n�t�-�t�r�a�i�n�e�d� �t�w�i�c�e� �w�e�e�k�l�y� �f�o�r� �8� �w�k� �o�n�a� 

�M�u�s�t�a�n�g� �2�2�0�0� �h�i�g�h� �s�p�e�e�d� �t�r�e�a�d�m�i�l�l� �(�K�a�g�r�a� �A�G� �M�u�s�t�a�n�g� �2�2�0�0�,� 

�S�w�i�t�z�e�r�l�a�n�d�)�.� �E�a�c�h� �h�o�r�s�e� �h�a�d� �i�t�s� �r�i�g�h�t� �c�a�r�o�t�i�d� �a�r�t�e�r�y� 

�r�e�l�o�c�a�t�e�d� �t�o� �a� �s�u�b�-�c�u�t�a�n�e�o�u�s� �p�o�s�i�t�i�o�n� �a�t� �l�e�a�s�t� �2� �m�o�n�t�h�s� �p�r�i�o�r� 

�t�o� �t�h�e� �s�t�a�r�t� �o�f� �c�o�n�d�i�t�i�o�n�i�n�g�.� �H�o�r�s�e�s� �w�e�r�e� �h�o�u�s�e�d� �a�n�d� �f�e�d� 

�i�n�d�i�v�i�d�u�a�l�l�y� �i�n� �b�o�x� �s�t�a�l�l�s� �(�8�.�5� �m�*�)� �a�t� �n�i�g�h�t�,� �a�n�d� �h�o�u�s�e�d� 

�t�o�g�e�t�h�e�r� �i�n� �a� �d�i�r�t� �p�a�d�d�o�c�k� �(�6�0� �x� �7�8� �m�)� �d�u�r�i�n�g� �t�h�e� �d�a�y�,� �w�h�e�r�e� 

�w�a�t�e�r� �a�n�d� �t�r�a�c�e�-�m�i�n�e�r�a�l�i�z�e�d� �s�a�l�t� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �a�d� �l�i�b�i�t�u�m�.� 

�H�o�r�s�e�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �l�a�m�e�n�e�s�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �(�T�a�y�l�o�r� �e�t� 

�a�l�.�,� �1�9�9�4�b�)�,� �a�n�d� �e�x�e�r�c�i�s�e�d� �t�w�i�c�e� �w�e�e�k�l�y� �o�n� �t�h�e� �t�r�e�a�d�m�i�l�l� �t�o� 

�M�a�i�n�t�a�i�n� �a� �d�e�s�i�r�a�b�l�e� �l�e�v�e�l� �o�f� �f�i�t�n�e�s�s� �(�T�a�b�l�e� �1�)�.� �T�h�i�s� 

�p�r�o�t�o�c�o�l� �w�a�s� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �U�n�i�v�e�r�s�i�t�y ��s� �a�n�i�m�a�l� �c�a�r�e� 

�c�o�m�m�i�t�t�e�e�.� 
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�D�i�e�t�s�.� �H�o�r�s�e�s� �w�e�r�e� �r�a�n�d�o�m�l�y� �a�s�s�i�g�n�e�d� �t�o� �o�n�e� �o�f� �t�w�o� �t�o�t�a�l� 

�m�i�x�e�d� �r�a�t�i�o�n�s�:� �a� �c�o�n�t�r�o�l� �d�i�e�t� �(�C�O�N�)� �c�o�n�s�i�s�t�i�n�g� �o�f� �c�h�o�p�p�e�d� �h�a�y�,� 

�c�o�r�n�,� �c�r�i�m�p�e�d� �o�a�t�s�,� �s�o�y�b�e�a�n� �m�e�a�l�,� �b�e�e�t� �p�u�l�p�,� �a�n�d� �m�o�l�a�s�s�e�s� �(�n� 

�=� �4�)�,� �o�r� �a�n� �i�s�o�c�a�l�o�r�i�c� �a�m�o�u�n�t� �o�f� �a� �s�i�m�i�l�a�r� �d�i�e�t� �(�n� �=� �4�)� 

�c�o�n�t�a�i�n�i�n�g� �1�4�%� �f�a�t� �(�C�O�/�L�E�C�)� �i�n� �t�h�e� �f�o�r�m� �o�f� �5�0�%� �c�o�r�n� �o�i�l� �a�n�d� 

�5�0�%� �l�e�c�i�t�h�i�n� �(�T�a�b�l�e� �2�)�.� �D�i�e�t�s� �w�e�r�e� �f�e�d� �i�n�i�t�i�a�l�l�y� �a�t� �2�%� �o�f� 

�b�o�d�y�w�e�i�g�h�t�,� �w�e�r�e� �f�o�r�m�u�l�a�t�e�d� �t�o� �m�e�e�t� �o�r� �e�x�c�e�e�d� �m�o�d�e�r�a�t�e� �w�o�r�k� �i�n� 

�h�o�r�s�e�s� �(�N�R�C�,� �1�9�8�9�)�,� �a�n�d� �w�e�r�e� �f�e�d� �i�n� �t�w�o� �e�q�u�a�l� �p�o�r�t�i�o�n�s� �a�t� 

�0�7�0�0�,� �a�n�d� �1�5�0�0� �h�r� �e�a�c�h� �d�a�y�.� �H�o�r�s�e�s� �w�e�r�e� �w�e�i�g�h�e�d� �w�e�e�k�l�y� �o�n� �a�n� 

�e�l�e�c�t�r�o�n�i�c� �s�c�a�l�e� �(�E�-�Z� �W�e�i�g�h�,� �C�a�v�e� �C�r�e�e�k�,� �A�Z�)�,� �a�n�d� �f�e�e�d� �w�a�s� 

�a�d�j�u�s�t�e�d� �t�o� �m�a�i�n�t�a�i�n� �b�o�d�y�w�e�i�g�h�t�.� �E�a�c�h� �h�o�r�s�e� �w�a�s� �f�e�d� �i�t�s� 

�a�s�s�i�g�n�e�d� �d�i�e�t� �f�o�r� �1�0� �w�k� �{�P�e�r�i�o�d� �1�)�,� �t�h�e�n� �c�o�n�s�u�m�e�d� �t�h�e� �o�t�h�e�r� 

�d�i�e�t� �f�o�r� �1�0� �w�k� �(�P�e�r�i�o�d� �2�)� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �e�x�e�r�c�i�s�e� �t�e�s�t�.� 

�S�t�a�n�d�a�r�d� �e�x�e�r�c�i�s�e� �t�e�s�t�.� �T�h�e� �s�t�a�n�d�a�r�d� �e�x�e�r�c�i�s�e� �t�e�s�t� �(�S�E�T�)� 

�c�o�n�s�i�s�t�e�d� �o�f� �6� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t�s� �(�T�a�b�l�e� �3�)�.� �F�e�e�d�,� �b�u�t� �n�o�t� 

�w�a�t�e�r� �w�a�s� �w�i�t�h�e�l�d� �f�o�r� �1�2� �h� �p�r�i�o�r� �t�o� �t�h�e� �m�o�r�n�i�n�g� �o�f� �t�h�e� �S�E�T� �t�o� 

�a�v�o�i�d� �d�i�g�e�s�t�i�v�e� �a�n�d� �m�e�t�a�b�o�l�i�c� �r�e�s�p�o�n�s�e�s� �t�o� �a� �m�e�a�l�.� �T�h�e� 

�t�r�e�a�d�m�i�l�l� �b�a�r�n� �h�a�d� �a�n� �a�v�e�r�a�g�e� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�9�°�C�,� �a�n�d� 

�r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �o�f� �5�0�%�.� �T�w�o� �h�o�r�s�e�s�,� �o�n�e� �f�r�o�m� �e�a�c�h� �g�r�o�u�p�,� 

�w�e�r�e� �t�e�s�t�e�d� �p�e�r� �d�a�y�,� �a�n�d� �w�e�r�e� �b�r�o�u�g�h�t� �i�n�t�o� �t�h�e� �b�a�r�n� �a�t� �l�e�a�s�t� 

�o�n�e� �h�o�u�r� �p�r�i�o�r� �t�o� �a�n�y� �h�a�n�d�l�i�n�g�.� �R�e�s�t�i�n�g� �h�e�a�r�t�r�a�t�e� �(�H�R�)� �a�n�d� 

�r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �t�a�k�e�n�,� �a�n�d� �a�r�e�a�s� �o�v�e�r� �t�h�e� �l�e�f�t� 

�j�u�g�u�l�a�r� �v�e�i�n�,� �a�n�d� �r�i�g�h�t� �c�a�r�o�t�i�d� �a�r�t�e�r�y� �w�e�r�e� �s�u�r�g�i�c�a�l�l�y� 

�p�r�e�p�a�r�e�d�.� �A� �s�t�e�r�i�l�e� �1�8�-�g�a�u�g�e� �c�a�t�h�e�t�e�r� �w�i�t�h� �a� �5�-�m�l� �e�x�t�e�n�s�i�o�n� 

�s�e�t� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �a�r�t�e�r�y� �a�n�d� �k�e�p�t� �p�a�t�e�n�t� �w�i�t�h� 
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�h�e�p�a�r�i�n�i�z�e�d� �s�a�l�i�n�e�.� 

�A�n� �a�r�e�a� �o�v�e�r� �t�h�e� �m�i�d�c�e�r�v�i�c�a�l� �r�e�g�i�o�n� �o�f� �t�h�e� �j�u�g�u�l�a�r� �v�e�i�n� �w�a�s� 

�a�n�a�e�s�t�h�e�t�i�z�e�d� �w�i�t�h� �1� �m�l� �o�f� �l�i�d�o�c�a�i�n�e�,� �a�n�d� �a� �s�m�a�l�l� �i�n�c�i�s�i�o�n� �w�a�s� 

�I�M�a�d�e� �i�n� �t�h�e� �s�k�i�n� �w�i�t�h� �a� �#�1�0� �s�c�a�l�p�e�l� �b�l�a�d�e�.� �A� �1�0� �g�a�u�g�e� �n�e�e�d�l�e� 

�w�a�s� �p�l�a�c�e�d� �a�s�e�p�t�i�c�a�l�l�y� �i�n�t�o� �t�h�e� �v�e�i�n�,� �a�n�d� �a�é�_�e� �s�t�e�r�i�l�e� 

�p�o�l�y�e�t�h�y�l�e�n�e� �c�a�t�h�e�t�e�r� �a�t�t�a�c�h�e�d� �t�o� �a� �s�a�l�i�n�e� �m�a�n�o�m�e�t�e�r� �w�a�s� 

�i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �r�i�g�h�t� �a�t�r�i�u�m� �o�f� �t�h�e� �h�e�a�r�t�.� �W�h�e�n� �t�h�e� 

�p�o�s�i�t�i�o�n� �w�a�s� �v�e�r�i�f�i�e�d�,� �t�h�e� �m�a�n�o�m�e�t�e�r� �w�a�s� �r�e�m�o�v�e�d�,� �a�n�d�a� �5� �m�l� 

�e�x�t�e�n�s�i�o�n� �s�e�t� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �t�u�b�i�n�g� �a�n�d� �k�e�p�t� �p�a�t�e�n�t� �w�i�t�h� 

�h�e�p�a�r�i�n�i�z�e�d� �s�a�l�i�n�e�.� �T�h�e� �p�r�e�p�a�r�e�d� �h�o�r�s�e� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�a�n�d� 

�g�u�i�e�t�l�y� �f�o�r� �a�t� �l�e�a�s�t� �1� �h� �b�e�f�o�r�e� �t�h�e� �t�e�s�t�.� �H�e�a�r�t� �r�a�t�e� �w�a�s� 

�m�o�n�i�t�o�r�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t� �(�F�i�g�u�r�e� �1�)� �w�i�t�h� �w�i�t�h� �a� �c�o�m�m�e�r�c�i�a�l� 

�d�i�g�i�t�a�l� �h�e�a�r�t� �m�o�n�i�t�o�r� �(�P�o�l�a�r� �C�I�C�,� �C�l�i�f�t�o�n�,� �N�J�)�,� �a�n�d� �r�e�c�t�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �t�a�k�e�n� �a�t� �e�a�c�h� �s�a�m�p�l�i�n�g� �t�i�m�e�.� 

�S�a�m�p�l�e� �c�o�l�l�e�c�t�i�o�n� �a�n�d� �a�s�s�a�y�s�.� �P�r�i�o�r� �t�o� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� 

�t�e�s�t�,� �r�e�s�t�i�n�g� �b�l�o�o�d� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �f�r�o�m� �t�h�e� 

