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CHAPTER I 

INT~ODUCTION 

The first edition of the National Research Council Rec

ommended Dietary Allowances (RDAs) for various nutrients was 

published in 194). As more evidence regarding its utiliza

tion has accumulated, the allowance for ascorbic acid has 

changed severa~ times over the years. In the 1980 edition of 

the NRC RDAs, the allowance was increased from 45 milligrams 

(mg) to 60 mg. The RDAs are designed to provide for the known 

nutritional needs of practically all healthy persons in the 

United States (National Research Council, 1980), but no spec

ial allowances have been published for nutritional needs dur

ing training or exercise. 

With the growing interest in exercise, fitness, health, 

and nutrition, many claims have been made (frequently without 

cited research to support them) that certain nutrients are 

needed in increased amounts during stress. Because of its 

role in colla~en synthesis, tissue formation, and catechol

am ine catabolism, vitamin C is one of the most frequently 

mentioned of these nutrients ·. Even conservative authors rec

ommend supplements (Cooper, 1977). 

I n trained athletes, some research has shown ascorbic 

acid supplement ati on i mproves cardiac efficienc y (Howald et 

al ., 1975) or inc reases apparent body pool size (Namyslowski, 
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1956). However, very little research on nutrient needs dur

ing the training process has been done. The present study 

monitored ascorbic acid intake, excretion, and blood levels 

in a group of young women before and during a period of phys

ical training in order to assess changes in ascorbic acid re

quirements and body pool size. 



CHAPTER II 

STATEMENT OF THE PROBLEM 

The problems addressed in this study were the following: 

In untrained adult females, is there a significant difference 

in urinary excretion of ascorbic acid before and during the 

training process when dietary ascorbic acid is kept constant? 

Under the same conditions, is there a significant difference 

-in blood levels of ascorbic acid? 



CHAPTER III 

DEFINITION OF TERMS 

The following definitions were accepted for terms used 

in this studyz 

Untrained - reaching 85 percent of predicted maximum heart 

rate for age (Zohman,. 1973) on the treadmill before completing 

the following exercises At a constant four mile per hour rate, 

treadmill grade is increased by five percent every three min

utes (starting at zero percent grade) Until a final grade of 

20 percent is reached. Total time on the treadmill (Quinton 

model 1444-B) would be 15 minutes or less. 

Training process - steadily improving cardiovascular-pulmonary 

efficiency, accomplished by regular aerobic exercise. 

Aerobic exercise ·- exercise that demands oxygen, but does not 

produce an intolerable oxygen debt, and so can be continued 

f or long periods of time. 



History 

CHAPTER IV 

REVIEW OF LITERATURE 

The relationship of vttamin C to exercise has not been 

well established. Beginning with its role as an antiscorbuti.c 

agent, ascorbic acid has received a gre·at deal of attention 

ove·r the years. As more research has been done, ascorbic acid 

has been found to ~ave· many more physiological functions than · 

w·as at first suspected. Some of the physiological changes. that 

occur as a result of physical conditioning are · reactions that 

require ascorbic acid. For this· reason, some investigators 

belie·ve that ascorbic acid requirements may differ during 

training. 

The basic research on ascorbic acid was done in the early 

twentieth century. During this time, the vitamin -was isolated 

and its chemical properties were described. However, the val

ue of foods containing ascorbic acid was first discovered cen

turies ago. Urban Hiaerne, a Swedish physician who lived from 

1641 to 1724, was the first to prescribe fresh cloudberries 

for scurvy. This was a common malady in Sweden when the diet 

consisted primarily of salt meat, Swedish turnips, and beer 

• (Aberg, 1950). Naval explorers used vitamin C-containing foods 

to prevent and cure scurvy, the "scourge of the Navy." In 

1757, Dr. James Lind described experiments which showed that 
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supplementing the diet of scorbutic British seamen with oranges 

and lemons led to a miraculous cure of scurvy (~cCollum, 1957). 

Holst and Frohlich found in 1907 that guinea pigs developed 

scurvy when restricted to a diet of cereal grains alone, but 

remained healthy if cabbage was also provided (McCollum, 1957). 

This finding was significant since it provided a test animal 

-r·or further vitamin C studies. Man, some other primates, guinea 

pig~ and fruit bats are the only mammals that require the vita-

min; other species are able to produce ascorbic acid via the 

uronic acid . pathway. Specifically, primates and guinea pigs 

lack the enzyme L-gulonoxidase, which converts L-gulonolactone 

to 2-keto-L-gulonolactone (Mayes, 1979). See Figure 1. 

0 
II 
C-OH 
I 

HO-C-H 
I 

HO-C-H 

H-6-0H 
I 

HO-C-H 
I 
CH 2o2 

L-gulonate 

0 
fl· . c 

. jl 
02 HO-rr ~ 
~ f , 2-keto-L- ~ HO-CJ 
~ulonolactone I 

H20 
/ > gulonolactone 

block in 
primates and 
guinea pigs 

H-C 
I 

HO-C-H 
I 
CH20H 

L-ascorbate 

Figure 1. Conversion of L-gulonate to L-ascorbate 

Foods were also valuable in early vitamin C research. 

Szent-Gyorgyi first isolated ascorbic acid in turnip juice in 

1928. In 1932, Waugh and King again isolated ascorbic acid, 
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this ·time in lemon juice, and demonstrated its activity as an 

anitscorbutic agent in guinea pigs. 

Chemistry 

The chemical reactions typical of ascorbic acid made . iso

lation and identification possible. In fact, Szent-Gyorgyi's 

isolation of ascorbic acid began as an effort to identify an 

tmknown .. Reducing Factor" in turnip juice. He named the re

ducing factor hexuronic acid. 

Ascorbic acid is a six-carbon carbohydrate which is readily 

oxidized to dehydroascorbic acid. See Figure 2. The reaction 

is easily reversed, and this interconversion between the two 

~2H 

r::::::::: 
2H 

0 
II 

Tl. O=C 
I o. 

) 

O=rJ 
H-C 

I 
HO-C-H 

I 
CH20H 

dehydroascorbic 
acid 

COOH 
I 
C=O 
I 
C=O 
I 

H-C-OH 
I 

HO-C-H 
I 
CH20H 

diketogulonic 
acid 

Figure 2. Oxidation of ascorbic acid 

active forms of the vitamin is probably at least partially 

responsible for its functions and physiological properties. 

Fur ther oxidation is irreversible and produces diketogulonic 
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acid, which is physiologically inactive. Reduced ascorbic acid 

is the most s ·table form. In citrus fruits, vi tam in C is pro

tected by both acids and other constituents that inhibit oxida

tion. As a result, ascorbic_ acid is very· stable in whole cit

rus fruits, even if stored at 75 to 85°F., and only minimal 

amounts of vitamin C ·are lost from covered, refrigerated orange 

juice (Beisel & Robison, 1980). 

Biochemical function 

Many of the biochemical functions of ascorbic acid are 

related to its chemistry, specifically, its action as are

ducing agent. 

In the intestine, ascorbic acid reduces iron to the fer

rous state, enhancing its absorption (Munro, 1980). Ascorbic 

acid helns transfer plasma-bound iron to the liver and facili

tates its incorporation into ferritin. Ascorbic acid is specif

ically requ·ired for the latter function; other reducing agents 

can not replace it. It is hypo±hesized that ATP, ascorbic acid, 

and iron form an activated complex to reduce ionic or trans

ferrin-bound ferric iron to the ferrous state, with the ATP-

iron complex acting as an artifical ascorbic acid oxidase 

(Mazur, 1961). 

