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ABSTRACT

Albuminuria, which has been defined as an abnprmal in-
crease in the urinary output of the plasma protein albumin,
has '‘become a common observation in the urine of subﬁects
participating in severe physical activity. Identifying the
processes which have been altered by the siimulus of exer-.
cise may be of extreme importance in attempting to explain

the observance of post-exercise outputs of albumin.

In order for the albumin molecuie to cross the glomerular
capillary wall (GCW) both the size- and charge-selective
features of the filter must be overcome. Theoretically, ex-
ercise stress éan increase the conéentratién of circulating
caﬁiops within the blood. These cations may then bind to
the negatively-charged, carboxyl terminus of the GCW's gly-
coproteins. This consequently eliminates the <charge-re-
‘strictive features of the GCW and:allows the albumin mol-

ecule to enter the endothelial fenestrae.

Eiplanations regarding the-further - movement of albumin
across the size-restr}ctive GBM are unclear. However, it
‘has been suggested that the capillary 1lumen to Bowman's
space hydrostatic pressure grédients, and albumin mplecule
reptation will be predominant influences in the transglomer-

ular flow of albumin.
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Piesentlf, no-.single factor has been isolated as the most

important precursor to the post-exercise increase in albumi-

nuria. ' - .

‘The purpose of this study was to compare the albuminuria
responses of trained male athletes to blood acidity aﬁtera-

tions induced by two seﬁarate bicycle ergometer tés;s.

Fourteen healthy male subjects completed a'continﬁous bi-
cycle ergometer test (workload=75% VO2 max for 42 min) and
an intermittent bicycle ‘ergometer test (workroaQEIOOi . V02

max for 16 x 2 min work periods).

Blood and urine samples were collected pre-, post- and
one hour post-exercise, and analyzed %or changes.'in blood

pH, blood lactate, urine albumin and urine total protein.

The .results of this study inaiﬁate that the intermittent
work test did not induce a significantly different physio-
logi;al stress tﬁan the continuous work_test_as indicated by
post-hoc evaluation of the dependent wvariables blood pH,

blood lactate, urine albumin and urine total protein.

The significant relationships between post-exercise urine
albumin and exercise-induced blood acidity which have been

' ’
reported in previous similar studies was not observed as a

general trend in the results of this study. However, rela-
tionships between blood acidity and total proteinuria were
observed when‘specific ‘regression equations were used to

isolate and evaluate expected‘physioldgical effects.
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The results of this study suggest that further research

of a more comprehensive nature may hr’?iguired in order to
clearly illustrate the mechanisms which are responsible for

“ the post-exercise urinary outputs of proteins.

-
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Chapter 1
"THE PROBLEM

1.1 INTRODUCTION

’ H
The observation of increased concentrations of albumin in

urine has been referred to as albuminuria (Boylan 1979,
Hardwicke 1975). The octurrence of this anomaly in post-ex-
ercise urine samples has been commonly reported for subjects

participating in strenuous physical activity (Alyea and Par-

.ish 1958, Castenfors 1977, Gardner 1956, Poortmans and Har-

alambie 1979). Some authors ha&e suggested. that the albumi-
nuria condition is the result of exgrcise-induced changes in
the physical structure of the glpmerular filtration appara-
tusl while other researchers have proposed the theory tha£
the condition is caused by pathologic changes in the capil-
lary ‘wall (Poorémans,lQ?Z). Still others have reported.
post-exercise albuﬁinuria to be simply the result of a tran-
sient, exercise-induced alteration in the relationship be-
tween blood acidity and the normal processes of glomerular
fMtration (Cantpne and Cerrettelli, 1969, Todorvic et al
1?72). Accbrding to Zambraski et al (1981), the éxact mech-
anisms which cause post-exercise albuminuria have not yet

been determined. However, most studies which have pursued

C ,_
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the qause of albuminuria from an exercise ‘point of view sug-
‘gest that: a) the condition.of post-exercise albuminuria is
a transient phenomenon, b) mechanical trauma and patholdgic
degradation is not an apparent consequence.of exercise, c¢)
exercise has been observed to alger both bléod acidity lev-
els and albuminuria. Therefore, bgsed on these sﬁggestions
the primary interests of this research study were to compare
the effects of two different work . protocols on blood écidity
and proteinuria, and to measure the'5uggested rélationship
between exercisetinduceé bloocd acidity changes and the

post-exercise increases in albuminuria within each work test

used.