�a�r�t�e�r�y� �a�n�d� �r�i�g�h�t� �a�t�r�i�u�m�.� �A�d�d�i�t�i�o�n�a�l� �s�a�m�p�l�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �1�5� 

�S� �p�r�i�o�r� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �w�a�r�m�-�u�p� �(�W�)�,� �1�5� �s� �p�r�i�o�r� �t�o� �t�h�e� �e�n�d� 

�o�f� �s�p�r�i�n�t� �6� �(�S�p�r� �6�)�,� �a�n�d� �a�t� �5� �(�R� �5�)� �a�n�d� �3�0� �(�R� �3�0�)� �m�i�n� �o�f� 

�r�e�c�o�v�e�r�y�.� �A�l�l� �a�n�a�l�y�s�e�s� �a�n�d� �c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �A� 

�a�n�d� �V� �b�l�o�o�d�.� �B�l�o�o�d� �s�a�m�p�l�e�s� �(�2� �m�l�)� �w�e�r�e� �d�r�a�w�n� �a�n�a�e�r�o�b�i�c�a�l�l�y� 

�i�n�t�o� �h�e�p�a�r�i�n�i�z�e�d� �s�y�r�i�n�g�e�s�,� �a�n�d� �s�t�o�r�e�d� �i�n� �a�n� �i�c�e� �w�a�t�e�r� �b�a�t�h� 

�u�n�t�i�l� �a�n�a�l�y�z�e�d� �f�o�r� �p�l�a�s�m�a� �h�y�d�r�o�g�e�n� �i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�*�]�)�,� 

�p�a�r�t�i�a�l� �p�r�e�s�s�u�r�e�s� �o�f� �o�x�y�g�e�n� �(�p�O�,�)� �a�n�d� �c�a�r�b�o�n� �d�i�o�x�i�d�e� �(�p�C�O�,�)�,� 

�a�n�d� �p�l�a�s�m�a� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �s�o�d�i�u�m� �(�[�N�a ��]�)�,� �a�n�d� �p�o�t�a�s�s�i�u�m� 
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�(�(�K�*�]�)� �w�i�t�h�i�n� �5� �-� �3�0� �m�i�n� �u�s�i�n�g� �s�e�l�e�c�t�i�v�e� �e�l�e�c�t�r�o�d�e�s� �(�S�t�a�t� 

�P�r�o�f�i�l�e� �1�,� �N�o�v�a� �B�i�o�m�e�d�i�c�a�l�)�.� �A�d�d�i�t�i�o�n�a�l� �s�a�m�p�l�e�s� �(�3�5� �m�l�)� �w�e�r�e� 

�d�r�a�w�n� �a�n�d� �p�l�a�c�e�d� �i�n� �h�e�p�a�r�i�n�i�z�e�d� �t�u�b�e�s�.� �A�l�i�q�u�o�t�s� �w�e�r�e� 

�i�m�m�e�d�i�a�t�e�l�y� �d�e�p�r�o�t�e�i�n�i�z�e�d� �i�n� �c�o�l�d� �p�e�r�c�h�l�o�r�i�c� �a�c�i�d� �(�1�:�2�)�,� �a�n�d� 

�t�h�e� �s�u�p�e�r�n�a�t�e�n�t� �d�r�a�w�n� �o�f�f� �a�n�d� �s�t�o�r�e�d� �a�t� �-�7�0�°�C� �f�o�r� 

�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �b�l�o�o�d� �l�a�c�t�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�L�a�c�]�)� �b�y� 

�l�a�c�t�a�t�e� �d�e�h�y�d�r�o�g�e�n�a�s�e� �m�e�t�h�o�d� �(�S�i�g�m�a� �D�i�a�g�n�o�s�t�i�c�s�,� �P�r�o�c�.� �#�8�2�6�-� 

�A�)�.� �A�d�d�i�t�i�o�n�a�l� �a�l�i�q�u�o�t�s� �o�f� �w�h�o�l�e� �b�l�o�o�d� �w�e�r�e� �s�t�o�r�e�d� �a�t� �-�5�°�C� 

�f�o�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �h�e�m�o�g�l�o�b�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�b�]�)� �b�y� 

�c�y�a�n�m�e�t�h�e�m�o�g�l�o�b�i�n� �m�e�t�h�o�d� �(�S�i�g�m�a� �D�i�a�g�n�o�s�t�i�c�s�,� �P�r�o�c�.� �#�5�2�5�)�.� 

�P�l�a�s�m�a� �w�a�s� �i�m�m�e�d�i�a�t�e�l�y� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �t�h�e� �r�e�m�a�i�n�i�n�g� �s�a�m�p�l�e�s�,� 

�a�n�d� �s�t�o�r�e�d� �a�t� �-�5�°�C� �f�o�r� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �a�l�b�u�m�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�(�{�A�l�b�]�)� �b�y� �b�r�o�m�c�r�e�s�o�l� �g�r�e�e�n� �m�e�t�h�o�d� �(�S�i�g�m�a� �D�i�a�g�n�o�s�t�i�c�s�,� �P�r�o�c�.� 

�#�6�3�1�)�,� �a�n�d� �c�h�l�o�r�i�d�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�{�C�l�'�]�)� �b�y� �t�i�t�r�a�t�i�o�n� �w�i�t�h� 

�s�i�l�v�e�r� �i�o�n� �(�C�h�l�o�r�i�d�o�m�e�t�e�r�,� �B�u�c�h�l�e�r� �I�n�s�t�r�u�m�e�n�t�s�)�.� �P�l�a�s�m�a� �[�H�*�]�,� 

�p�c�o�,�,� �a�n�d� �p�O�,�,� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�,� �b�i�c�a�r�b�o�n�a�t�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �(�[�H�C�O�,�]�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d�,� �t�o�t�a�l� �w�e�a�k� �a�c�i�d� �(�[�A� 
�t�o�t� �|� �)� 

�w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �S�t�e�w�a�r�t� �(�1�9�8�3�)�,� �a�n�d� �s�t�r�o�n�g� �i�o�n� 

� � 

�d�i�f�f�e�r�e�n�c�e� �(�[�S�I�D�]�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� �[�S�I�D�]� �=� �(�[�N�a ��]� 

�+� �[�K�*�]�)� �-� �(�{�C�l�°�]� �+� �[�L�a�c ��]�)� �a�c�c�o�r�d�i�n�g� �t�o� �S�t�e�w�a�r�t� �(�1�9�8�3�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s�.� �S�t�a�t�i�s�t�i�c�a�l� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �d�a�t�a� 

�c�o�l�l�e�c�t�e�d� �w�a�s� �t�e�s�t�e�d� �b�y� �s�i�t�e� �b�y� �t�h�e� �G�L�M� �p�r�o�c�e�d�u�r�e� �f�o�r� �r�e�p�e�a�t�e�d� 

�m�e�a�s�u�r�e�s� �(�S�A�S�,� �1�9�9�0�)� �w�i�t�h� �h�o�r�s�e�,� �S�E�T�,� �a�n�d� �d�i�e�t� �a�s� �t�h�e� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �O�r�t�h�o�g�o�n�a�l� �p�o�l�y�n�o�m�i�a�l� �c�o�n�t�r�a�s�t�s� �w�e�r�e� 

�u�s�e�d� �t�o� �c�o�m�p�a�r�e� �c�h�a�n�g�e�s� �i�n� �e�x�e�r�c�i�s�e� �v�a�r�i�a�b�l�e�s� �t�o� �t�h�e� �r�e�s�t�i�n�g� 
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�v�a�l�u�e�s�,� �a�n�d� �D�u�n�n�e�t�t ��s� �t�-�t�e�s�t�s� �w�e�r�e� �u�s�e�d� �t�o� �c�o�m�p�a�r�e� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �m�e�a�n�s�.� �S�i�g�n�i�f�i�c�a�n�c�e� �w�a�s� �s�e�t� �a�t� �P� �<� �0�.�0�5�.� �R�e�s�u�l�t�s� �a�r�e� 

�e�x�p�r�e�s�s�e�d� �a�s� �l�s�m�e�a�n�s� �+� �1� �S�E�M� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �s�t�a�t�e�d�.� 

�R�e�s�u�l�t�s� 

�F�e�e�d� �i�n�t�a�k�e� �a�n�d� �b�o�d�y�w�e�i�g�h�t�.� �A�l�l� �h�o�r�s�e�s� �b�e�c�a�m�e� �a�c�c�u�s�t�o�m�e�d� �t�o� 

�c�o�n�s�u�m�i�n�g� �t�h�e� �t�o�t�a�l� �m�i�x�e�d� �r�a�t�i�o�n� �w�i�t�h�i�n� �3� �~�-� �4� �d�,� �a�n�d� �t�h�e�r�e� 

�w�e�r�e� �n�o� �p�r�o�b�l�e�m�s� �w�i�t�h� �p�a�l�a�t�a�b�i�l�i�t�y�.� �H�o�r�s�e�s� �c�o�n�s�u�m�i�n�g� �t�h�e� �C�O�N� 

�d�i�e�t� �a�t�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �f�e�e�d� �t�h�a�n� �h�o�r�s�e�s� �o�n� �t�h�e� �C�O�/�L�E�C� 

�d�i�e�t�,� �b�u�t� �t�h�e�r�e� �w�e�r�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�o�d�y�w�e�i�g�h�t� �b�e�t�w�e�e�n� 

�d�i�e�t�s� �o�r� �p�e�r�i�o�d�s� �(�T�a�b�l�e� �4�)�.� 

�E�f�f�e�c�t�s� �o�f� �E�x�e�r�c�i�s�e�.� �M�e�a�n� �h�e�a�r�t�r�a�t�e� �(�b�e�a�t�s�/�m�i�n�)� �i�n�c�r�e�a�s�e�d� 

�f�r�o�m� �3�4�.�3� �+� �0�.�8� �a�t� �r�e�s�t� �t�o� �2�0�1�.�4� �+� �3�.�1� �a�t� �t�h�e� �e�n�d� �o�f� �S�p�r� �6�,� 

�a�n�d� �h�a�d� �r�e�t�u�r�n�e�d� �t�o� �6�5�.�6� �+� �2�.�5� �a�t� �R�e�c� �3�0�.� �M�e�a�n� �r�e�c�t�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �(�°�C�)� �w�a�s� �3�7�.�9� �+� �0�.�3� �a�t� �r�e�s�t�,� �r�o�s�e� �t�o� �4�0�.�2� �+� �0�.�6� �a�t� 

�t�h�e� �e�n�d� �o�f� �S�p�r� �6�,� �a�n�d� �w�a�s� �3�9�.�3� �+� �0�.�5� �a�t� �R�e�c� �3�0�.� 

�T�h�e� �c�h�a�n�g�e�s� �i�n� �p�l�a�s�m�a� �A� �a�n�d� �V� �s�t�r�o�n�g� �i�o�n�s� �a�n�d� �[�S�I�D�]� �a�r�e� 

�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �5�.� �O�n�e� �h�o�r�s�e� �"� �B�l�a�z�e�r� �"�,� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�t�o� �b�e� �a�n� �o�u�t�l�i�e�r� �(�z�-�t�e�s�t�;� �4� �~� �1�0� �S�D� �f�r�o�m� �t�h�e� �m�e�a�n� �o�f� �7� �h�o�r�s�e�s�)� 

�f�o�r� �[�H�*�]�,� �[�H�C�O�,�]�,� �p�O�,�,� �[�L�a�c�]�,� �a�n�d� �[�S�I�D�]�,� �s�o� �a�l�l� �a�c�i�d�-�b�a�s�e� 

�r�e�s�u�l�t�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �f�o�r� �7� �s�e�v�e�n� �h�o�r�s�e�s� �d�u�e� �t�o� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s�,� �w�i�t�h� �d�a�t�a� �f�o�r� �B�l�a�z�e�r� 

�p�r�e�s�e�n�t�e�d� �s�e�p�a�r�a�t�e�l�y�.� �T�h�e� �m�e�a�n�s� �f�o�r� �[�A�l�b�]� �a�n�d� �[�H�b�]� �a�r�e� �f�o�r� 
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�a�l�l� �8� �h�o�r�s�e�s�.� 

�B�o�t�h� �A� �a�n�d� �V� �[�N�a ��*�]� �a�n�d� �[�K�*�]� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �b�e�f�o�r�e� 

�r�e�t�u�r�n�i�n�g� �t�o� �r�e�s�t�i�n�g� �v�a�l�u�e�s� �a�t� �r�e�c�o�v�e�r�y�;� �t�h�e� �[�N�a ��]�,� �i�n�c�r�e�a�s�e� 

�w�a�s� �g�r�e�a�t�e�r� �t�h�e�n� �[�N�a ��]�,�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e� �a�t� �W�.� 