Vitamin C is necessary for the conversion of folic acid 

to its active form, ~clinic acid (N5-formyltetrahydrofolic 

acid). 
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A role has been suggested for ascorbic acid in the elec

tron transport chain between NADH and cytochrome b 5• This 

reaction is coupled with hydroxylation reactions, with mono

dehydroascorbic acid ftmctioning as the electron acceptor 

(Staudinger et al., 1961). These authors hypothesize that 

the electron transfer mechanism is ascorbic acid dependent, 

at least when coupled with hydroxylation reactions~ . 

In scurvy, collagen synthesis is impaired because of as

corbic acid's role in hydroxylation of proline and lysine. 

Hydroxyproline and hydroxylysine are amino acids found almost 

exclusively in collagen. Their hydroxylation requires proline 

hydroxylase, lysine hydroxylase, molecular oxygen, ferrous 

iron, •-ketoglutaric acid, and a reducing substance (Peterkof-

_sky & Udenfriend, 1965). Ascorbic acid is the reducing sub

stance, though 2-amino-4-hydroxydimethylpteridine can also 

serve in this function. 

Collagen is a protein found in the fibers of all types 

of connective tissue, including cartilage, skin, and bone. 

The hydroxylation of proline and lysine in collagen occurs af

ter prolyl and lysyl residues are incorporated into peptide 

linkages during the process of ribosomal collagen polypeptide 

synthesis (Barnes, 1975). Then three amino acid chains join 

together at the amino terminals, forming a triple helix. Inter

chain hydrogen bonds are the primary forces holding the structure 
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together, and hydroxylysine is especially involved in the 

cross-linkages. 

The collagen synthesized when ascorbic acid is deficient 

is unhydroxylated or underhydroxylated (Barnes, 1975) and can 

not properly form structural protein fibers, resulting in the 

signs and symptoms of scurvy. Capillaries are easily ruptured, 

leading to easy bruising, joint hemorrhage, and pinpoint peri

pheral hemorrhages. Wounds heal slowly, bones fracture easily, 

and gingivitis occurs. 

The organic phase of bone consists almost entirely of col

lagen, its inorganic portion is mainly calcium phosphate. Col

lagen must be present for deposition of calcium phosphate crys

tals to occur, and ascorbic acid is thought to be essential 

in this process (Anderson, 1977). This explains the propensity 

for easy :rracturing in scurvy. 

Other hydroxylations also require ascorbic acid. Ascor

bic acid has been shown to stimulate the activities of trypto

phan-5-hydroxylase and tyrosine hydroxylase in vivo in guinea 

pigs (Nakashima et al., 1970). Behrens and Madere (1980) hypo

thesize that the tyrnsine hydroxylase activity is increased by 

induction of the enzyme by ascorbic acid. Enzymic hydroxyla

tions of phenylalanine, tyrosine, and· tryptophan all involve 

the oxidation of 5,6,7,8-tetrahydrobiopterin to quinoid di

hydrobiopterin. In a functioning enzyme system, quinonoid di

hydrobiopterin is recycled back to tetrahydrobiopterin by 
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dihydropteridine reductase and NADPH. This recycling allows 

the hydroxylations to go closer to completion, and ascorbic 

acid and NADPH assist in the regeneration of more ·tetrahydro

biopterin. Since tyrosine hydroxylase and tryptophan hydroxyl

ase both require tetrahydrobio·pterin, the effect of ascorbic . 

acid in vivo on these. enzymes may be a result of its capacity 

to maintain the pterin cofactor in its more reduced form (Stone 

& Townsley. 197J.). Other reducing agents may also be able to 

fulfill this role. 

Ascorbic acid has also been established as a cofactor in 

the !-hydroxylation o-r dopamine to norepinephrine by dopamine-

fl-hydroxylase. This is a rate limiting step in the synthesis 

of norepinephrine. Dopamine-/-hydroxylase is a copper-contain

ing enzyme, and ascorb-ic acid serves both as a cosubstrate and 

as a reducing agent for the cu2+ ions (Kaufman, 1966). 

Ascorbic acid apparently affects storage of norepinephrine 

in the adrenergic neurons. Storage and uptake of norepinephrine 

is influenced by sodium, potassium, and calcium ions, and it 

is hypothesized that ascorbic acid specifically affects active 

transport of sodium and potassium in the brain and prevents 

norepinephrine loss by affecting the sodium-potassium ATPase 

(Subramanian, 1977). 

Catecholamines are inactivated by both methylation and 

oxidation. In humans, the principle urinary metabolite of 

epinephrine and norepinephrine is vanilmandelic acid (4-hydroxy-
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J-methoxy-mandelic acid). Metanephrine (3-methoxyepinephrine) 

and 4-hydroxy-J-methoxyphenylglycol also are found in .urine, 

but in smaller quantities (Grodsky, 1979). One possible ex

cretion product of ascorbic acid is methylascorbic acid. By 

compe·tition for the methylation enzyme system,. ascorbic acid 

acts as a potent inhibitor of catecholamine inactivation ·~ 

vitro (Ascorbic acid and catecholamines, 1976) •. Thus ascorbic 

acid could possibly affect regulation of catecholamine catab

o~ism, at least in tissues where the vitamin is present in 

high concentrations, and ascorbic acid is found in relatively 

high concentrations in the brain (Hornig, 1975). 

Ascorbic acid aids in the detoxification of exces·s hista

mine by cleavage of the imidazole moiety (Subramanian, 1977). 

In rats, administration of ascorbic acid along with drugs that 

induce formation of histamine led to a decrea~e in urinary 

histamine level, indicating detoxification of histamine. In 

guinea pigs, administration of histamine-producing or histamine

releasing drugs was followed by a decrease in urinary ascorbic 

acid, indicating greater utilization of the vitamin (Chatter

jee, 1975). This histamine detoxification may be a factor in 

the decreased duration of and disability from common cold . 

symptoms seen with large doses of ascorbic acid (Anderson et 

al., 1972). In guinea pigs on scorbutic diets, as blood as

corbic acid decreased, histamine levels increased, reaching 

a maximum before symptoms of scurvy occurred. Increased 
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histamine could ex·plain the capillary degeneration in scurvy. 

Since histamine has a strong vasodilating action on c~pillaries, 

increased histamine would lead to hyperemia and increased cap

illary pe~eabiliby (Chatterjee, 1975). A recent study has 

also shown an inverse relationship between ascorbic acid and 

histamine in humans (Clemetson, 1980) •. A total of 437 human 

blood samples were analyzed for histamine and plasma reduced 

ascorbic acid. Persons with decreased pla~ma ascorbic acid 

fevels had increased histamine levels. The histamine level 

rose gradually when ascorbic acid level fell below 1 mg/100 ml, 

and the increase became highly significant with ascorbic acid 

levels below 0.7 mg/100 ml. The author suggests that this 

latter value may be used as a dividing line ror indication of 

ascorbic acid deficiency. 

Ascorbic acid-J-sulfate (AAS) is an excellent sulfating 

agent under mild oxidizing conditions. In rats, ascorbic acid 

and AAS have been shown to exert a hypocholestemic effect. 

Mumma and Verlangieri (1971) propose that this erfect is due 

to intermediate synthesis of AAS with subsequent sulfation of 

cholesterol to cholesterol sulfate. Cholesterol sulfate is 

then excreted in both feces and urine. In guinea pigs with 

chronic latent hypovitaminosis C (not acute scurvy), Ginter 

( 197.3) demonstrated that cholesterol accumulated in serum and 

liver. He hypothesized that this is due to a decrease in the 

rate of conversion of cholesterol to bile acids. This 
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conversion requires several hydroxylation reactions on the 

cholesterol nucleus and side chain. Because of the known 

function of ascorbic acid in hydroxylation reactions, he hy

pothesized that· ascorbic acid is essential for hydroxylation 

of cholesterol. In humans, Ramirez and Flowers (1980) have 

demonstrated a significantly lower leukocyte ascorbic level 

in patients with coronary atherosclerosis than in pat-ients 

with normal coronary arteries. However, it is possible that 

the tissue damage and histamine release that occurs in athero

sclerotic patients is the primary cause for increased vitamin 

C requirements. 