1.2 RATIONALE FO%&THE STUDY
i

Identifying the processes which have been altered By tﬁe
- stimulus of exercise may be of extreme importance 1in at-
tempting to explain the observance of post—exerciﬁg urinary
~outputs of albumin. Venkatachalam and Rennke (1978) have
suggested‘that, "within ﬁhe glomerulus of the kidney there
exist both molecular™size- and charge-restrictive features
which impede the transglomefular ﬁassage of the plasma pro-
tein albumin. Theoregically, exerclise stress can increase
the concentration of circulat{ng cations within the blood
(Refsum and Stromme, 1975). These cations may then bind to
the negatively-charged, carboxyl gprminus of the glycopro-

teins. This would consequently eliminate the charge-re-

PR
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strictive‘fggiure of the capillary wall and allow the albu-
min.molecule to enter the endothelial fenestrae. Explana-
tions regarding the movement of ‘the :albumin molecule beyond
the size-restrictive glomerular basement membrane are un-
clear. Castenfors (1977) has suggested the "stretched pore—
phenomenon", whereby molecules are forced through the elas-
tic-like poreé of the glomerular basement membrane by a hyd-
rostatic pressure gradient. This pressure gradient is_lo-
cated bereen the low-pressure, epithelial Bowman's space
and the high-pressure,.endothelial, capillary lumen. A ma-

jor discrepancy in this theory exists in that there are no

fixed pores located within the glomerular basement membrane

(Kefalides 1969),

Ryan's discussion (1981) hélps to clarify the underlying
principles of Castenfors' theory. Although the hydrostatic
‘pressure gradient may be effective in influencing the trans-
glomerylar passage of the albumin molecule, one must consid-
er that the molecule is nof a rigié. sphere travelling
through fixed pore structures as suggested by .Deen (1979).
According to Ryan, soﬁe molecules have the ability to under-
go a process of "reptation", which refers to thelstructural
change of a molecule attempting to cross an uncharged, pseu-
docollagenous membrane.  Although this process has not yet
been identified with regard to the transglomerular pagsage

of albumin, its importance as a potential precursor to

post-exercise proteinuria should be acknowledged,
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The stimulus of exercise in creating a change. in blood
cation concentration has been determined through blood lac-
.tate and blood pH measurements. Although'previous research
by Todorvic (1972) has supborted Eﬁe theory that an apparent
relationship exists between blood cation concentrations and
albuminuria, no significant relationship between exercise-
induced increases in blood caéion concentrations and albumi-
nuria has yet been identified. As §uch, this study had at-
tempted t6 measure the apparent relationship between blood
acidity. changes and albuminuria, through physiologically
relevant Forrelation and multiple regression eguation tech-

nigques.

Measurements_of“the hydrostatic pressure gradient and its
relationship to the transglomerular péssage of the albumin
molecule were not performed in this study, based on the ob-
servations and recommendations of Tietz (1970), who has
statﬁg that tegts of renal clearance (a measurement of in-
traglomerular activity) are cumbersome and physically uncom-
fortable for human subjects. However, it was assumed that
the effects of renal blood flow and the hydrostatic pressure
gradient would be controlled by the duration and intensity
of the exercise tests, as suggested by Delgado et al 1975,

Brenner and Rector 1978, Kachadorian and Johnston 1970.

)



1.3 STATEMENT QF THE PROBLEM

The purpose of this research study was to compare the
relative-exercise-iﬁduced alterations in blood pH (BpH) and
blood lactate (BL) with the urinary output of total proteins
(TP) and albumin (UA) in trained male athletes participating

in separate intermittent and continuous work tests.

The study had three objectives: to compare the changes in
the four dependent variables (BpH, BL, TP, and UA) in re-
sponse to the two separate bicycle ergometer work tests; to
compare- the differences between each dependent variable at
the three collection times in ﬁach work test; to measure the

possible relationships between exercise-induced blood acidi-

ty and albuminuria.

1.4 LIMITATIONS OF THE STUDY

The subject population was made up of club rugby players
from the - Bytown Blues Rugby Football Club, Ottawa, and
fourth year Kinanthropology and Physical Education students

attending the.University of Ottawa.

F
Each of the subjects was reguired to report to the human
performance laboratory at the University of Dttawa no fewer

than three .times during the course of the study.

The design of the study allowed for the subjects to act

-

as their own controls through the measurements of pre- ver-

sus post-exercise results within the group. f\\\
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Ail;bf the subjects tested had Been participating in
some type of fitness training program on a regular basis,
either related: to,{ngy or dry land training for hockey.
The mean VO2 maximum value for the rugby players was 54 ml/
“kg.min +/- 4.
While the.renal blood flow and the glomerular filtration
rate were notrAeasured, it was expected that they would be
controlled at relatively the same level in all subjects be-

cause the duration and the 1intensity of exercise was chosen

in relation to each subject‘s‘voz maximum value.