�T�h�e� �[�C�l�°�]�,� �i�n�c�r�e�a�s�e�d�,� �a�n�d� �[�C�l�1�_�]�,� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �a� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e� �a�t� �W�,� �S�p�r� �6�,� �a�n�d� �R�e�c� �5�.� �B�l�o�o�d� 

�[�L�a�c ��]� �i�n�c�r�e�a�s�e�d� �c�o�n�s�i�s�t�e�n�t�l�y� �a�t� �b�o�t�h� �s�i�t�e�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� 

�a�n�d� �r�e�m�a�i�n�e�d� �a�b�o�v�e� �t�h�e� �r�e�s�t�i�n�g� �v�a�l�u�e�s� �a�t� �R� �3�0�.� �T�h�e� �[�S�I�D�]�,� �w�a�s� 

�d�e�c�r�e�a�s�e�d� �a�n�d� �[�S�I�D�]�,� �i�n�c�r�e�a�s�e�d� �a�t� �S�p�r� �6�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �s�i�t�e� 

�d�i�f�f�e�r�e�n�c�e� �a�t� �a�l�l� �s�a�m�p�l�i�n�g� �t�i�m�e�s�.� 

�C�h�a�n�g�e�s� �i�n� �p�l�a�s�m�a� �A� �a�n�d� �V� �[�A� �p�c�o�,�,� �a�n�d� �p�O�,� �a�r�e� �s�u�m�m�a�r�i�z�e�d� 
�t�o�t� �l�s� 

�i�n� �T�a�b�l�e� �6�.� �T�h�e� �[�A�,�,�,�]� �i�n�c�r�e�a�s�e�d� �a�t� �b�o�t�h� �A� �a�n�d� �V� �d�u�r�i�n�g� �S�p�r� �6�,� 

�a�n�d� �r�e�t�u�r�n�e�d� �t�o� �p�r�e�-�e�x�e�r�c�i�s�e� �l�e�v�e�l�s� �b�y� �R�e�c� �3�0�,� �w�i�t�h� �n�o� �s�i�t�e� 

�d�i�f�f�e�r�e�n�c�e�s�.� �T�h�e� �p�a�C�O�,� �d�e�c�r�e�a�s�e�d�,� �a�n�d� �p�v�C�O�,� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e� �a�t� �a�l�l� �s�a�m�p�l�i�n�g� 

�t�i�m�e�s�.� �T�h�e� �p�a�O�,� �s�h�o�w�e�d� �a�n� �i�n�c�r�e�a�s�i�n�g� �t�r�e�n�d� �a�t� �W�,� �d�e�c�r�e�a�s�e�d� �a�t� 

�S�p�r� �6�,� �a�n�d� �i�n�c�r�e�a�s�e�d� �a�t� �R�e�c� �5� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �t�o� �p�r�e�-�e�x�e�r�c�i�s�e� 

�l�e�v�e�l�s� �a�t� �R�e�c� �3�0�.� �T�h�e� �p�v�O�,� �w�a�s� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �b�u�t� 

�h�a�d� �r�e�t�u�r�n�e�d� �t�o� �r�e�s�t�i�n�g� �l�e�v�e�l�s� �a�t� �R�e�c� �5�.� 

�T�h�e� �c�h�a�n�g�e�s� �i�n� �p�l�a�s�m�a� �[�H ��]�,� �[�H�C�O�,�]�,� �[�A�l�b�]�,� �a�n�d� �[�H�b�]� �a�r�e� 

�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �7�.� �T�h�e� �[�H�"�]�,� �w�a�s� �l�o�w�e�r� �t�h�a�n� �[�H�"�*�]�,� �a�t� �r�e�s�t�,� 

�a�n�d� �d�e�c�r�e�a�s�e�d� �a�t� �W� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �t�o� �r�e�s�t�i�n�g� �v�a�l�u�e�s� �a�t� �S�p�r� 

�6�.� �T�h�e� �[�H�*�]�,� �i�n�c�r�e�a�s�e�d� �a�t� �S�p�r� �6� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �t�o� �p�r�e�-� 

�e�x�e�r�c�i�s�e� �l�e�v�e�l�s� �a�t� �R�e�c� �5�.� �T�h�e�r�e� �w�a�s� �a� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e� �f�o�r� 

�[�H�*�]� �a�t� �a�l�l� �s�a�m�p�l�e� �t�i�m�e�s� �e�x�c�e�p�t� �R�e�c� �3�0�.� �T�h�e� �[�H�C�O�,�]�,� 

�d�e�c�r�e�a�s�e�d�,� �a�n�d� �[�H�C�O�,� �]�,� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �r�e�s�u�l�t�i�n�g� �i�n� 
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�a� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e� �a�t� �W�,� �S�p�r� �6�,� �a�n�d� �R�e�c� �5�.� �P�l�a�s�m�a� �[�A�l�b�]� �w�a�s� 

�i�n�c�r�e�a�s�e�d� �a�t� �W� �a�n�d� �S�p�r� �6�,� �w�i�t�h� �n�o� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e�s�.� �W�h�o�l�e� 

�b�l�o�o�d� �[�H�b�]� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �e�x�e�r�c�i�s�e� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �t�o� �r�e�s�t�i�n�g� 

�l�e�v�e�l�s� �a�t� �R�e�c� �3�0�,� �w�i�t�h� �n�o� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e�s�.� 

�E�f�f�e�c�t�s� �o�f� �T�r�a�i�n�i�n�g�.� �T�r�a�i�n�i�n�g� �r�e�s�u�l�t�e�d� �i�n� �a� �d�e�c�r�e�a�s�e�d� �h�e�a�r�t� 

�r�a�t�e� �(�b�e�a�t�s�/�m�i�n�)� �a�t� �s�p�r�i�n�t�s� �1� �-� �3�,� �a�n�d� �a�t� �1�0�,� �2�0�,� �a�n�d� �3�0� �m�i�n� 

�o�f� �r�e�c�o�v�e�r�y� �(�F�i�g�u�r�e� �1�)�.� �T�h�e� �c�h�a�n�g�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�r�a�i�n�i�n�g� 

�i�n� �A� �a�n�d� �V� �p�l�a�s�m�a� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �8� �a�n�d� �T�a�b�l�e� �9�.� 

�T�r�a�i�n�i�n�g� �i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �[�N�a�*�]� �a�t� �b�o�t�h� �s�i�t�e�s� �a�t� �W�,� �R�e�c� �5�,� �a�n�d� 

�R�e�c� �3�0�,� �a�n�d� �r�e�s�t�i�n�g� �[�N�a�*�]�,� �w�a�s� �i�n�c�r�e�a�s�e�d� �a�t� �S�E�T� �2�.� �A�t� �R�e�c� �5�,� 

�(�K�*�]� �w�a�s� �i�n�c�r�e�a�s�e�d� �a�t� �b�o�t�h� �s�i�t�e�s� �d�u�r�i�n�g� �S�E�T� �2�,� �b�u�t� �t�r�a�i�n�i�n�g� 

�d�e�c�r�e�a�s�e�d� �r�e�s�t�i�n�g� �[�K�"�]�,�.� �T�r�a�i�n�i�n�g� �i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �[�C�l�°�J�,� �a�t� 

�a�l�l� �s�a�m�p�l�i�n�g� �t�i�m�e�s� �a�t� �S�E�T� �2�,� �b�u�t� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �[�C�l�'�]�,�.� 

�B�l�o�o�d� �[�L�a�c�]�,� �s�h�o�w�e�d� �a� �d�e�c�r�e�a�s�i�n�g� �t�r�e�n�d� �(�P� �=� �0�.�1�5�9�)� �a�f�t�e�r� 

�t�r�a�i�n�i�n�g� �a�t� �S�p�r� �6� �a�n�d� �R�e�c� �5� �d�u�r�i�n�g� �S�E�T� �2�.� �T�h�e�r�e� �w�a�s� �a�n� 

�i�n�c�r�e�a�s�e�d� �[�S�I�D�]�,� �a�f�t�e�r� �t�r�a�i�n�i�n�g� �a�t� �W�,� �a�n�d� �R�e�c� �5� �(�F�i�g�u�r�e� �2�)�,� 

�b�u�t� �t�h�e�r�e� �w�e�r�e� �n�o� �e�f�f�e�c�t�s� �o�n� �[�S�I�D�]�,�.� �T�r�a�i�n�i�n�g� �i�n�c�r�e�a�s�e�d� 

�[�H�C�O�,�]�,� �a�n�d� �d�e�c�r�e�a�s�e�d� �[�H�*�]� �a�t� �b�o�t�h� �s�i�t�e�s� �a�t� �S�p�r� �6� �(�F�i�g�u�r�e�s� �3� 

�a�n�d� �4�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�,� �a�n�d� �i�n�c�r�e�a�s�e�d� �A� �a�n�d� �V� �p�l�a�s�m�a� �[�A�l�b�]� �a�t� 

�a�l�l� �s�a�m�p�l�i�n�g� �t�i�m�e�s� �(�F�i�g�u�r�e� �5�)�.� 

�E�f�f�e�c�t�s� �o�f� �D�i�e�t�.� �T�h�e� �C�O�/�L�E�C� �d�i�e�t� �i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �[�C�l�°�]�,�,� 

�a�n�d� �d�e�c�r�e�a�s�e�d� �b�l�o�o�d� �[�L�a�c ��]�,� �d�u�r�i�n�g� �t�h�e� �w�a�r�m�-�u�p� �p�e�r�i�o�d� �(�T�a�b�l�e� 

�1�0�)�.� �T�h�e� �C�O�/�L�E�C� �d�i�e�t� �a�l�s�o� �a�f�f�e�c�t�e�d� �t�h�e� �c�h�a�n�g�e� �f�r�o�m� �r�e�s�t�i�n�g� 

�v�a�l�u�e�s� �i�n� �[�S�I�D�]�,� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �a�n�d� �r�e�c�o�v�e�r�y� �(�F�i�g�u�r�e� �6�)�;� 
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�h�o�r�s�e�s� �h�a�d� �g�r�e�a�t�e�r� �i�n�c�r�e�a�s�e�s� �i�n� �[�S�I�D�]� �a�t� �S�p�r� �6� �a�n�d� �R�e�c� �3�0� �w�h�e�n� 

�c�o�n�s�u�m�i�n�g� �t�h�e� �C�O�/�L�E�C� �d�i�e�t�.� 

�D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �a�c�c�e�p�t�a�n�c�e� �a�n�d� �p�a�l�a�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �C�O�/�L�E�C� �d�i�e�t� �i�s� �i�n� 

�a�g�r�e�e�m�e�n�t� �w�i�t�h� �o�t�h�e�r� �s�t�u�d�i�e�s� �f�r�o�m� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �u�s�i�n�g� �t�h�e� 

�s�a�m�e� �d�i�e�t� �(�H�o�l�l�a�n�d� �e�t� �a�l�.�,� �1�9�9�5�)�.� �T�h�e� �p�r�e�v�i�o�u�s� �s�t�u�d�y� �s�h�o�w�e�d� 

�t�h�a�t� �h�o�r�s�e�s� �p�r�e�f�e�r�r�e�d� �a� �c�o�r�n� �o�i�l� �s�u�p�p�l�e�m�e�n�t�e�d� �d�i�e�t� �f�i�r�s�t�,� �b�u�t� 

�t�h�e� �C�O�/�L�E�C� �m�i�x�t�u�r�e� �w�a�s� �t�h�e� �n�e�x�t� �p�r�e�f�e�r�r�e�d�,� �c�o�m�p�a�r�e�d� �t�o� �t�w�o� 

�o�t�h�e�r� �l�e�c�i�t�h�i�n�-�c�o�n�t�a�i�n�i�n�g� �d�i�e�t�s�.� �L�e�c�i�t�h�i�n� �a�n�d� �s�o�y�b�e�a�n� �o�i�l� 

�h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �i�m�p�r�o�v�e� �n�u�t�r�i�e�n�t� �d�i�g�e�s�t�i�b�i�l�i�t�y� �i�n� �p�i�g�s� 

�(�J�o�n�e�s� �e�t� �a�l�.�,� �1�9�9�2�)�,� �a�n�d� �t�h�e� �C�O�/�L�E�C� �d�i�e�t� �i�n�c�r�e�a�s�e�d� �e�t�h�e�r� 

�e�x�t�r�a�c�t� �.� �d�i�g�e�s�t�i�b�i�l�t�y�,� �b�u�t� �d�e�c�r�e�a�s�e�d� �f�i�b�e�r� �a�n�d� �p�r�o�t�e�i�n� 