Absorption, storage, and excretion 

Ascorbic acid is absorbed readily, stored all over the 

body, and excreted mainly by the kidneys. Ascorbic acid is 

absorbed very rapidly and efficiently in the human jejunum 

(Nicholson & Chornock, 1942), probably by means of both simple 

diffusion and active sodium-dependent transport (Stevenson & 

Brush, 1969). The efficiency of ascorbic acid absorption de

creases as dosage increases, supporting the hypothesis of a 

saturable active transport process· (Mayersohn, 1972). The 

vitamin passes into the portal blood and to the liver. There 

is no extensive centralized storage of this water-soluble 

vitamin, but certain tissues do contain higher concentrations 

than others. Adrenal and pituitary tissue have relatively 
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high concentrations (Hornig, 1975), while leukocytes and plate

lets contain most of the body's vitamin C reserves (Marchand 

& Pelletier, 1977), 

The term "saturation" is often used to describe ascorbic 

acid status, This implies that there is a finite body pool 

that can be filled by giving a specific. amount of ascorbic 

acid, It also suggests that full saturation with this nutrient 

is beneficial. However, the concept of saturation is not used 

for other vitamins • 

. The size of the ascorbic acid body pool in man varies, 

but is thought to be .approximately 20 mg/kg body weight (1500 

mg) with plasma ascorbic acid levels of 1.0 mg/100 ml (Kallner 

et al., 1979), The level of 1.0 mg/100 ml was an average plasma 

level for this group of men who received from 30 to 180 mg as

corbic acid daily. However, body pool may be increased by in

creasing ascorbic acid intakes (Kallner et al., 1981). With 

intakes of approximately 200 mg/day, Baker et al. (1966) es

timated pool size to be 2JOO to 2800 mg (29 mg/kg body weight), 

The actual maximum pool depends on several nonlinear processes, 

including intestinal absorption, renal excretion, metabolism, 

and tissue binding, and so can not be extrapolated from data 

obtained with physiological doses. 

Kallner et al. (1979) determined from their study using 

radioactive labeling of ascorbic acid that a total turnover 

of about 60 mg/day occurs with a body pool of 1500 mg. To 
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allow for incomplete absorption and to meet the needs of most 

of the population of healthy, nonsmoking adult males, these 

authors suggest a daily intake of approximately 100 mg/day. 

The main pathway of ascorbic acid excretion is in urine, 

with only two percent or less of ingested ascorbic acid be-

ing excreted by exhalation (Irwin & Hutchins, 1976). The ex

cretion of vitamin C at any plasma level is determined by 

plasma concentration, glomerular filtrat-ion rate, and tubular 

reabsorption rate. Ascorbic acid is actively reabsorbed after 

glomerular filtration, probably in the proximal tubule (Berger 

et al., 1977). There is a maximal tubular reabsorption rate 

for ascorbic acid, beyond which excess is excreted in the urine. 

This is the renal threshold for. ascorbic acid. Friedmann et 

al. (1940) found that very little ascorbic acid was excreted 

below plasma levels of 1.5 mg/100 ml but in all urines collected 

from subjects with plasma vitamin C from 0.03 to 2.05 mg/100 

ml, there was some ascorbic acid present. This result suggests 

that there exists some minimal value of ascorbic acid excretion 

which is independent of plasma level and of very low magnitudea 

therefore, vitamin C reabsorption is never complete. 

The renal threshold for ascorbic acid may be defined as 

the plasma concentration at which a marked increase in urinary 

excretion of ascorbic acid occurs. Excretion above this plasma 

value is large and variable, while excretion is low and con

stant below the threshold. The renal threshold varies among 
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individuals, but is stable from year to year for each individ

ual (Klosterman et al., 194?). Table 1 lists ranges of renal 

thresholds. 

TABLE 1 

RENAL THRESHOLDS OF ASCORBIC ACID 

Threshold 

1.4 mg/100 ml serum 

1.1 - 1.8 mg/100 ml plasma 

1.0 - 1.3 mg/100 ml plasma 

1.5 mg/100 ml plasma 

Source 

Irwin & Hutchins, 1976 

Irwin & Hutchins, 1976 

Klosterman et al., 1947 

Lowry, 1952 

When tissues are saturated, urinary excretion of ascorbic 

acid varies directly with intake (Irwin & Hutchins, 1976). 

The blood level of ascorbic acid varies with intake and tissue 

concentration, but is a more accurate index of vitamin C sta

tus when tissues are greater than 50 percent saturated than 

at lower tissue levels (Lowry, 1952). Serum vitamin C levels 

respond more readily than leukocytes to recent dietary intakes 

of ascorbic acid (Sauberlich, 1975). Whole blood levels may 

be used as indicators of ascorbic acid status down to a pool 

size of JOO mg. At this pool size, scorbutic symptoms occur, 

and blood levels are erratic {Baker et al., 1971). 
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Requirement 

The recommended dietary allowances of the National Re

search Cotmcil are defined as 

levels of intake of essential nutrients considered, 
in the judgment of the Committee on Dietary Allow
ances on the basis of available scientific knowl
edge, to be adequate to meet the known nutritional 
needs of almost every healthy person •••• RDAs 
are not an ideal diet nor optimal nutrient intakes. 
Rather, they are acceptable levels of intake for 
population groups (National Research Council, 1980). 

Since RDAs are set high enough to meet the needs of individ- . 

uals with the highest requirements, they exceed the needs of 

most people under ordinary circumstances. 

The RDA for ascorbic acid has varied over the years, 

and FAO,/WHO, the Canadian Council on Nutrition, and the Brit-

ish Medical Association have set different levels of recom-

mended intake than the United States NRC has. The 1980 edition 

of ihe NRC RDAs calls for 60 mg ascorbic acid per day for adults. 

This increase over the 1974 recommendation of 45 mg was made 

after re-examination of evid·ence regarding rate of turnover 

of ascorbic acid in the body and the amount of ascorbic acid 

that must by absorbed to maintain this pool at 1500 mg and to 

maintain serum ascorbate levels at about 0.75 mg/100 ml. Sixty 

mg/day "will permit maintenance of satisfactory body pool suf-

ficient for several weeks, and . allow for an ascorbate catabol-

ism rate of three to four percent and absorption efficiency 

of approximately 85 percent" (National Research Council, 1980). 
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In addition, the higher dietary allowance for ascorbic acid 

will improve iron absorption •. 

Effectors of ascorbic acid status 

The requirement for ascorbic acid can be affected by en

vironmental factors. Smokers have been found to have lower 

blood levels of ascorbic acid than nonsmokers, indicating 

that smokers may have greater vitamin C requirements than 

nonsmokers (Bourquin & Musmanno, 1953; Pelletier, 1970). One 

hypothesis is that vitamin C absorption may be impaired in 

smokers (Pelletier, 1968). Another possibility is that some 

components of cigarette smoke (especially acrolein) may in

hibit the rediction of dehydroascorbic acid to ascorbic acid 

(Saindelle et al., 1969). 

Ascorbic acid status is not adversely affected, however, 

by oral contraceptives, provided that intake of ascorbic acid 

is "adequate" (Hudiburgh & Milner, 1979). Mean intake in this 

study of nonobese women who had used oral contraceptives for 

at least six months was 87 to 114 mg daily. 

In a study of five ovulating and five nonovulating women, 

Loh and Wilson (1971) found a pattern of variation in ascorbic 

ac i d excretion in ovulating women. Excretion dramatically 

increased at the same time as the increase in basal body tem

perature on the fourteenth day. The pattern of ascorbic acid 

excretion parallels excretion of leutenizing hormone at the 

time of ovulation. It should be noted, however, that the . 
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excretion of ascorbic acid was measured as mg/100 mL urine, 

disregarding total ascorbate excretion, and diet was not con

trolled for ascorbic acid except that all subjects received 

a 500 mg qaily supplement of the vitamin. Nevertheless, Sauber

lich (1975) observed that serum and leukocyte vitamin C concen

trations are greater in women than in men. 

Training 

Many physiological changes occur during training, and for 

some of these, vitamin C may be necessary. Training is defined 

as the development of increased cardiovascular efficiency by 

means of regular endurance ex ere ise. Cardiovascular effie

iency may be measured several ways, including maximum oxygen 

uptake (vo2 max) or simply increased endurance when performing 

exercise. vo2 max indicates the tissues' ability to use oxy

gen. When oxygen consumption reaches a plateau, there is no 

increase in oxygen available for tissues working against in

creased load. In the physically trained individual, vo2 max 

is greater because cardiac stroke volume continues to increase 

(up to a point) as work load increases (Kohn, 197J). Therefore, 

oxygen is more -- effectively delivered to exercising tissues. 

When an individual exercises, tissues require increased 

oxygen in order to carry on energy-providing metabolic reac

tions. As work increases, oxygen extraction from blood in

creases, and the arterio-venous oxygen difference increases 

up to three-fold. Tissues may extract up to 15 ml oxygen per 
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100 ml blood. Usually, only 5 m1 oxygen per 100 ml is extracted 

as the blood passes through .tissue·s. · To supply more oxygen to 

the tissues, heart rate accelerates, the degree of pulse rate 

increase being indicative of oxygen consumption (Phillips, 

197J). As mentioned earlier, however, the pulse rate of a 

trained individual will increase less than that of an tmtrained 

person because the trained person has a greater stroke volume. 

To accomplish a training effect, regular aerobic exercise 

is necessary. Aerobic exercise is any activity that uses 

large muscle groups and can be maintained continuously. Ex

amples of aerobic exercise are running-jogging, cycling, walk

ing, and swimming. The American College of Sports Medicine 

( 1978) makes · the foll·owing recommendations on the quantity and 

quality of exercise for healthy adults to perform in order to 

develop and maintain fitnessa Frequency of training should 

be three to five days per week. Training should . be from 15 

to 60 minutes of continuous aerobic activity. For the non

athletic adult, low to moderate intensity activity of longer 

duration is recommended. The training should be difficult 

enough that the cardiovascular system is challenged, but not 

so difficult that the exercising person is tmable to perform 

for l ong enough periods to produce a training effect. The in

tensity of training should be at 50 to 85 percent of vo2 max. 

Levi tas (1973) recommends training at 70 to 85 percent of maxi

mal heart rate. In addition,Levitas points out that a warm-up 
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period of 10 to 15 minutes of stretching exercises prior to 

training will loosen up muscles and joints and increase 

muscle temperature so there is enhanced enzymatic action at 

the cellular level, which improves oxygen metabolism. Levi

tas also says that the warm-up period allows capillary net

works to open up in both skeletal and myocardial muscle. A 

cool-down period of slow exercise for five to 10 minutes after 

training allows the body to make circulatory adjustments to 

prevent sudden pooling of blood in the lower extremities with 

resultant decrease in central and cerebral circulation. 

Significant training can occur in a short period of time. 

Schoenfeld et al. (1980) found that walking with a backpack 

load of three or six kilograms for JO minutes, five days week

ly, for as little as three or four weeks produced statistic

ally significant improvements in aerobic work capacity for all 

groups. The greatest increase occurred in the group carrying 

the heavier backpack. 

Physiologically, training is characterized by increased 

cardiac stroke volume and decreased heart rate both at rest 

and during exercise (Booth & Gould, 1975; Shepard, 19??). 

Shepard also cites the following benefits of exercisea Maxi

mum oxygen uptake increases, along with an increase in toler

ance for oxygen debt. Total blood volume increases, as does 

total body hemoglobin. However, hemoglobin per volume of 

blood is variable, perhaps indicating destruction of red blood 
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cells. There . is augmented activity of enzymes concerned with 

glycogen synthesis and breakdown, glucose breakdown, and pyru

vate oxidation. 

Booth and Gould found that high intensity training was 

associated with increased bone density, while lower intensity 

training does not change bone density in rats. They hypoth

esize that bone collagen probably has a shorter half-life than 

collagen in other tissues, and that frequent exercise may de

crease the rate of collagen degradation of bone. They con-· 

elude that physical training, by altering rates of synthesis 

and degradation of collagen in all tissues, can strengthen 

bones, ligaments, and tendons, making them less susceptible 

to injury. Kiiskinen and Heikkinen (1975) had similar results 

with mice. They found increased weight and density of bones, 

secondary to increased hydroxyproline and calcium content of 

bone. They postulate some hormonal influence in the adaptation 

of connective tissue to exercise. Nilsson and Westlin (1971) 

found significantly greater bone density in 64 male athletes 

as compared to 39 healthy male controls. They found an even 

more pronounced difference though, between nonathletes who 

exercised regularly and those who participated in no exercise. 

Plasma catecholamines increase .during exercise. The sym-

patho-adrenal system helps to maintain blood pressure and facil-

itates use of reserve fuel or shifts metabolism in whichever 

direction is suitable for the body's current needs (Von Euler, 

; 
~ 

l r 
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1974). Plasma norepinephrine and epinephrine both increase 

during physical exercise, but the increase in norepinephrine 

is proportionally greater (Dimsdale & Moss, 1980). Both nor

epinephrine and epinephrine mobilize fatty acids, and an in

crease in circ.ulating free fatty acids occurs during exercise. 

Norepinephrine is highly correlated with increased heart rate 

and pulmonary artery oxygen saturation, the latter indicating 

the overall metabolic situation of the tissues. After train

ing, though, the norepinephrine response to exercise in man 

is reduced (Christensen et al., 1979). · 

More information has been gained in animal studies. In 

rats which were trained on a treadmill for 12 weeks, total 

catecholamine excretion increased for the first four weeks 

( Bernet & Denimal, 1975). By the sixth week, this had re

versed, and training rats showed lower catecholamine concen-

trations than controls.. Specifically, this pattern held true 

for norepinephrine, but epinephrine's decrease after the first 

four weeks was smaller and less consistent than that for nor

epinephrine, and epinephrine in training animals never dropped 

below control levels. Interestingly, the epinephrine to nor

epinephrine ratio was consistently higher for trained than 

untrained rats. Bernet and Denimal conclude that training 

c auses a reduction in sympathetic activity leading both to a 

progressive decrease in urinary excretion of catecholamines 

and a corresponding decrease in heart rate during exercise. 



25 

Severe exercise may decrease renal plasma flow while in

creasing the filtration fraction (Poortmans, 1977). This oc

curs because glomerular filtration rate decreases relatively 

less than renal plasma flow during exercise. These effects 

are less pronounced at lower levels -of exercise, but Poortmans 

also reports a considerable person-to-person difference in 

urine flow in response to exercise. This may -have been due 

to differing levels of training within the group he tested. 

Kachadorian and Johnson (1970) found that -mild exercise may 

actually increase urine flow and glomerular filtration rate 

(GFR) above values found at rest. Heavy exercise (10.5 kilo-

meters per hour on treadmill), they agree, may inhibit renal 

function. Frye (1978) found renal filtration unchanged dur

ing moderate exercise by highly trained human subjects. 