�d�i�g�e�s�t�i�b�i�l�i�t�y� �i�n� �h�o�r�s�e�s� �(�H�o�l�l�a�n�d� �e�t�.� �a�l�.�,� �1�9�9�5�)�.� 

�E�x�e�r�c�i�s�e�.� �T�h�e� �c�h�a�n�g�e�s� �i�n� �A� �a�n�d� �V� �s�t�r�o�n�g� �i�o�n�s� �a�n�d� �b�l�o�o�d� �g�a�s� 

�m�e�a�s�u�r�e�m�e�n�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �f�o�l�l�o�w�e�d� �a� �p�a�t�t�e�r�n� �s�i�m�i�l�a�r� �t�o� 

�e�a�r�l�i�e�r� �f�i�n�d�i�n�g�s� �f�r�o�m� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �(�T�a�y�l�o�r� �e�t� �a�l�.�,� �1�9�9�4�b�)�.� 

�I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �u�s�e�d� �r�e�c�t�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �i�n�s�t�e�a�d� �o�f� �b�l�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �t�h�e� �a�d�j�u�s�t�m�e�n�t� �o�f� 

�[�H�*�]� �a�n�d� �b�l�o�o�d� �g�a�s�e�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� �T�h�i�s� �w�i�l�l� �u�n�d�e�r�e�s�t�i�m�a�t�e� 

�t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �(�T�a�y�l�o�r� �e�t� �a�l�.�,� �1�9�9�4�c�)�,� �b�u�t� �d�o�e�s� �n�o�t� �c�h�a�n�g�e� 

�t�h�e� �a�b�s�o�l�u�t�e� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e�s�.� �H�o�r�s�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� 

�w�o�u�l�d� �h�a�v�e� �h�a�d� �h�i�g�h�e�r� �[�H�'�]�,� �p�O�,� �a�n�d� �p�C�O�,� �v�a�l�u�e�s� �t�h�a�n� �r�e�p�o�r�t�e�d� 

�i�f� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �b�l�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �d�u�r�i�n�g� 
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�e�x�e�r�c�i�s�e�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �p�l�a�s�m�a� �[�N�a ��]� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �t�h�e� �l�o�s�s� �o�f� 

�w�a�t�e�r� �f�r�o�m� �t�h�e� �v�a�s�c�u�l�a�r� �c�o�m�p�a�r�t�m�e�n�t�.� �I�n�c�r�e�a�s�e�s� �i�n� �p�l�a�s�m�a� 

�[�K�*�]�,� �a�n�d� �b�l�o�o�d� �[�L�a�c ��]� �a�r�e� �d�u�e� �t�o� �m�o�v�e�m�e�n�t� �f�r�o�m� �c�o�n�t�r�a�c�t�i�n�g� 

�m�u�s�c�l�e�.� �B�l�o�o�d� �[�L�a�c�]� �f�o�r� �B�l�a�z�e�r� �w�a�s� �m�o�r�e� �t�h�a�n� �t�w�i�c�e� �t�h�e� �m�e�a�n� 

�o�f� �t�h�e� �o�t�h�e�r� �7� �h�o�r�s�e�s� �a�t� �S�E�T� �1� �a�n�d� �S�E�T� �2� �(�F�i�g�u�r�e� �7�)�.� 

�T�h�e� �c�h�l�o�r�i�d�e� �s�h�i�f�t� �p�r�o�p�o�s�e�d� �t�o� �o�c�c�u�r� �i�n� �e�x�e�r�c�i�s�i�n�g� �h�o�r�s�e�s� 

�b�y� �C�a�r�l�s�o�n� �(�1�9�9�1�)� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�i�s� 

�s�t�u�d�y�,� �a�n�d� �c�o�n�f�i�r�m�e�d� �h�e�r�e�.� �T�h�e� �C�O�,� �f�r�o�m� �c�o�n�t�r�a�c�t�i�n�g� �m�u�s�c�l�e� 

�m�o�v�e�s� �t�h�r�o�u�g�h� �t�h�e� �p�l�a�s�m�a� �i�n�t�o� �t�h�e� �r�e�d� �c�e�l�l�s� �i�n� �t�h�e� �V� �b�l�o�o�d�,� 

�w�h�e�r�e� �m�o�s�t� �o�f� �i�t� �i�s� �h�y�d�r�a�t�e�d� �t�o� �H�,�C�O�,�,� �w�h�i�c�h� �d�i�s�s�o�c�i�a�t�e�s� �t�o� 

�[�H�C�O�,�]� �a�n�d� �[�H�*�}�.� �T�h�e� �[�H�*�]� �i�s� �b�u�f�f�e�r�e�d� �b�y� �H�b�,� �a�n�d� �t�h�e� �[�H�C�O�,�]� 

�m�o�v�e�s� �i�n�t�o� �t�h�e� �v�e�n�o�u�s� �p�l�a�s�m�a� �i�n� �e�x�c�h�a�n�g�e� �f�o�r� �[�C�l�]�.� �T�h�e� 

�p�r�o�c�e�s�s� �i�s� �r�e�v�e�r�s�e�d� �i�n� �t�h�e� �A� �b�l�o�o�d�,� �c�a�u�s�i�n�g� �a� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �s�i�t�e�s� �(�F�i�g�u�r�e� �8�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �f�o�r� �[�N�a�*�]� �a�n�d� �[�C�l�]� 

�r�e�s�u�l�t�e�d� �i�n� �a� �s�i�t�e� �d�i�f�f�e�r�e�n�c�e� �f�o�r� �[�S�I�D�]� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�.� 

�T�h�e� �A� �a�n�d� �V� �[�S�I�D�]� �w�a�s� �l�o�w�e�r� �i�n� �B�l�a�z�e�r� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�m�e�a�n� �o�f� �t�h�e� �o�t�h�e�r� �h�o�r�s�e�s� �a�t� �S�p�r� �6� �a�n�d� �R�e�c� �5� �(�F�i�g�u�r�e� �9�)�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �a�n� �i�n�c�r�e�a�s�e�d� �[�H�*�"�]� �(�F�i�g�u�r�e� �1�0�)�,� �a�n�d� �d�e�c�r�e�s�a�e�d� 

�[�H�C�O�,�]� �(�F�i�g�u�r�e� �1�1�)� �i�n� �t�h�i�s� �h�o�r�s�e� �b�y� �c�o�m�p�a�r�i�s�o�n�.� 

�C�h�a�n�g�e�s� �i�n� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�,� �[�H�*�]� �a�n�d� �[�H�C�O�,�]�,� �m�a�y� �b�e� 

�e�x�p�l�a�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s�,� �[�A�,�,�,�]�,� �p�C�O�,�,� �a�n�d� �[�S�I�D�}� �(�S�t�e�w�a�r�t�,� �1�9�8�1�)�.� �I�n� 

�a�r�t�e�r�i�a�l� �b�l�o�o�d� �d�u�r�i�n�g� �w�a�r�m�-�u�p� �e�x�e�r�c�i�s�e�,� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�a�C�o�,� 

�c�o�u�p�l�e�d� �w�i�t�h� �n�o� �c�h�a�n�g�e� �i�n� �[�S�I�D�]� �c�a�u�s�e�d� �t�h�e� �d�e�c�r�e�a�s�e�s� �i�n� �[�H�*�]� 

�a�n�d� �[�H�C�O�,�]�.� �T�h�e� �[�S�I�D�]� �t�h�e�n� �d�e�c�r�e�a�s�e�d�,� �a�n�d� �e�x�e�r�t�e�d� �t�h�e� �p�r�i�m�a�r�y� 
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�i�n�f�l�u�e�n�c�e� �a�t� �S�p�r� �6�,� �c�a�u�s�i�n�g� �t�h�e� �[�H�*�]� �t�o� �r�e�t�u�r�n� �t�o� �r�e�s�t�i�n�g� 

�v�a�l�u�e�s�,� �o�v�e�r�w�h�e�l�m�i�n�g� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �p�a�c�C�c�o�,�.� �T�h�e� 

�d�e�c�r�e�a�s�e�d� �[�S�I�D�]� �a�n�d� �p�a�C�O�,�,� �a�n�d� �i�n�c�r�e�a�s�e�d� �[�A�,�,�,�]� �h�a�d� �a� �c�o�m�b�i�n�e�d� 

�e�f�f�e�c�t� �t�o� �f�u�r�t�h�e�r� �d�e�c�r�e�a�s�e�d� �t�h�e� �[�H�C�O�,�]� �a�t� �S�p�r� �6�.� �T�h�e� �f�u�r�t�h�e�r� 

�d�e�c�r�e�a�s�e� �i�n� �[�S�I�D�]� �a�n�d� �t�h�e� �i�n�c�r�e�a�s�e�d� �p�a�C�O�,� �a�t� �R�e�c� �5� �r�e�s�u�l�t�e�d� �i�n� 

�a� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �[�H�*�]�.� 

�I�n� �v�e�n�o�u�s� �b�l�o�o�d� �d�u�r�i�n�g� �w�a�r�m�-�u�p� �e�x�e�r�c�i�s�e�,� �t�h�e� �i�n�c�r�e�a�s�e�d� 

�p�v�C�O�,� �o�v�e�r�w�h�e�l�m�e�d� �t�h�e� �i�n�c�r�e�a�s�e�d� �[�S�I�D�]�,� �c�a�u�s�i�n�g� �a�n� �i�n�c�r�e�a�s�e�d� 

�[�H�*�]� �a�n�d� �[�H�C�O�,�]�.� �T�h�e� �d�e�c�r�e�a�s�e�d� �[�H�C�O�,�]� �a�t� �S�p�r� �6� �w�a�s� �d�u�e� �t�o� �t�h�e� 

�d�r�o�p� �i�n� �p�v�C�O�,�,� �b�u�t� �t�h�e� �s�l�i�g�h�t� �d�e�c�r�e�a�s�e� �i�n� �[�S�I�D�]� �c�o�n�t�r�i�b�u�t�e�d� �t�o� 

�t�h�e� �c�o�n�t�i�n�u�i�n�g� �r�i�s�e� �i�n� �[�H�*�]�.� �I�f� �t�h�e�s�e� �d�a�t�a� �w�e�r�e� �i�n�t�e�r�p�r�e�t�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �b�i�c�a�r�b�o�n�a�t�e� �b�u�f�f�e�r� �s�y�s�t�e�m�,� �t�h�e�n� 

�t�h�e� �d�e�c�r�e�a�s�e� �i�n� �[�H�C�O�,�]�,� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�o�u�l�d� �h�a�v�e� �i�n�d�i�c�a�t�e�d� 

�a�n� �a�r�t�e�r�i�a�l� �a�c�i�d�o�s�i�s�,� �w�h�i�c�h� �w�a�s� �n�o�t� �o�b�s�e�r�v�e�d� �(�T�a�b�l�e� �7�)�.� �A�l�s�o�,� 

�t�h�e� �i�n�c�r�e�a�s�e� �a�t� �W�,� �a�n�d� �t�h�e� �d�e�c�r�e�a�s�e� �a�t� �R�e�c� �5� �i�n� �[�{�H�C�O�,�]�,� �w�e�r�e� 

�n�o�t� �d�i�r�e�c�t�l�y� �o�p�p�o�s�e�d� �b�y� �t�h�e� �[�H ��*�]�.� �T�h�i�s� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 

�a�p�p�r�o�a�c�h� �t�o� �a�c�i�d�-�b�a�s�e� �b�a�l�a�n�c�e� �c�a�n� �s�h�o�w� �t�h�e� �s�e�p�a�r�a�t�e� �i�n�f�l�u�e�n�c�e� 

�o�f� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s� 

�(�F�e�r�r�a�n�t�e� �a�n�d� �K�r�o�n�f�e�l�d�,� �1�9�9�4�)�,� �a�n�d� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �s�i�t�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�.� 

�T�h�e� �c�h�a�n�g�e�s� �s�e�e�n� �i�n� �b�l�o�o�d� �g�a�s�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e� �r�e�l�a�t�i�v�e�l�y� 

�s�m�a�l�l� �(�5�%�)� �d�e�c�r�e�a�s�e� �i�n� �p�a�O�,� �a�n�d� �t�h�e� �l�a�c�k� �o�f� �a� �l�a�r�g�e� �i�n�c�r�e�a�s�e� 

�i�n� �p�v�C�O�,� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �m�a�y� �b�e� �u�n�i�q�u�e� �t�o� �t�h�e� �A�r�a�b�i�a�n� �h�o�r�s�e� 

�(�T�a�y�l�o�r� �e�t� �a�l�.�,� �1�9�9�4�b�,� �c�)�.� �T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �u�n�d�e�r�g�o�i�n�g� 