Most of the research on traini~g that has been completed 

used male subjects. However, tw-o studies have shown that wo

men may expect similar results when they tm_dertake a training 

program. Wilmore (1975) concluded that while there are basic 

physiological differences between males and females, these 

are probably not as great as would be- expected from data from 

"normal" populations. He sees the female athletic "inferior

ity" as a byproduct of a culture in which females become more 

sedentary with the approach of menarche, while males continue 

to be physically active through adolescence. Burke (1977), 

using previously untrained college students, found that the 
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female students had even greater increases in vo2 max than 

did the males after completing eight weeks of interval train- . 

ing. Both groups covered the same distance at the same per

centage of maximal h~art rate, but the women took longer to 

complete the distanc.e because they reached their target heart 

rates at a lower work intensity. He attributed the greater 

gains of the femal.es to. their very low init-ial fitness levels. 

He concluded that, though heriditary factors may limit the 

potential of females, they can expect relative improvement in 

aerobic power similar to that of males following a period of 

systematic training. 

Exercise and ascorbic acid 

Because of ascorbic acid's function in physiological 

changes associated with exercise, several groups of researchers 

have investigated the vitamin's relationship to exercise. The 

results obtained have not been consistent. When biochemical 

measures have been used to .assess results of vitamin C sup

plementation or deprivation, the data have usually been in

terpreted as indicating an increased need for ascorbic acid 

during vigorous phygical exertion. With intake of JOO mg of 

ascorbic acid per day, both urinary ascorbic acid excretion 

and blood ascorbic acid levels of ski camp athletes were in

creased (Namyslowski, 1956). The usual vitamin C intake of 

these athletes was 100 mg daily. Another group of investigators 
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:found increased serum ascorbic acid levels in cycl-ists during · 

and shortly after exerc is·e (Senger e t al. , 1969) • However, 

large variations were noted among the JJ athletes, with ath

letes who had recently completed competition having lower 

vitamin C levels than rested athletes. The authors do not 

mention the initial vitamin C status (at· rest) of the subjec·ts. 

When physiological parameters have been used, varying re

sults have been obtained. In a study of 20 boys at a summer 

camp, boys receiving ascorbic acid supplements of 75 mg per 

day excreted slightly more ascorbic acid in their urine than 

unsupplemented subjects who received only the "good diet" o.f 

camp, but the excretion was not related to the distance swam 

daily. The initial ascorbic acid status of the subjects and 

whether or not the subjects w~re in a training status or en

gaged in consistent activity is not mentioned (Maksjutinskaya, 

1968). In a study of workers in a hot, humid, noisy environ

ment, it was reported that :fatigue at the end of the day was 

subjectively decreased, and muscular endurance and productivity 

increased when workers received 100 mg vitamin C daily (Mar

golis, 1968). However, no data on the workers' vitamin C in

take were provided. The subjective nature o.f the evaluation 

and the lack of information regarding controls for placebo 

effect make interpretation of the results of this study dif

ficult . A group of 69 military cadets eating at a university 

dining facility received either placebo or 50 mg vitamin C 
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daily f~ ten weeks. Then the groups switched and the experi-

ment continued for another ll.weeks. Neither the cadets nor 

the examiners knew whether the subjects were receiving vita

mins or place-bos. Results showed that the group receiving the 

supplement had a greater increase in vital capacity, breath

holding time, and endurance time than the group receiving 

placebos (Harper et al., 194J). However, a similar study 

with 178 11- and 12-year-old children found no evidence of a 

difference in vital capacity, breath-holding time, or endur

ance (Jenkins & Yudkin, 194J). The children ate at home, and 

supplementation was only 25 mg vitamin C daily. Still another 

study using 26 American army personnel showed no effects of 

vitamin supplementation on muscular ability, endurance, re

sistance to disease, or recovery from exertion (Keys & Henschel, 

1942). The subjects received daily either 100 or 200 mg ascorbic 

acid for four to six weeks alternating with an equal period 

of time on placebo. To eliminate training effects during the 

multiple-series experiments, a preliminary period of two to 

four weeks in e·ach experimantal series was devoted to training, 

Basu and Ray (1940) found that administration of 600 mg 

of vitamin C for five consecutive days, with diet constant, 

led to increased duration of finger exercise before fatigue 

compared to a control. Urinary excretion of vitamin C during 

the five days of the experiment was found to be "more or less 

constant," so vitamin C status was considered uniform. The 
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duration of exercise increased with the h.igh ascorbic acid 

intake, but slowly decreased as body saturation .decreaseq af

ter sup-plementation was discontinued. This study used only 

four subjects, three experimental and one control. In another 

study, manual laborers were fed for two months a diet that was 

adequate in all nutrients except vitamin C. There was no de

terioration for two monthsa then the workers began to be eas

ily fatigued. Other studies showed weakness and easy fatigue 

after two to five months on a diet low in vitamin C, with sub

jects unable to perform aerobic work,· though anaerobic work 

was unaffected {Mayer &. Bullen, 1960). 

Howald, Segesser, & Korner {1975) carried out performance 

tests on 13 athletes on continuous training of moderate in

tensity after receiving 14 days of placebo and again after 14 

days of one gram of ascorbic acid per day. The athletes' per

formance on their training schedule was fairly constant, so 

the authors assumed there was no training effect. The authors 

do not indicate what the athletes' vitamin C intake was during 

the placebo trials, or whether it was maintained at a constant 

level. They found that the athletes had a lower heart rate 

at a given submaximal work load after ascorbic acid administra

tion, indicating more efficient heart function and better work 

capacity. In addition, they found much higher increases in 

van ilmandelic acid excretion durin~ exercise in the ascorbic 

acid trial, indicating a higher turnover rate of catecholamines. 
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The drop in blood glucose during the performance test was much 

greater for the ascorbic acid trial than for the placebo trial, 

but free fatty acid concentration increased only for the ascor

bic acid trial. The authors conclude from these findings that 

vitamin C administration leads to greater utilization of free 

fatty acids as an energy source in working muscle. This would 

be especially beneficial in long-lasting exercise. The drop 

in blood glucose is disturbing, however, since it may reflect 

a negative effect on energy supply to working muscle. Viewed 

in another light, though, and depending on the degree of de

crease, it may mean a conservation of energy in stressful 

situations. 

In a study in which 24 men were fed either a diet without 

vitamin C, the same diet supplemented with 75 mg vitamin C, 

or a "good normal diet" supplemented with additional vitamin 

c, there was no deterioration in "physical efficiency" over 

an eight-week period in any of the groups. However, blood 

and urine analyses indicated that ascorbic acid stores were 

being depleted in the men eating ·the unsupplemented deficient 

diet. These men received a normal diet for two weeks prior 

to the eight-week experimental diet in order to equalize vita

min C status among the subjects (Johnson, 191~5). However, 

physical strength is not an accurate indicator of vitamin C 

need, as illustrated by a study with Bantu laborers (Fox et 

al., 1940). Two groups of 950 laborers each had an average 
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ascorbic acid intake of 15 mg daily. One group received a 

daily supplement of 40 mg vitamin C for seven months. No 

significant differences in physical efficiency, general health, 

or resistance to disease were noted between the two groups, 

but 12 cases of scurvy occUrred in the control group, while 

only one mild case was found in the supplemented group. 

R&view of the literature is inconclusive. On one hand, 

the physiological effects of training suggest there may be an 

increased need for ascorbic ac.id. On the ·other hand, studies 

have yielded conflicting results. Bioehemieally .oriented 

studies generally show increased need for vitamin C during 

exercise and/or training. Both subjective and objective 

physiological measures during ascorbic acid supplementation 

or deprivation haTe yielded both wyes" and wnow answers to · 

the question of whether or not vitamin C improves performance. 