�s�i�m�i�l�a�r� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t� �e�x�e�r�c�i�s�e� �h�a�d� �a� �4�5�%� �d�e�c�r�e�a�s�e� �i�n� �p�a�O�,�,� 

�a�n�d� �a� �5�0�%� �i�n�c�r�e�a�s�e� �i�n� �p�v�C�O�,� �(�B�u�t�l�e�r� �e�t� �a�l�.�,� �1�9�9�3�)�.� �E�v�i�d�e�n�c�e� 
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�s�e�e�m�s� �t�o� �s�h�o�w� �t�h�a�t� �t�h�e� �A�r�a�b�i�a�n� �b�r�e�e�d� �h�a�s� �a� �h�i�g�h�e�r� �a�e�r�o�b�i�c� 

�C�a�p�a�c�i�t�y� �t�h�a�n� �o�t�h�e�r� �b�r�e�e�d�s�,� �a�s� �s�h�o�w�n� �b�y� �l�o�w�e�r� �[�L�a�c� �]� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e� �(�W�i�c�k�l�e�r� �a�n�d� �T�r�o�y�,� �1�9�9�1�;� �M�c�C�o�l�l�u�m� �e�t� �a�l�.�,� �1�9�9�3�)�,� �a�n�d� 

�a� �h�i�g�h� �p�r�o�p�o�r�t�i�o�n� �o�f� �o�x�i�d�a�t�i�v�e� �(�T�y�p�e� �I� �a�n�d� �I�I�a�)� �m�u�s�c�l�e� �f�i�b�e�r�s� 

�(�S�n�o�w� �a�n�d� �G�u�y�,� �1�9�8�0�;� �R�i�v�e�r�o� �e�t� �a�l�.�,� �1�9�9�3�a�)�.� �H�i�g�h�e�r� 

�p�r�o�p�o�r�t�i�o�n�s� �o�f� �t�h�e�s�e� �m�u�s�c�l�e� �f�i�b�e�r� �t�y�p�e�s� �h�a�v�e� �r�e�c�e�n�t�l�y� �b�e�e�n� 

�d�i�r�e�c�t�l�y� �r�e�l�a�t�e�d� �t�o� �s�u�p�e�r�i�o�r� �p�e�r�f�o�r�m�a�n�c�e� �d�u�r�i�n�g� �e�n�d�u�r�a�n�c�e� 

�c�o�m�p�e�t�i�t�i�o�n� �(�R�i�v�e�r�o� �e�t� �a�l�.�,� �1�9�9�3�b�)�.� �T�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �a� �h�i�g�h� 

�p�a�O�,�,� �a�n�d� �a� �l�o�w� �A� �a�n�d� �V� �p�C�O�,� �e�v�e�n� �a�t� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �w�o�r�k�l�o�a�d�s� 

�(�H�R� �>� �2�0�0� �b�e�a�t�s�/�m�i�n�)� �m�a�y� �a�i�d� �i�n� �a�v�o�i�d�i�n�g� �t�h�e� �e�x�e�r�c�i�s�e�-� 

�a�s�s�o�c�i�a�t�e�d� �a�c�i�d�o�s�i�s� �s�e�e�n� �i�n� �o�t�h�e�r� �b�r�e�e�d�s� �o�f� �h�o�r�s�e�s�,� �a�n�d� �m�a�y� 

�r�e�f�l�e�c�t� �b�r�e�e�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�u�s�c�l�e� �m�e�t�a�b�o�l�i�s�m�,� �c�o�n�t�r�o�l� �o�f� 

�b�r�e�a�t�h�i�n�g�,� �a�n�d� �v�e�n�t�i�l�a�t�i�o�n� �a�n�d� �p�e�r�f�u�s�i�o�n�.� 

�T�r�a�i�n�i�n�g�.� �T�h�e� �l�o�w�e�r� �h�e�a�r�t� �r�a�t�e�s� �o�b�s�e�r�v�e�d� �i�n� �S�E�T� �2� �(�F�i�g�u�r�e� �1�)� 

�a�r�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �h�o�r�s�e�s� �c�o�n�t�i�n�u�e�d� �t�o� �i�m�p�r�o�v�e� �t�h�e�i�r� 

�f�i�t�n�e�s�s� �l�e�v�e�l�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �i�n�i�t�i�a�l� �g�o�a�l� �o�f� �t�h�e� �2� �d�/�w�k� �o�f� 

�t�r�a�i�n�i�n�g� �w�a�s� �t�o� �m�a�i�n�t�a�i�n� �a� �c�o�n�s�t�a�n�t� �l�e�v�e�l� �o�f� �f�i�t�n�e�s�s� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y�.� �T�h�e�r�e� �i�s� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �A�r�a�b�i�a�n� 

�b�r�e�e�d� �h�a�s� �a� �g�r�e�a�t�e�r� �c�a�p�a�c�i�t�y� �f�o�r� �i�m�p�r�o�v�e�d� �f�i�t�n�e�s�s� �w�i�t�h� 

�t�r�a�i�n�i�n�g� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �b�r�e�e�d�s�,� �a�n�d� �t�h�a�t� �t�h�i�s� �l�e�v�e�l� �o�f� 

�f�i�t�n�e�s�s� �c�a�n� �b�e� �m�a�i�n�t�a�i�n�e�d� �f�o�r� �m�o�n�t�h�s� �w�i�t�h� �l�i�t�t�l�e� �o�r� �n�o� 

�t�r�a�i�n�i�n�g� �(�R�i�v�e�r�o� �a�n�d� �S�e�r�r�a�n�o�,� �1�9�9�5�)�.� 

�T�h�e� �i�n�c�r�e�a�s�e�d� �[�N�a ��*�]� �a�t� �b�o�t�h� �s�i�t�e�s� �w�i�t�h� �t�r�a�i�n�i�n�g� �(�T�a�b�l�e� �8�)� 

�m�a�y� �b�e� �d�u�e� �t�o� �c�h�a�n�g�e�s� �i�n� �p�l�a�s�m�a� �v�o�l�u�m�e�,� �a�s� �t�h�e�r�e� �w�a�s� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �p�l�a�s�m�a� �[�A�l�b�]� �a�s� �w�e�l�l�,� �w�h�i�c�h� �h�a�s� �b�e�e�n� �s�e�e�n� 
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�p�r�e�v�i�o�u�s�l�y� �i�n� �h�o�r�s�e�s� �(�M�c�K�e�e�v�e�r� �e�t� �a�l�,� �1�9�8�7�)�.� �P�l�a�s�m�a� �[�K�*�]� �w�a�s� 

�i�n�c�r�e�a�s�e�d� �a�t� �b�o�t�h� �s�i�t�e�s� �a�f�t�e�r� �t�r�a�i�n�i�n�g� �d�u�r�i�n�g� �t�h�e� �r�e�c�o�v�e�r�y�,� 

�a�n�d� �t�h�i�s� �m�a�y� �b�e� �d�u�e� �i�n� �p�a�r�t� �t�o� �t�h�e� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t� �t�r�a�i�n�i�n�g�.� 

�S�p�r�i�n�t� �t�r�a�i�n�e�d� �m�e�n� �a�n�d� �w�o�m�e�n� �a�l�s�o� �h�a�d� �h�i�g�h�e�r� �p�l�a�s�m�a� �[�K ��*�]� 

�d�u�r�i�n�g� �r�e�c�o�v�e�r�y� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �e�n�d�u�r�a�n�c�e� �t�r�a�i�n�e�d� �s�u�b�j�e�c�t�s� 

�(�M�e�d�b�o� �a�n�d� �S�e�j�e�r�s�t�e�d�,� �1�9�9�4�)�.� �T�h�e� �s�p�r�i�n�t� �t�r�a�i�n�e�d� �i�n�d�i�v�i�d�u�a�l�s� 

�w�e�r�e� �a�b�l�e� �t�o� �c�l�e�a�r� �[�K�*�]� �f�r�o�m� �t�h�e� �p�l�a�s�m�a� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� 

�e�n�d�u�r�a�n�c�e� �t�r�a�i�n�e�d� �s�u�b�j�e�c�t�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �l�o�w�e�r� �[�K�*�]� �l�a�t�e�r� �i�n� 

�r�e�c�o�v�e�r�y�.� �S�p�r�i�n�t� �t�r�a�i�n�i�n�g� �m�a�y� �h�a�v�e� �c�a�u�s�e�d� �c�h�a�n�g�e�s� �i�n� �t�h�e� �N�a�-�K� 

�p�u�m�p� �c�o�n�t�e�n�t� �o�r� �a�c�t�i�v�i�t�y�,� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�[�K�*�]� �r�e�g�u�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �g�r�o�u�p�s�.� 

�T�h�e� �w�a�s� �a� �t�r�e�n�d� �f�o�r� �a� �t�r�a�i�n�i�n�g�-�i�n�d�u�c�e�d� �d�e�c�r�e�a�s�e� �i�n� �A� �a�n�d� �V� 

�[�l�a�c ��]� �a�t� �R�e�c� �5� �a�n�d� �R�e�c� �3�0� �(�T�a�b�l�e� �5�)�.� �I�t� �m�a�y� �b�e� �d�u�e� �i�n� �p�a�r�t� 

�t�o� �a�n� �e�n�h�a�n�c�e�d� �r�a�t�e� �o�f� �c�l�e�a�r�a�n�c�e� �b�y� �o�x�i�d�a�t�i�o�n�,� �o�r� �a� �d�e�c�r�e�a�s�e�d� 

�r�a�t�e� �o�f� �m�u�s�c�l�e� �[�L�a�c�]� �p�r�o�d�u�c�t�i�o�n�.� �L�o�w�e�r� �b�l�o�o�d� �a�n�d� �p�l�a�s�m�a� 

�{�L�a�c ��]� �d�u�r�i�n�g� �a� �s�u�b�-�m�a�x�i�m�a�l� �t�r�e�a�d�m�i�l�l� �t�e�s�t� �h�a�s� �r�e�c�e�n�t�l�y� �b�e�e�n� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�u�p�e�r�i�o�r� �p�e�r�f�o�r�m�a�c�e� �a�t� �t�h�e� �r�a�c�e�t�r�a�c�k� �i�n� 

�T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �(�E�v�a�n�s� �e�t� �a�l�.�,� �1�9�9�4�)�.� 

�T�h�e� �t�r�a�i�n�i�n�g�-�i�n�d�u�c�e�d� �i�n�c�r�e�a�s�e� �i�n� �p�l�a�s�m�a� �[�C�l�°�]�,� �s�e�e�n� �a�t� �a�l�l� 

�s�a�m�p�l�i�n�g� �t�i�m�e�s� �m�a�y� �i�n�d�i�c�a�t�e� �c�h�a�n�g�e�s� �i�n� �i�o�n� �e�x�c�h�a�n�g�e� �t�o� �b�a�l�a�n�c�e� 

�t�h�e� �c�h�a�n�g�e�s� �i�n� �[�N�a�*�]�,� �a�n�d� �[�L�a�c ��]�.� �T�h�e� �c�h�a�n�g�e�s� �i�n� �s�t�r�o�n�g� �i�o�n�s� 

�r�e�s�u�l�t�e�d� �i�n� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�f� �t�r�a�i�n�i�n�g� �o�n� �[�S�I�D�]�,� �(�F�i�g�u�r�e� 

�2�)�.� �T�h�e� �[�S�I�D�]�,� �w�a�s� �i�n�c�r�e�a�s�e�d� �a�t� �W�,� �a�n�d� �R�e�c� �5� �d�u�r�i�n�g� �S�E�T� �2�,� 

�w�h�i�c�h� �c�a�u�s�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �[�H�*�]�,� �(�F�i�g�u�r�e� �4�)�,� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� 

�i�n� �{�H�C�O�,�]�,� �(�F�i�g�u�r�e� �3�)� �a�t� �S�p�r� �6�.� �B�o�t�h� �o�f� �t�h�e�s�e� �e�f�f�e�c�t�s� �w�o�u�l�d� 

�b�e� �b�e�n�e�f�i�c�i�a�l� �t�o� �t�h�e� �e�x�e�r�c�i�s�i�n�g� �h�o�r�s�e�.� �S�p�r�i�n�t� �t�r�a�i�n�i�n�g� �m�a�y� 
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�a�l�t�e�r� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �s�t�r�o�n�g� �i�o�n�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �c�o�m�p�a�r�e�d� �t�o� 

�o�t�h�e�r� �t�y�p�e�s� �o�f� �t�r�a�i�n�i�n�g�.� 

�D�i�e�t�.� �C�o�n�s�u�m�p�t�i�o�n� �o�f� �t�h�e� �C�O�/�L�E�C� �d�i�e�t� �d�e�c�r�e�a�s�e�d� �b�l�o�o�d� �[�L�a�c ��]� 