CHAPTER V 

HYPOTHESES 

The :following null hypotheses were ·tested at the p < . 05 

level of probability• 

1. In tmtrained adult .femaies, there is no significant 

difference in urinary excretion of ascorbic acid before and 

during the · training process when dietary ascorbic acid is 

kept constant. 

2. In 1m trained adult females, there is no significant 

difference in blood levels of ascorbic acid before and during 

the training process when dietary ascorbic acid is kept constant. 



Select·i.on 

CHAPTER VI 

METHOD3 AND PROCEDURES 

The population selected for study was nonsmoking females 

aged 21 to 35 years who were untrained, but in good health. 

Training status was determined by treadmill testing. Poten

tial subjects were classified as untrained if they met the 

criteria defined in chapter I. Seven volunteers were purpos

ively selected as subjects. All subjects had been examined 

by a physician to determine that they were able to undertake 

an exercise program, and none had a history of heart disease 

or training-related injury. 

Before the training period began, subjects recorded all 

foods eaten for a five-day period (Sunday through Thursday). 

They collected 24-hour urine samples for the last two days 

of the five-day period to determine baseline ascorbic acid in

take and excretion. A finger-prick blood sample was obtained 

from each subject on day four or five of the diet. The diet 

record was analyzed for ascorbic acid content using the Ohio 

State Nutrient Data Base and Texas Woman's University Nutrient 

Analysis Program. The diet was then modified as necessary to 

provide a constant level of ascorbic acid that was less than 
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200 milligrams (mg) per day, but greater than the adult RDA 

of 60 mg daily. Ascorbic acid in the. diet prescribed for use · 

during the training period did not vary more than fifteen 

percent during the five-day period each week. 

Urine ascorbic acid was determined using the 2,4-dini tro-· 

phenylhydrazine method of Roe and Keuther (1943), with a modi

fication of the microprocedure adaptation of Lowry et al. (1945) 

(Roe, 1967). Serum ascorbic acid was determined by a differ

ent modification of Lowry's (1945) microprocedure (Roe, 1967). 

Reagents 

The following reagents were used for both urine and serum 

ascorbic acid assaysa 

3 N Hydrochloric acid (HCl) - To three volumes of distilled 

water, one yolume of Fisher concentrated HCl was added. 

9 N Sulfuric acid (H2so4 ) - To three volumes of distilled water, 

one volume of Fisher concentrated H2so4 was added. 

2,4-Dinitrophenylhydrazine-thiourea-copper sulfate reagent (DNPH 

reagent) - Two grams (gm) of 2,4-dinitrophenylhydrazine 

(Mallinkrodt, moist) was dissolved in 9 N H2so4 in a 100 

milliliter (ml) volumetric flask. To this, 0.25 gm thio

urea (Fisher~ reagent grade) and o.OJ gm copper sulfate 

(CuSo4 •5H2o) (Mallinkrodt) were added, and the flask was 

filled to the mark with 9 N H2so4 • The solution was fil

tered, refrigerated, and made weekly. 
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65% Sulfuric acid - To three volumes distilled water, seven 

volumes concentrated H2so4 (Fisher) were added. This 

was made just before use and chilled in an ice water 

bath. 

5% Trichloroacetic acid solution (TCA) - Fifty gm MCB reagent 

grade TCA was dissolved in 1000 ml distilled water. This 

was stored, covered, at room temperature. 

Ascorbic acid stock solution - Fifty gm ascorbic acid (MCB, 

99% assay) was dissolved in 100 ml 5% TCA solution. This 

was divided into aliquots of approximately five ml each· 

and frozen in vials. 

Ascorbic acid working standard solution - 0.5 ml ascorbic acid 

stock solution was pipetted into a 25 ml volumetric flask, 

and the flask was filled to the mark with 5% TCA solution. 

Ascorbic acid standard curve 

Fourteen tubes were labeled. Two tubes were blanks, made 

as followsa ~o three ml 5% TCA solution, one ml DNPH reagent 

and five ml ice cold 65% H2so4 were added. To tubes 1 and 2, 

J ml TCA were added. To tubes. J and 4, . J ml ascorbic acid 

working standard and 2.7 ml TCA were added. To tubes 5 and 6, 

. 6 ml ascorbic acid working standard and 2.4 ml TCA were added. 

To tubes ? and 8 , .9 ml ascorbic acid working standard and 2.1 

ml TC A were added. To tubes 9 and 10, 1.2 ml ascorbic acid 

wor king s tandard and 1. 8 ml TC A were added. To tubes 11 and 
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12, 1.5 ml ascorbic acid working standard and 1.5 ml TCA were 

added. To each tube, one ml DNPH reagent was added. The . con

tents of tubes were mixed, covered with Parafilm, and incubated 

at J7°C for four hours. Blanks were not incubated. At the 

end of this t'ime, five ml ice cold 65% H2so~ was added to each 

tube. This was mixed and allowed to remain at room tempera

ture (24°C) another JO minutes. Absorbance was read at 520 nm 

(Gilford spectrophotometer, model 250). From this data, are-

gression equation was obtained. 

Urine ascorbic acid determination 

Urine was collected with five ml J N HCl per two-liter 

bottle, 24-hour volume was measured, and aliquots were frozen 

at -17°C. To 1.5 ml urine and 1.5 ml 5% TCA, one ml DNPH rea-

gent was added. The contents of each tube were mixed, covered· 

with Parafilm, and incubated at J7°C for four hours. Tubes 

were then removed, and 5 ml ice cold 65% H2so4 was added to 

each. The solution was again mixed and allowed to sit at room 

temperature for JO minutes more. Blanks were constituted of 

3 ml 5% TCA, 1 ml DNPH reagent, and 5 ml 65% H2so4 , unincubated. 

Absorbance was read at 520 nm. Ascorbic acid concentration was 

determined using ascorbic acid standard regression equations. 

Serum ascorbic acid determination 

Blood was drawn by finger prick into three heparinized 

capillary tubes and 200 pl measured and transferred to small 
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screw-top tubes. To this blood, 800 )11 of 5% TCA was added, 

and the contents of the tube were mixed and centrifuged at 

4J75 rpm in a Damon refrigerated centrifuge for 10 minutes. 

The tubes were stored at -17°C and analyzed within 6 weeks. 

At the time of analysi-s, tubes were thawed and recentrifuged. 

Six hundredyl of .supernatant (serum) was removed to another 

test tube. To this, 200)11 DNPH reagent was added, the con

tents were mixed, and tubes were covered with Parafilm and in

cubated for four hours at J7°C •. At the end of' the incubation 

period, tubes were removed to an ice water bath and 1 ml ice 

cold 65% H2so4 was added to each tube. Contents of the tube·s 

were again mix.ed and allowed to remain at room temperature 

for JO minutes more. Blanks were constituted of 600 pl 5% 

TCA, 200 pl DNPH reagent, and 1 ml 65% H2so4 , unincubated. 

Absorbance was read at 520 nm and ascorbic acid concentration 

was determined by comparison to ascorbic acid standard curve 

and regression equation. 

Training 

Training consisted of walking-jogging on the treadmill 

for JO minutes four times weekly for eight weeks. Elevation 

and speed of the treadmill were adjusted to maintain the sub

jects' heart rates between 70 and 85 percent of the predicted 

maximum for age, as recommended by Levitas (1972). Heart 

rates were counted at the 10, 20, and JO minute marks of the 
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exercise period. Subjects were instructed to follow the diet 

prescribed for use during the training period on Sunday through 

Thursday each w·eek. . In the interest of maintaining good over

all compliance to the diet, they were permitted to make small 

changes in the diet, subst-ituting foods with approximately 

the same vitamin C content for one another. Subjects collected 

24-hour urine samples on days four and five of each week, and 

finger-prick blood samples were obtained .on either day four 

or day five. Treadmill tests were re·peated after four weeks 

and at the end of the training program, to ascertain that a 

training effect had occurred. 

Anthropometric s 

Anthropometric data were collected before the exercise 

program was begun and weekly during the exercise period. 

Height was measured only once, to the nearest quarter inch. 

~eight was measured weekly on a balance beam scale, to the 

nearest quarter pound. Skinfold measurements (to the nearest 

one-half millimeter) were taken on the left side over the 

triceps, above the iliac crest, and the mid-front thigh. 

Density was determined by substituting the sum of the three 

skinfold measurements into the following equation (Pollock, 

1978) I D = 1.105339 - 0.0011964 (Sum J) 

+ 0.000000)8 (Sum J) 2 

- 0.0001069 (age). 
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Percent fat was then calculated using the following (Brozek 

et al., 196J)a 

% fat = (4.570 + density) - 4.142 X 100. 

The data on diet·, urine and serum ascorbic acid, and an

thropometric measurements were gathered during the late winter 

and early spring of 1981. These data are summarized in the ·. 

appendix. 



CHAPTER .VII 

RESULTS AND DISCUSSION 

Seven subjects were selected to participate in an eight·

week program of treadmill exercise. During th.is time, the 

subjects followed a diet constant in ascorbic .acid for five 

days weekly and provided two 24-hour urine collecttons and 

one finger-·prick blood sample weekly. 

Re-sults 

All seven subjects completed the study, and all maintained 

a training effect during the study, as measured by ability to 

sustain heart rate at 70 to 85 percent of predicted maximum at 

continuously increasing treadmill spe.ed and elevation. Anal

ysis of variance revealed no statistically significant di:ffer·

ences in body weight or average ascorbic acid intake. Ascorbic 

acid intake averages ranged from 1.34 to 150 mg· daily for the 

study. Individual averages ranged from 84 to 187 mg daily. 

This amount · is considerably greater. than the NRC RDA of 60 mg, 

eo one would assume that saturation could be achieved. 

Age distribution of' the subjects was s.omewhat skewed by 

a single subject who was J4 years old. The other subjects 

ranged in age rrom 21 to 24 years. This subject also differed 

in body density, being consistently less dense than the others. 

Because this subject was different, many of the data were anal

yzed separately without this subject, and with age and density 
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as covariates, in an attempt ·to more accurately ex·plain dif

ferences that occurred, 

Body density ranged from 0,98 to 1.06. Body density from 

young women of normal body composition averages approximately 

1.04, Body density did not change significantly in this study 

when all subjects w_ere considered, however, when the on~ ~ub

jeet who was- c-onsistently less dense than the others (density 

was 0 •. 98 to 1. 01) was removed from the data, density was sig

rrif1cantly grea~er at the sixth week than during the first 

two weeks (p < .029). See Figure J, When analysis of var

iance was determined using age _as a covariate, density varied 

significantly (p < ,017) over the course of the exercise pro

gram. The co~iate age accounted for part of the density 

variation, with p < .0009. · With the older, less dense subject 

removed from consid~ration, the covariate age was not statis

tically significant, and week o~ exercise pro~am was the ex

planation for significant density changes (p < ,OJ1). 
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Serum ascorbic acid ranged from O.J8 to 1.45 mg/100 .ml 

during t~e study. Weekly averages . range~.from 0.85 ~o ·1.04 

mg/100 ~. See Figure 4. However, there was no signific~t 

difference in serum ascorbic acid by week dur·ing the study._ 

When density was considered as a covariate, this helped ex

plain serum asc-orbic acid differences th~t . occurred (p < • 0009), 

but there were ·still no significant changes attributable to 

the .· exercise program. The cov~iate age also helped explain . 

asc.orbic acid differences (p ~ • 0009). The less dense and 

older the subjects, the lower the serum ascorbic acid level. 

The null hypothesis regarding blood ascorbic acid is acceptedr 

there was apparently no effect o:f the exercise program on 

serum ascorbic acid. 
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Figure 4. Weekly serum ascorbic acid 

Average ascorbic acid excretion ranged from .11.5 to 65.1 

mg da i ly. For all sub jects, the combined daily average ranged 
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:from 25.1 to 4·J. J mg. See Figure 5. Simple analysis of var

iance revealed no significant differences by week. There was 

a trend, though, for ascorbic acid excretion to decrease fr~ 

week one to a low point at week· four and then to increase 

through week eight. 
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However, the effect of age a~ a cov~iate was significant 

( p < . 0009), and with age as a ~ovariate, excretion of ascor- . 

bic acid varied significantly over the eight weeks (p ~ .025). 

With data from th• one older subject excluded, breakdown of 

remaining data and analysis using Newman-Keuls multiple 
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comparison showed that week four ascorbic acid excretion was 

signi~ieantly lower than excretion in weeks six or eight. 

See Figure 6. Because of the changes in ascorbic acid excre

tion that were observed, the null hypothesis regarding ascor

bic· acid excretion is rejected. Phys-ical training does appear 

to afrect urine· ascorbic acid excretion. 
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Figure 6. Average daily .asoorbic acid excretion 
(older subject excluded) 

Ascorbic acid excretion was somewhat correlated (r = .54, 

p < .001) with serum ascorbic acid. Interestingly, with the 
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one unus'-tal subject removed from consideration, ascorbic acid 

excretion and serum ascorbic acid were not significantly cor

related at all. Exc·ret~on and average intake were correlated 

onl.y slightly (r = •. 27) • and serum ascorbic acid correlated 

only to r = .)1 with average intake. The best correlation of 

ascorbic acid excretion and a d$ily_ intake was r = .;2, for 

the day of the first of two consecutive 24-hour urine collec

tions each week. The bes~ correlation of serum ascorbic acid 

and daily intake was r · = .29, for the day prior to -blood samp

ling each week. 

Discussion 

Irwin and Hutchins ( 1976) . have said that when tissues 

are saturated, urinary excretion of ascorbic acid varies di

rectly with intake. In this study, however, ascorbic acid 

excretion and intake were not . significantly correlated. This 

.may have two meanings. First, perhaps tissues were not "sat

urated." The serum ascorbic acid ranged from 0.)8 to 1.45 

mg/100 ml. An ascorbic acid level less than 0.4 mg/100 ml is 

considered indicative of ascorbic acid deficiency by Lowry 

( 1952), but the Interdepartmental Committee on Nutrition f.Qr 

National Defense conside~s levels above 0.2 mg/100 ml "~c~ept

able" (Sauberlich, 1975). Saturation is considered to occur 

a t serum ascorbic acid levels of 1.0 mg/100 ml (Kallner et a1., 

1979). So the area less than 1.0 mg/100 ml is an area of in

complete saturation, in which intake and excretion would not 
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be expectedto -correlate closely. -Excretion would decrease 

as ascorbic acid is added to the body paol. ~ifty-eight per

cent of all blood samples collected fell below .1,0 mg/100 ml. 

Kowever ,- the variability of saturation has been discussed 

earlier. Kallner et al. (1979) point out the wide variation 

in plasma ascorbic acid of _subjects receiving the same amount 

of the vitamin. They attribute these differences to varying 

degrees of tissue binding. 

The second possibility is that ascorbic acid intake and 

excretion do not correlate because of a need for ascorbic 

acid for some physiological change of physical training. Av

erage serum ascorbic acid level for the first week on the 

prescribed diet was 0.87 mg/100 ml _ (standard deviation = .26), 

fairly close to the Kallner et al, (1979) level of 1.0 mg/100 

ml. for complete saturation. Serum levels fiuctuated during 

the study, but not significantly. The average serum ascorbic 

acid level during the study was 0.98 mg/100 ml, with a standard 

deviation of .22. This steady serum ascorbic acid, accom

panied by variations in ascorbic acid excretion, may merely 

indicate the tendency to preserve body pool by preventing ex

cretion of ascorbic acid when needs are increased. This seems 

the most plausible of the two explanations. 