�a�n�d� �i�n�c�r�e�a�s�e�d� �p�l�a�s�m�a� �[�C�1�]�,� �a�t� �W�,� �b�u�t� �t�h�e�r�e� �w�e�r�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� 

�b�y� �S�p�r� �6�.� �H�o�r�s�e�s� �c�o�n�s�u�m�i�n�g� �t�h�e� �C�O�/�L�E�C� �d�i�e�t� �h�a�d� �a� �g�r�e�a�t�e�r� 

�i�n�c�r�e�a�s�e� �i�n� �[�S�I�D�]�,� �f�r�o�m� �r�e�s�t� �t�o� �S�p�r� �6� �a�n�d� �t�o� �R�e�c� �3�0� �(�F�i�g�u�r�e� 

�6�)�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� �[�S�I�D�]�,� �c�o�u�l�d� �c�a�u�s�e� �a� �d�e�c�r�e�a�s�e� �i�n� �[�H�*�]� �a�n�d� 

�a�n� �i�n�c�r�e�a�s�e� �i�n� �[�H�C�O�,�]�,� �w�h�i�c�h� �w�o�u�l�d� �b�e� �b�e�n�e�f�i�c�i�a�l� �t�o� �t�h�e� �h�o�r�s�e� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� �A� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �a�l�k�a�l�o�s�i�s� �c�o�u�l�d� �p�o�t�e�n�t�i�a�l�l�y� 

�e�n�h�a�n�c�e� �[�H�*�]� �e�f�f�l�u�x� �f�r�o�m� �m�u�s�c�l�e� �t�i�s�s�u�e�,� �p�r�o�t�e�c�t�i�n�g� �t�h�e� �a�n�i�m�a�l� 

�f�r�o�m� �f�a�t�i�g�u�e� �a�n�d� �m�u�s�c�l�e� �d�a�m�a�g�e�.� �C�h�a�n�g�i�n�g� �t�h�e� �d�e�g�r�e�e� �o�f� 

�s�a�t�u�r�a�t�i�o�n� �a�n�d� �t�h�e� �a�m�o�u�n�t�s� �o�f� �d�i�e�t�a�r�y� �f�a�t�t�y� �a�c�i�d�s� �i�s� �r�e�f�l�e�c�t�e�d� 

�i�n� �c�e�l�l� �m�e�m�b�r�a�n�e� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �f�l�u�i�d�i�t�y� �(�C�r�o�s�e�t� �e�t� �a�l�.�,� 

�1�9�8�9�)�,� �a�n�d� �m�a�y� �a�l�t�e�r� �i�o�n� �t�r�a�n�s�p�o�r�t�.� �S�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �w�i�t�h� 

�d�i�e�t�a�r�y� �p�h�o�s�p�h�o�l�i�p�i�d� �c�h�a�n�g�e�d� �t�h�e� �N�a ��*�/�K�*� �A�T�P�a�s�e� �a�c�t�i�v�i�t�y� �i�n� 

�e�r�y�t�h�r�o�c�y�t�e� �m�e�m�b�r�a�n�e�s� �i�n� �r�a�t�s� �(�B�o�r�d�o�n�i� �e�t� �a�l�.�,� �1�9�9�2�)�.� �A� 

�r�e�c�e�n�t� �s�t�u�d�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �f�e�e�d�i�n�g� �a� �l�e�c�i�t�h�i�n� �s�u�p�p�l�e�m�e�n�t�e�d� 

�d�i�e�t� �c�o�m�b�i�n�e�d� �w�i�t�h� �s�p�r�i�n�t� �t�r�a�i�n�i�n�g� �a�l�t�e�r�e�d� �c�a�l�c�i�u�m� �t�r�a�n�s�p�o�r�t� 

�i�n� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �Q�u�a�r�t�e�r� �H�o�r�s�e�s� �(�W�i�l�s�o�n� 

�e�t� �a�l�.�,� �1�9�9�5�)�.� 

�T�h�e�r�e� �w�a�s� �a� �d�e�c�r�e�a�s�e�d� �b�l�o�o�d� �[�L�a�c�]� �d�u�r�i�n�g� �t�h�e� �w�a�r�m�-�u�p� �i�n� 

�h�o�r�s�e�s� �o�n� �t�h�e� �C�O�/�L�E�C� �d�i�e�t� �(�F�i�g�u�r�e� �1�2�)�.� �T�h�i�s� �i�s� �i�n� �c�o�n�t�r�a�s�t� �t�o� 

�a� �p�r�e�v�i�o�u�s� �s�t�u�d�y� �w�h�i�c�h� �f�o�u�n�d� �h�i�g�h�e�r� �b�l�o�o�d� �a�n�d� �p�l�a�s�m�a� �[�L�a�c ��]� 

�d�u�r�i�n�g� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t�s� �i�n� �h�o�r�s�e�s� �f�e�d� �c�o�r�n� �o�i�l� �s�u�p�p�l�e�m�e�n�t�e�d� 

�d�i�e�t�s� �(�F�e�r�r�a�n�t�e� �e�t� �a�l�.�,� �1�9�9�3�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�n� �[�L�a�c ��]� �s�e�e�n� �i�n� 
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�t�h�e� �p�r�e�v�i�o�u�s� �s�t�u�d�y� �f�r�o�m� �a�d�a�p�t�a�t�i�o�n� �t�o� �t�h�e� �c�o�r�n� �o�i�l� 

�s�u�p�p�l�e�m�e�n�t�e�d� �d�i�e�t� �m�a�y� �h�a�v�e� �b�e�e�n� �a�l�t�e�r�e�d� �b�y� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� 

�l�e�c�i�t�h�i�n�.� �F�a�c�i�l�i�t�a�t�i�n�g� �f�r�e�e� �f�a�t�t�y� �a�c�i�d� �t�r�a�n�s�p�o�r�t� �a�n�d� 

�o�x�i�d�a�t�i�o�n� �w�o�u�l�d� �r�e�d�u�c�e� �t�h�e� �r�a�t�e� �o�f� �g�l�y�c�o�l�y�s�i�s� �i�n� �m�u�s�c�l�e� �c�e�l�l�s�,� 

�p�r�o�d�u�c�i�n�g� �l�e�s�s� �[�L�a�c ��]� �d�u�r�i�n�g� �S�E�T� �2�.� �T�h�i�s� �e�f�f�e�c�t� �m�a�y� �h�a�v�e� �b�e�e�n� 

�m�a�s�k�e�d� �a�t� �S�E�T� �3� �b�y� �t�h�e� �a�d�d�i�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �t�r�a�i�n�i�n�g� �a�n�d� �d�i�e�t�,� 

�w�h�i�c�h� �a�r�e� �s�y�n�e�r�g�i�s�t�i�c� �i�n� �p�r�o�m�o�t�i�n�g� �a�e�r�o�b�i�c� �c�a�p�a�c�i�t�y� �(�S�i�m�i� �e�t� 

�a�l�.�,� �1�9�9�1�)�.� 

�T�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t�s� �t�h�a�t� �h�o�r�s�e�s� �m�a�y� �a�d�a�p�t� �t�o� �f�a�t� �u�t�i�l�i�z�a�t�i�o�n� 

�a�t� �d�i�f�f�e�r�e�n�t� �r�a�t�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�y�p�e� �o�f� �f�a�t� �i�n�c�l�u�d�e�d� �i�n� 

�t�h�e� �d�i�e�t�,� �w�i�t�h� �t�h�e� �C�O�/�L�E�C� �d�i�e�t� �p�r�o�m�o�t�i�n�g� �e�a�r�l�y� �i�n�c�r�e�a�s�e�s� �i�n� 

�a�e�r�o�b�i�c� �c�a�p�a�c�i�t�y�.� �T�h�e� �C�O�/�L�E�C� �d�i�e�t� �i�s� �h�i�g�h� �i�n� �p�h�o�s�p�h�o�l�i�p�i�d� 

�c�o�n�t�e�n�t�,� �a�n�d� �m�a�y� �a�l�t�e�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �t�r�a�n�s�p�o�r�t� �o�f� �s�t�r�o�n�g� 

�i�o�n�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� �T�h�e� �l�e�c�i�t�h�i�n� �d�i�e�t� �p�r�o�t�e�c�t�e�d� �a�g�a�i�n�s�t� �t�h�e� 

�d�e�c�r�e�a�s�e� �i�n� �[�S�I�D�]�,� �w�h�i�c�h� �i�n�c�r�e�a�s�e�d� �[�H�C�O�,�]�,� �a�n�d� �d�e�c�r�e�a�s�e�d� �[�H�"�]� 

�d�u�r�i�n�g� �s�p�r�i�n�t�i�n�g�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �A�r�a�b�i�a�n� �h�o�r�s�e� �m�a�y� �b�e� �s�u�p�e�r�i�o�r� �t�o� �o�t�h�e�r� �b�r�e�e�d�s� 

�i�n� �t�h�e�i�r� �c�a�p�a�c�i�t�y� �f�o�r� �f�a�t� �a�d�a�p�t�a�t�i�o�n�,� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a� 

�h�i�g�h� �f�a�t� �d�i�e�t� �a�n�d� �t�r�a�i�n�i�n�g�.� �T�h�e� �h�o�r�s�e�s� �i�n� �t�h�i�s� �s�t�u�d�y� 

�r�e�s�p�o�n�d�e�d� �d�i�f�f�e�r�e�n�t�l�y� �t�o� �h�i�g�h�-�i�n�t�e�n�s�i�t�y� �e�x�e�r�c�i�s�e� �t�h�a�n� 

�T�h�o�r�o�u�g�h�b�r�e�d�s�,� �m�a�i�n�t�a�i�n�i�n�g� �a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �p�a�O�,�,� �w�i�t�h� 

�r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �b�u�i�l�d�-�u�p� �o�f� �p�a�c�o�,�.� 
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�L�i�t�e�r�a�t�u�r�e� �C�i�t�e�d� 

�B�a�y�l�y�,� �W�.�,� �G�r�a�n�t�,� �B�.� �&� �P�e�a�r�s�o�n�,� �R�.� �(�1�9�8�7�)� �L�a�c�t�a�t�e� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �f�o�l�l�o�w�i�n�g� �m�a�x�i�m�a�l� 
�e�x�e�r�c�i�s�e� �u�n�d�e�r� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s�.� �I�n�:� �E�q�u�i�n�e� �E�x�e�r�c�i�s�e� 
�P�h�y�s�i�o�l�o�g�y� �2� �(�G�i�l�l�e�s�p�i�e�,� �J�.� �&� �R�o�b�i�n�s�o�n�,� �N�.�,� �e�d�.�)�,� �p�p�.� �4�2�6�-� 
�4�3�7�.� �I�C�E�E�P� �P�u�b�.�,� �D�a�v�i�s�,� �C�A�.� 

�B�o�r�d�o�n�i�,� �A�.�,� �T�a�r�o�z�z�i�,� �G�.� �&� �T�u�r�c�h�e�t�t�o�,� �E�.� �(�1�9�9�2�)� �E�f�f�e�c�t� �o�f� �t�h�e� 
�d�i�e�t�a�r�y� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �w�i�t�h� �a� �p�h�o�s�p�h�a�t�i�d�y�l�-�i�n�o�s�i�t�o�l� 
�m�e�t�a�b�o�l�i�t�e�,� �g�l�y�c�e�r�o�p�h�o�s�p�h�o�r�y�l�i�n�o�s�i�t�o�l�,� �o�n� �N�a�+�/�K�+� �A�T�P�a�s�e� 
�a�c�t�i�v�i�t�y� �a�n�d� �b�o�d�y� �w�e�i�g�h�t� �i�n� �n�o�r�m�a�l� �r�a�t�s�.� �J�.� �N�u�t�r�.� 
�B�i�o�c�h�e�m�.� �3�:�8� �-� �1�2�.� 

�B�u�t�l�e�r�,� �P�.�,� �W�o�a�k�e�s�,� �A�.�,� �S�m�a�l�e�,� �K�.�,� �R�o�b�e�r�t�s�,� �C�.�,� �H�i�l�l�i�d�g�e�,� �C�.�,� 
�S�n�o�w�,� �D�.� �&� �M�a�t�l�i�n�,� �D�.� �(�1�9�9�3�)� �R�e�s�p�i�r�a�t�o�r�y� �a�n�d� 
�c�a�r�d�i�o�v�a�s�c�u�l�a�r� �a�d�j�u�s�t�m�e�n�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �o�f� �i�n�c�r�e�a�s�i�n�g� 
�i�n�t�e�n�s�i�t�y� �a�n�d� �d�u�r�i�n�g� �r�e�c�o�v�e�r�y� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �r�a�c�e�h�o�r�s�e�s�.� 
�J�.� �E�x�p�.� �B�i�o�l�.� �1�7�9�:�1�5�9� �-� �1�8�0�.� 