One of the most interesting results is the progressive 

decrease and increase in vitamin C excretion. This could pos

sibly be a reflection of an adaptive process by which body 



4? 

ascorbic acid is preserved. When training :first began, sub

jects were :faced with a sudden increased ne~d :for ascorbic acid, 

and excretion dropped. As training continued, some type of 

adaptive mechanism may have acted to reduce requirements, . and 

allowed excretion to rise. Serum ascorbic acid was fairly 

well correlated with excretion, yet no manipulation of covar

iates could elicit a statistically significant change in serum 

ascorbic acid levels. The :fact that one parameter changed 

slightly more than the other indicates involvement of a third 

:factor. One possibility is that of storage or use of ascorbic 

acid in newly-developed lean body mass. The low point in as

corbic acid excretion occurred two weeks prior to the peak of 

body density, but density began its increase between weeks 

four and five. If this is the source of ascorbic acid ·loss, 

then perhaps storage or use of ascorbic acid occurs one to 

two weeks prior to measurable density changes. Other changes 

that occur during training were discussed earlier, and these 

may have reached their peaks of ascorbic acid requirement near 

the fourth week. 

Another possible explanation for the trough in vitamin C 

excretion is decreased training effect. Perhaps training fre

quency or duration would have had to be increased to maintain 

training of the quality that occurred in the first half of the 

exercise program. It is possible that, even though heart rates 

were maintained within the recommended training range, more 

s trenuous training is required to continue the initial gains. 
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The effect of age and body density on serum ascorbic acid 

and on ascorbic acid excretion is also notable. These two in

dependent variables were considered statistically as covariates, 

since they were not controlled for. Ascorbic acid excretion 

appeared to be more affected by age than by density, since 

using age as a covariate made the excretion changes by week 

more obvious, while· the covariate density did not allow the 

weakly exc.re·tion changes to show. Perhaps increasing age 

chan~es metabolism or renal handling of ascorbic acid. Many 

conditions lmown to increase need for or decrease threshold 

for excretion of ascorbic acid occur in older people. Some 

of these include congestive heart failure, kidney and liver 

disease, gastrointestin.al disturbances, malignancy, rheuma-

toid arthritis, and surgery (Orten & Neuhaus, 1975). In ad

dition, elderly people often consume ascorbic acid in amounts 

less than the RDA (Templeton, 1978). However, the oldest sub

ject in this study was only J4 years old, and in apparently 

good health, so disease can not be considered the reason. 

Her ascorbic acid intake was also above the RDA. There is 

apparently a separate metabolic result of aging involved. In

clusion of the older, less dense subject's data in average in

take and serum ascorbic acid analysis decreas~d averages though, 

so perhaps what appears to be an age-related change in ascorbic 

acid excretion mechanis~ is rea~ly preservation of ascorbic 

acid status in an individual with lower ascorbic acid intake. 



CHAPTER VIII 

CONCLUSION 

Se¥en subjects completed an eight-week aerobic exercise 

program, and results showed a statistically signific-ant de

crease in urinary ascorbic acid excretion near the midpoint 

o~ the study. Excretion then increased to pretraining levels 

·until the end of the exercise period. There were no signifi

cant changes in serum ascorbic acid. 

Conclusions 

From the data obtained in this study, it is concluded 

that ascorbic acid requirements may be slightly increased dur

ing this level of physical training in relatively untrained 

subjects. The increase causes ascorbic acid excretion to de

crease, but needs can apparently be met without compromising 

ascorbic acid body pool, as measured by serum ascorbic acid. 

Por a more strenuous exercise program than the one used in 

this study, increases in vitamin C may be required, but for 

training of moderate intensity, a well-balanced diet should 

provide all the ascorbic acid that is necessary. 

Summary 

In a study of ascorbic acid needs during physical train

ing, two questions were asked• In untrained adult females, 

is there a significant difference in urinary excretion of 
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ascorbic acid before and during the training process when 

dietary ascorbic acid is kept. constant? Under the same con

ditions, is there a significant difference in serum ascorbic 

acid levels? 

Seven female subjects, aged 21 to J4 year~, underwent an 

eight-week training program of treadmill walking-jogging. Dur

this time they were following a diet that provided a constant 

level of ascorbic acid. Weekly, they collected two 24-hour 

urine samples and gave one finger-prick blood sample for. anal

ysis of urine and serum ascorbic acid, respectively. 

Analysis of results showed that urinary ascorbic acid 

excretion decreased until week four, then increased. Blood 

ascorbic acid was not significantly changed during the exer

cise.·program. This combination of results indicates that 

ascorbic acid needs for relatively Untrained subjects during . 

a program of moderate training may be slightly increased. 



CHAPTER IX 

IMPLICATIONS FOR FURTHER STUDY 

Future research studies should allow subjects two weeks 

on a fairly rigidly controlled diet to obtain a stable base

line of serum and urine ascorbic acid levels before training 

begins. A shorter ~aining pe·riod, perhaps four weeks, woul.d 

probably b~ sufficient to obtain a training effect (Schoenfeld, 

1980) and would avoid problems of training leveling off and 

subject noncompliance. To prevent leveling off of training 

effect, a weighted backpack or more frequent training periods 

could be another way to increase workload for those who are 

approaching upper limits of speed and elevation on the tread

mill. Decreasing vitamin C in the diet would permit changes 

in serum ascorbic acid· to be more re.adily observed. However, 

it must be ensured that subjects are "saturated" with ascorbic 

acid before the exercise program and that the amount of as- 

corbic acid provided is adequate for daily requirements. For 

better control, more subjects would be necessary~ and they 

should be uniform in age and possibly body density. 



APPENDIX 

TABLE 2 
AVERAGE ASCORBIC ACID INTAKE 

Week Average (mg) Law (mg) High (mg·) 

1 1J4.14 8).7 186.J 
2 1J9.4J 10J.J 186.2 
J 1J8.AJ 102.3 186.2 
4 1)5.55 . 112.7 186.2 
5 . 150.06 107.7 187.0 
6 149.35 121.0 1R6.J 
7 142.50 112.5 186.4 
8 1)9.73 99.9 186.) 

TOTAL 141.20 Standard deviation = 27.47 

TABLE 3 
AVERAGE ASCORBIC ACID EXCRETION 

Week Average (mg) Low (mg) High (mg) 

1 37.04 17.7 52.) 
2 32.57 16.0 40.5 

J JJ.86 13.4 54.2 
4 25.07 13.6 38.5 
5 30.76 14.4 44.5 
6 39.87 11.5 65.1 
7 39.71 20.1 55.8 
8 43.28 13.5 63.7 

TOTAL 35.04 Standard deviation = 13.21 
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TABLE 4 
SERUM ASCORBIC ACID 

Week · Average Low High · 
(mg/100· ml) (mg/100 ml) ( mg/100 ml) 

1 0.87 O.JB 1.1) 
2 0.86 0.60 1.07 

J 0.99 0.8) 1.13 
4 0.85 0.51 1.16 

5 1.0) 0.75 1.41 
6 1.04 0.54 1.19 . 

7 0.99 0.58 1.19 
8 0.93 0.49 1.05 

TOTAL 0.94 Standard deviation = 0.22 

TABLE 5 
BODY DENSITY 

Week Average Low High 

1 1.03 0.980 1.045 
2 1.03 1.001 1. 049 

J 1.03 1.004 1.050 
4 1.0J 1.006 1.056 

5 1.04 1.004 1.060 
6 1.05 1.006 1.058 

7 1.04 1.007 1.051 
8 1. 04 1.010 1.058 

TOTAL 1.04 Standard deviation = 0.02 
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