�C�a�r�l�s�o�n�,� �G�.�,� �B�i�r�k�s�,� �R�.� �&� �J�o�n�e�s�,� �J�.� �(�1�9�9�2�)� �a�c�i�d�-�b�a�s�e� 
�a�l�t�e�r�a�t�i�o�n�s� �i�n� �h�o�r�s�e�s� �d�u�r�i�n�g� �t�r�e�a�d�m�i�l�l� �e�x�e�r�c�i�s�e�.� �T�h�e� 
�E�q�u�i�n�e� �A�t�h�l�e�t�e� �5�(�3�)�:� �1�7�-�2�0�.� 

�C�o�n�l�a�y�,� �L�.�,� �S�a�b�o�u�n�j�i�a�n�,� �L�.� �&� �W�u�r�t�m�a�n�,� �R�.� �(�1�9�9�2�)� �E�x�e�r�c�i�s�e� �a�n�d� 
�n�e�u�r�o�m�o�d�u�l�a�t�o�r�s�:� �c�h�o�l�i�n�e� �a�n�d� �a�c�e�t�y�l�c�h�o�l�i�n�e� �i�n� �m�a�r�a�t�h�o�n� 
�r�u�n�n�e�r�s�.� �I�n�t�.� �J�.� �S�p�o�r�t�s� �M�e�d�.� �1�3�(�S�u�p�p�l�.� �1�)�:� �$�1�4�1�-�S�1�4�2�.� 

�C�r�o�s�e�t�,� �M�.�,� �B�l�a�c�k�,� �J�.�,� �S�w�a�n�s�o�n�,� �J�.� �&� �K�i�n�s�e�l�l�a�,� �J�.� �(�1�9�8�9�)� 
�E�f�f�e�c�t�s� �o�f� �d�i�e�t�a�r�y� �p�h�o�s�p�h�o�l�i�p�i�d� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �c�a�l�c�i�u�m� 
�t�r�a�n�s�p�o�r�t� �i�n� �m�o�u�s�e� �c�a�r�d�i�a�c� �s�a�r�c�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m�.� �L�i�p�i�d�s� 
�2�4�(�4�)�:� �2�7�8� �-� �2�8�5�.� 

�E�v�a�n�s�,� �D�.�,� �H�a�r�r�i�s�,� �R�.� �&� �S�n�o�w�,� �D�.� �(�1�9�9�4�)� �c�o�r�r�e�l�a�t�i�o�n� �o�f� �r�a�c�i�n�g� 
�p�e�r�f�o�r�m�a�n�c�e� �w�i�t�h� �b�l�o�o�d� �l�a�c�t�a�t�e� �a�n�d� �h�e�a�r�t� �r�a�t�e� �a�f�t�e�r� 
�e�x�e�r�c�i�s�e� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s�.� �E�q�u�i�n�e� �V�e�t�.� �J�.� �0�0�:� �4�4�1�-� 
�4�4�5�.� 

�F�e�r�r�a�n�t�e�,� �P�.�,� �T�a�y�l�o�r�,� �L�.�,� �K�r�o�n�f�e�l�d�,� �D�.� �&� �M�e�a�c�h�a�m�,� �T�.� �(�1�9�9�3�)� 
�B�l�o�o�d� �l�a�c�t�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s� �f�e�d� 
�a� �h�i�g�h� �f�a�t� �d�i�e�t� �a�n�d� �a�d�m�i�n�i�s�t�e�r�e�d� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e�.� �J�.� 
�N�u�t�r�.� �1�2�4�:�2�7�3�7�S�8�.� 

�F�e�r�r�a�n�t�e�,� �P�.� �&� �K�r�o�n�f�e�l�d�,� �D�.� �(�1�9�9�4�)� �C�o�m�p�a�r�i�s�o�n� �o�f� �c�o�n�v�e�n�t�i�o�n�a�l� 
�a�c�i�d�-�b�a�s�e� �a�n�d� �s�t�r�o�n�g� �i�o�n� �d�i�f�f�e�r�e�n�c�e� �i�n� �a�n�a�l�y�s�i�s� �o�f� �H�*� 
�c�h�a�n�g�e�s�.� �P�r�o�c�.� �1�2�°� �A�C�V�I�M� �F�o�r�u�n�,� �p�p�.� �5�8�2�-�5�8�3�,� �S�a�n� 
�F�r�a�n�c�i�s�c�o�,� �C�A�.� 
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�F�o�r�s�t�e�r�,� �H�.�,� �M�u�r�p�h�y�,� �C�.�,� �B�r�i�c�e�,� �A�.�,� �P�a�n�,� �L�.� �&� �L�o�w�r�e�y�,� �T�.� 
�(�1�9�9�0�)� �P�l�a�s�m�a� �[�H�*�]� �r�e�g�u�l�a�t�i�o�n� �a�n�d� �w�h�o�l�e� �b�l�o�o�d� �[�C�O�,�]� �i�n� 
�e�x�e�r�c�i�s�i�n�g� �p�o�n�i�e�s�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�8�(�1�)�:� �3�0�9�-�3�1�5�.� 

�H�i�r�s�c�h�,� �M�.�,� �G�r�o�w�d�o�n�,� �J�.� �&� �W�u�r�t�m�a�n�,� �R�.� �(�1�9�7�8�)� �R�e�l�a�t�i�o�n�s� 
�b�e�t�w�e�e�n� �d�i�e�t�a�r�y� �c�h�o�l�i�n�e� �l�e�v�e�l�s�,� �a�n�d� �v�a�r�i�o�u�s� �m�e�t�a�b�o�l�i�c� 
�i�n�d�i�c�e�s�.� �M�e�t�a�b�.� �2�7�(�8�)�:� �9�5�3�-�9�6�0�.� 

�H�o�l�l�a�n�d�,� �J�.�,� �M�e�a�c�h�a�m�,� �T�.� �&� �K�r�o�n�f�e�l�d�,� �D�.� �(�1�9�9�5�)� �D�i�g�e�s�t�i�b�i�l�t�y� �o�f� 
�l�e�c�i�t�h�i�n� �c�o�n�t�a�i�n�i�n�g� �d�i�e�t�s� �b�y� �h�o�r�s�e�s�.� �P�r�o�c�.� �1�4� �E�q�u�i�n�e� 
�N�u�t�r�.� �a�n�d� �P�h�y�s�i�o�l�.� �S�y�m�p�.�,� �p�p�.� �8�0� �-� �8�1�.� �O�n�t�a�r�i�o�,� �C�A�.� 

�J�e�n�k�i�n�s�,� �T�.� �&� �N�.� �F�o�t�o�u�h�i�,� �N�.� �(�1�9�8�9�)� �E�f�f�e�c�t�s� �o�f� �l�e�c�i�t�h�i�n� �a�n�d� 
�c�o�r�n� �o�i�l� �o�n� �s�i�t�e� �o�f� �d�i�g�e�s�t�i�o�n�,� �r�u�m�i�n�a�l� �f�e�r�m�e�n�t�a�t�i�o�n� �a�n�d� 
�m�i�c�r�o�b�i�a�l� �p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s� �i�n� �s�h�e�e�p�.� �J�.� �A�n�i�m�.� �S�c�i�.� �6�8�:� 
�4�6�0�-�4�6�6�.� 

�J�o�n�e�s�,� �D�.�,� �H�a�n�c�o�c�k�,� �J�.�,� �H�a�r�m�o�n�,� �D�.� �&� �W�a�l�k�e�r�,� �C�.� �(�1�9�9�2�)� 
�E�f�f�e�c�t�s� �o�f� �e�x�o�g�e�n�o�u�s� �e�m�u�l�s�i�f�i�e�r�s� �a�n�d� �f�a�t� �s�o�u�r�c�e�s� �o�n� 
�n�u�t�r�i�e�n�t� �d�i�g�e�s�t�i�b�i�l�i�t�y�,� �s�e�r�u�m� �l�i�p�i�d�s�,� �a�n�d� �g�r�o�w�t�h� 
�p�e�r�f�o�r�m�a�n�c�e� �i�n� �w�e�a�n�l�i�n�g� �p�i�g�s�.� �J�.� �A�n�i�m�.� �S�c�i�.� �7�0�:� �3�4�7�3� �-� 
�3�4�8�2�.� 

�L�i�t�t�l�e�j�o�h�n�,� �A�.� �&� �S�n�o�w�,� �D�.� �(�1�9�8�8�)� �C�i�r�c�u�l�a�t�o�r�y�,� �r�e�s�p�i�r�a�t�o�r�y� �a�n�d� 
�m�e�t�a�b�o�l�i�c� �r�e�s�p�o�n�s�e�s� �i�n� �T�h�o�r�o�u�g�h�b�r�e�d� �h�o�r�s�e�s� �d�u�r�i�n�g� �t�h�e� 
�f�i�r�s�t� �4�0�0� �m�e�t�e�r�s� �o�f� �e�x�e�r�c�i�s�e�.� �E�u�r�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �5�8�:� 
�3�0�7�-�3�1�4�.� 

�M�a�u�r�o�n�,� �J�.� �&� �L�e�a�t�h�w�o�o�d�,� �P�.� �(�1�9�8�7�)� �D�i�e�t�a�r�y� �p�h�o�s�p�h�a�t�i�d�y�l�c�h�o�l�i�n�e� 
�a�s� �a� �p�r�e�c�u�r�s�o�r� �o�f� �b�r�a�i�n� �a�c�e�t�y�l�c�h�o�l�i�n�e�.� �I�n�:� �L�i�p�i�d�s� �i�n� 
�M�o�d�e�r�n� �N�u�t�r�i�t�i�o�n� �(�H�o�r�i�s�b�e�r�g�e�r�,� �M�.� �&� �B�r�a�c�c�o�,� �U�.�,� �e�d�s�.�)�,� �p�p�.� 
�1�3�3�-�1�4�5�.� �V�e�v�e�y�/�R�a�v�e�n� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�M�c�C�o�l�l�u�m�,� �D�.�,� �M�i�l�l�e�r�-�G�r�a�b�e�r�,� �P�.�,� �K�o�l�t�e�r�m�a�n�,� �T�.�,� �M�a�r�t�i�n�e�z�,� �T�.� 
�&� �S�h�a�r�p�,� �R�.� �(�1�9�9�3�)� �T�h�e� �m�e�t�a�b�o�l�i�c� �r�e�s�p�o�n�s�e� �t�o� �e�x�e�r�c�i�s�e� �a�n�d� 
�c�o�n�d�i�t�i�o�n�i�n�g�:� �a� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �A�r�a�b�i�a�n�s� �a�n�d� �Q�u�a�r�t�e�r� 
�H�o�r�s�e�s�.� �P�r�o�c�.� �1�3�%� �E�q�u�i�n�e� �N�u�t�r�.� �P�h�y�s�i�o�l�.� �S�y�m�p�.�,� �p�p�.� �2�0�5�-� 
�2�1�0�.� �G�a�i�n�e�s�v�i�l�l�e�,� �F�L�.� 

�M�c�K�e�e�v�e�r�,� �K�.�,� �S�c�h�u�r�g�,� �W�.�,� �J�a�r�r�e�t�t�,� �S�.� �&� �C�o�n�v�e�r�t�i�n�o�,� �V�.� �(�1�9�8�7�)� 
�E�x�e�r�c�i�s�e� �t�r�a�i�n�i�n�g�-�i�n�d�u�c�e�d� �h�y�p�e�r�v�o�l�e�m�i�a� �i�n� �t�h�e� �h�o�r�s�e�.� �M�e�d�.� 
�a�n�d� �S�c�i�.� �i�n� �S�p�o�r�t�s� �a�n�d� �E�x�e�r�c�i�s�e� �1�9�(�1�)�:� �2�1� �-� �2�7�.� 

�M�e�d�b�o�,� �J�.� �&� �O�.� �S�e�j�e�r�s�t�e�d� �(�1�9�9�4�)� �P�l�a�s�m�a� �[�K�*�]� �c�h�a�n�g�e�s� �d�u�r�i�n�g� 
�i�n�t�e�n�s�e� �e�x�e�r�c�i�s�e� �i�n� �e�n�d�u�r�a�n�c�e�-�t�r�a�i�n�e�d� �a�n�d� �s�p�r�i�n�t�-�t�r�a�i�n�e�d� 
�s�u�b�j�e�c�t�s�.� �A�c�t�a�.� �P�h�y�s�i�o�l�.� �S�c�a�n�d�.� �1�5�1�:� �3�6�3� �-� �3�7�1�.� 

�P�a�r�k�s�,� �C�.� �&� �M�a�n�o�h�a�r�,� �M�.� �(�1�9�8�4�)� �B�l�o�o�d�-�g�a�s� �t�e�n�s�i�o�n�s� �a�n�d� �a�c�i�d�-� 
�b�a�s�e� �s�t�a�t�u�s� �i�n� �p�o�n�i�e�s� �d�u�r�i�n�g� �t�r�e�a�d�m�i�l�l� �e�x�e�r�c�i�s�e�.� �A�m�.� �J�.� 
�V�e�t�.� �R�e�s�.� �4�5�(�1�)�:� �1�5�-�1�9�.� 
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�R�i�v�e�r�o�,� �J�.�,� �G�a�l�i�s�t�e�o�,� �A�.�,� �A�g�u�e�r�a�,� �E�.� �&� �M�i�r�o�,� �F�.� �(�1�9�9�3�a�)� 
�S�k�e�l�e�t�a�l� �m�u�s�c�l�e� �h�i�s�t�o�c�h�e�m�i�s�t�r�y� �i�n� �m�a�l�e� �a�n�d� �f�e�m�a�l�e� 
�A�n�d�a�l�u�s�i�a�n� �a�n�d� �A�r�a�b�i�a�n� �h�o�r�s�e�s� �o�f� �d�i�f�f�e�r�e�n�t� �a�g�e�s�.� �R�e�s�.� �i�n� 
�V�e�t�.� �S�c�i�.� �5�4�:�1�6�0� �-� �1�6�9�.� 

�R�i�v�e�r�o�,� �J�.�,� �S�e�r�r�a�n�o�,� �A�.�,� �H�e�n�c�k�e�l�,� �P�.� �&� �A�g�u�e�r�r�a�,� �E�.� �(�1�9�9�3�b�)� 
�M�u�s�c�l�e� �f�i�b�e�r� �t�y�p�e� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �f�i�b�e�r� �s�i�z�e� �i�n� 
�s�u�c�e�s�s�f�u�l�l�y� �a�n�d� �u�n�s�u�c�e�s�s�f�u�l�l�y� �e�n�d�u�r�a�n�c�e�-�r�a�c�e�d� �h�o�r�s�e�s�.� �J�.� 
�A�p�p�l�.� �P�h�y�s�i�o�l�.� �7�5�(�4�)�:�1�7�5�8� �-� �1�7�6�6�.� 

�R�i�v�e�r�o�,� �J�.� �&� �S�e�r�r�a�n�o�,� �A�.� �(�1�9�9�5�)� �T�r�a�i�n�i�n�g� �a�n�d� �d�e�t�r�a�i�n�i�n�g� 
�i�n�d�u�c�e�d� �m�o�d�i�f�i�c�a�t�i�o�n�s� �i�n� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e� �h�i�s�t�o�c�h�e�m�i�s�t�r�y� �i�n� 
�d�i�f�f�e�r�e�n�t� �b�r�e�e�d�s� �o�f� �h�o�r�s�e�s�.� �P�r�o�c�.� �1�4� �E�q�u�i�n�e� �N�u�t�r�.� �a�n�d� 
�P�h�y�s�i�o�l�.� �S�y�m�p�.�,� �p�p�.� �2�6�9� �- �� �2�7�0�.� �O�n�t�a�r�i�o�,� �C�A�.� 

�R�o�s�e�,� �R�.�,� �H�o�d�g�s�o�n�,� �D�.�,� �K�e�l�s�o�,� �T�.�,� �M�c�C�u�t�c�h�e�o�n�,� �L�.�,� �B�a�y�l�y�,� �W�.� �&� 
�G�o�l�l�n�i�c�k�,� �P�.� �(�1�9�9�0�)� �E�f�f�e�c�t�s� �o�f� �a�c�e�t�a�z�o�l�a�m�i�d�e� �o�n� �m�e�t�a�b�o�l�i�c� 
�a�n�d� �r�e�s�p�i�r�a�t�o�r�y� �r�e�s�p�o�n�s�e�s� �t�o� �e�x�e�r�c�i�s�e� �a�t� �m�a�x�i�m�a�l� �O�,� 
�u�p�t�a�k�e�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�8�:� �6�1�7�-�6�2�6�.� 

�S�a�n�d�a�g�e� �J�r�.�,� �B�.�,� �S�a�b�o�u�n�j�i�a�n�,� �R�.�,� �W�h�i�t�e�,� �R�.� �&� �W�u�r�t�m�a�n�,� �R�.� 
�(�1�9�9�2�)� �C�h�o�l�i�n�e� �c�i�t�r�a�t�e� �m�a�y� �e�n�h�a�n�c�e� �a�t�h�l�e�t�i�c� �p�e�r�f�o�r�m�a�n�c�e�.� 
�T�h�e� �P�h�y�s�i�o�l�i�g�i�s�t� �2�5�(�4�)�:� �2�3�6�.� 

�S�A�S�.� �(�1�9�9�0�)� �S�A�S�/�S�T�A�T�®� �U�s�e�r�'�s� �G�u�i�d�e�:� �S�t�a�t�i�s�t�i�c�s� �(�V�e�r�s�i�o�n� �6�,� �4�%� 
�E�d�.�)�.� �S�A�S� �I�n�s�t�i�t�u�t�e�,� �I�n�c�.�,� �C�a�r�y�,� �N�C�.� 

�S�i�m�i�,� �B�.�,� �S�e�m�p�o�r�e�,� �B�.�,� �M�a�y�e�t�,� �M�.� �&� �F�a�v�i�e�r�,� �R�.� �(�1�9�9�1�)� �A�d�d�i�t�i�v�e� 
�e�f�f�e�c�t�s� �o�f� �t�r�a�i�n�i�n�g� �a�n�d� �h�i�g�h�-�f�a�t� �d�i�e�t� �o�n� �e�n�e�r�g�y� �m�e�t�a�b�o�l�i�s�m� 
�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �7�1�(�1�)�:�1�9�7� �-� �2�0�3�.� 

�S�n�o�w�,� �D�.� �&� �G�u�y�,� �P�.� �(�1�9�8�0�)� �M�u�s�c�l�e� �f�i�b�e�r� �t�y�p�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �a� 
�n�u�m�b�e�r� �o�f� �l�i�m�b� �m�u�s�c�l�e�s� �i�n� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �h�o�r�s�e�.� �R�e�s�.� 
�V�e�t�.� �S�c�i�.� �2�8�:� �1�3�7�-�1�4�4�.� 

�S�t�e�w�a�r�t�,� �P�.� �(�1�9�8�1�)� �H�o�w� �t�o� �U�n�d�e�r�s�t�a�n�d� �A�c�i�d�-�B�a�s�e�.� �E�l�s�e�v�i�e�r�.� 
�N�o�r�t�h� �H�o�l�l�a�n�d�,� �I�n�c�.� �N�e�w� �Y�o�r�k�,� �N�.�Y�.� 

�T�a�y�l�o�r�,� �L�,� �F�e�r�r�a�n�t�e�,� �P�.�,� �M�e�a�c�h�a�m�,� �T�.�,� �K�r�o�n�f�e�l�d�,� �D�.� �&� �T�i�e�g�s�,� �W�.� 
�(�1�9�9�4�a�)� �A�c�i�d�-�b�a�s�e� �r�e�s�p�o�n�s�e�s� �t�o� �e�x�e�r�c�i�s�e� �i�n� �h�o�r�s�e�s� �t�r�a�i�n�e�d� 
�o�n� �a� �d�i�e�t� �c�o�n�t�a�i�n�i�n�g� �a�d�d�e�d� �f�a�t�.� �J�.� �A�n�i�m�.� �S�c�i�.� �(�i�n� �p�r�e�s�s�)�.� 

�T�a�y�l�o�r�,� �L�.�,� �F�e�r�r�a�n�t�e�,� �P�.�,� �W�i�l�s�o�n�.� �J�.� �&� �K�r�o�n�f�e�l�d�,� �D�.� �(�1�9�9�4�b�)� 
�A�r�t�e�r�i�a�l� �a�n�d� �c�e�n�t�r�a�l� �v�e�n�o�u�s� �a�c�i�d�-�b�a�s�e� �s�t�a�t�u�s� �a�n�d� �s�t�r�o�n�g� 
�i�o�n� �d�i�f�f�e�r�e�n�c�e� �d�u�r�i�n�g� �r�e�p�e�a�t�e�d� �s�p�r�i�n�t�s�.� �E�q�u�i�n�e� �V�e�t�.� �J�.� 
�(�i�n� �p�r�e�s�s�)�.� 
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�T�a�y�l�o�r�,� �L�.�,� �F�e�r�r�a�n�t�e�,� �P�.�,� �W�i�l�s�o�n�,� �J�.� �&� �K�r�o�n�f�e�l�d�,� �D�.� �(�1�9�9�4�c�)� �A� 

�v�o�n� 

�c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�r�e�e� �t�e�m�p�e�r�a�t�u�r�e� �m�e�a�s�u�r�e�m�e�n�t� �s�i�t�e�s� �f�o�r� �t�h�e� 
�a�d�j�u�s�t�m�e�n�t� �o�f� �b�l�o�o�d� �g�a�s� �d�a�t�a� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �a�c�i�d�-� 
�b�a�s�e� �s�t�a�t�u�s� �i�n� �h�o�r�s�e�s� �d�u�r�i�n�g� �i�n�c�r�e�m�e�n�t�a�l� �e�x�e�r�c�i�s�e� 
�(�A�b�s�t�r�.�)�.� �P�r�o�c�.� �2!"� �A�n�n�u�a�l� �C�a�n�a�d�i�a�n� �S�o�c�.� �E�x�e�r�c�i�s�e� 
�P�h�y�s�i�o�l�.�,� �p�p�.� �1�0�1�.� �H�a�m�i�l�t�o�n�,� �O�n�t�a�r�i�o�,� �C�a�n�a�d�a�.� 

�A�l�l�w�o�r�d�e�n�,� �H�.�,� �H�o�r�n�,� �S�.�,� �K�a�h�l�,� �J�.� �&� �F�e�l�d�h�e�i�m�,� �W�.� �(�1�9�9�3�)� 
�T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �l�e�c�i�t�h�i�n� �o�n� �p�l�a�s�m�a� �c�h�o�l�i�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 
�i�n� �t�r�i�a�t�h�l�e�t�e�s� �a�n�d� �a�d�o�l�e�s�c�e�n�t� �r�u�n�n�e�r�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�.� 
�E�u�r�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�7�:� �8�7�-�9�1�.� 

�W�i�c�k�l�e�r�,� �S�.� �&� �T�r�o�y�,� �W�.� �(�1�9�9�1�)� �B�l�o�o�d� �v�o�l�u�m�e�,� �l�a�c�t�a�t�e� �a�n�d� 
�c�o�r�t�i�s�o�l� �i�n� �e�x�e�r�c�i�s�i�n�g� �A�r�a�b�i�a�n� �e�q�u�i�t�a�t�i�o�n� �h�o�r�s�e�s�.� �I�n�:� 
�E�q�u�i�n�e� �E�x�e�r�c�i�s�e� �P�h�y�s�i�o�l�o�g�y� �3� �(�P�e�r�s�s�o�n�,� �S�.�,� �L�i�n�d�h�o�l�m�,� �A�.� �&� 
�J�e�f�f�c�o�t�t�,� �L�.�,� �e�d�.�)�,� �p�p�.� �3�9�7�-�4�0�1�.� �I�C�E�E�P� �P�u�b�.�,� �D�a�v�i�s�,� �C�A�.� 

�W�i�l�s�o�n�,� �J�.�,� �W�i�l�l�i�a�m�s�,� �J�.�,� �K�r�o�n�f�e�l�d�,� �D�.�,� �G�a�y�,� �L�.� �&� �W�i�l�s�o�n�,� �T�.� 
�(�1�9�9�5�)� �S�a�r�c�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� �r�e�s�p�o�n�s�e�s� �t�o� �d�i�e�t�a�r�y� 
�l�e�c�i�t�h�i�n�.� �P�r�o�c�.� �1�4�*�°� �E�q�u�i�n�e� �N�u�t�r�.� �a�n�d� �P�h�y�s�i�o�l�.� �S�y�m�p�.�,� �p�p�.� 
�1�5�-�1�6�.� �O�n�t�a�r�i�o�,� �C�A�.� 
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