The recommended analytical technigues of radicimmunoassay -
for urine albumin and total  proteins were not wused in this
study because of the inaccessibility of the necessary ma-
terials and equipment to the researcher. Therefor; the
spebtrophotometric analysis of freeze dried urine samples,

as suggested by Pierre Pilot of The University of Ottawa,

Department of Biochemigtry, was used. S

1.5 DEFINITION OF TERMINOLOGY AND ABBREVIATIONS

BCG dye Bromcresol Green dye

Clearance
Referring to the quanffitative evaluation
of a molecule being filtered or reabsorbed
by the kidney.
The clearance of a substance (Cx) is
equal to the concentration of the substance
in urine multiplied by the urine volume in
ml/min and then divided by the concentration
of the substance in the plasma.



" Colloidal Osmotic Pressure

Refers to the osmotic pressure gradient
of the plasma in the capillary bed.

This pressure is created by the plasma
proteins which are restricted from
crossing the glomerular capillary wall.
The effect of maintaining a large
concentration of plasma proteins within:
the capillary lumen is magnified by the
principle of Donnan's equilibrium.

conditional relationship

The terms conditional relationship and
conditional significance have been used in
the Results and Discussion chapter of this
thesis. These refer to' the specific ‘
conditions upon which the statistical models
were used test. For example, regression
equations were used to isolate the effects of
specific exercise on a specific physiological
parameter.

Donnan's Equilibrium

Refers to the anionic to catlonlc

electrical balance occurring within a
capillary bed. The anionically natured
plasma proteins which are repelled

by the capillary wall are neutralized

by cationically natured molecules

(primarily sodium) to maintain an electrical
neutrality within the capillary lumen.

GBM Glomerular basement membrane
GCW Glomerular capillary wall
GF Glomerular filtrate
GFA Glomerular filtration apparatus
GFR Glomerular filtration rate
Glycoprote1ns
low molecular weight amino-carbohydrate
molecules.
Macromolecules

substances which have a molecular weight



1 ’ -
greaterfthan sixty thousand daltons} and
a molecllar radius of 3.5 nanometers or
. larger.

N-acetylneuraminic Acid ({ialic Acid)
is a glycoprotein which forms the
” foundation of larger sproteoglycan
structures.

o
+

RBF Renal blood flow



Chapter I1I

REVIEW OF LITERATURE . . -

-

2.1 PART A: THE RENAL FILTRATION SYSTEM

2.1.1 Function of The System ¢

-

The renal filtration system is made up of a complex net-
work of arteries, filtering units (nephrons) and veins. Ac-
cording to Brenner and Rector (1976}, the renal filtration

\ _ -
system handles approximately 500 ml of blood per minute or

ten pef cent of the total ;;rdiac output. Therefore, one of
over two and a half million similarly functioning filtering
units or nephrons handles approximately 0.0002 milrfliters
of blocod per minufe. Blood is transported to each ¢f the
nephrons aébording to the goliowing scheme; oxygenated blood
flows from the abdominal aorta to the renal arteries. The
renal arteries divide into a ventral branch and a dorsal-
branch as they form the interlobér arteries. The interlobar
arteries in turn feed the arcuate arteries. The interlﬁbu—
lar arte;ies which originate from the arcuate arteries sup-
ply the.afferent arterioles’of the renal'corpuscle. The re-
nal corpuséle is more commonly referred to as the glomerulus

of the nephron.
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The cellular compoSition of the macula densa gives rise

to an important feature in the anatomical structure of the

afferent -arteriole as it entdrs the glomerulus of the ne-

phron. Bing and Kazihierczak (1960) observed that the cells
of the afferent arteriole, which lie adjacent to the juxta;
glomerular apparatus, contain the vasoregulatory hormone re-
Din. " The release of renin by the macula densa, as discussed
.by Brenner and Rector (1978), initiates the formation of the
inactive molecule angiotensin 1I. However, within the struc-

ture deséribed by Bing and Kazimierczak as the periglomeru-

lar region of the afferent arteriole or the macula densa, -

the molecule angiotensin I is converted to the active vaso-
constricting chemical angiotensin II. Brenner and Rector

have suggested that one potential 1initiator for the release

of Tenin by the cells of the periglomerular region is.

through an increase 1in renal blood flow, which apparently

stimulates the baroreceptors located 1in the afferent arter-
ioles. This release of reniﬁ and the formation of the vaso-
constrictiﬁg'chemical angiotensin II supports the autoregu-
latory function of angiotensin Il to maintain a normal renal
blood pressure and a normal GFR, even though cardiac output

has 'increased.

Meanwhile, the fluid which is filtered through the glom-
erular capillary wall is referred to as the glomerular fil-
trate. The glomerular filtrate leaves the Bowman's space

and enters first the proximal convolutgd tubule and is then

LAY
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passed on . through the three segments of the loop of Henle
before entering tHEé 1 tubule. Within the proximal éu-
bﬁle, loop o}”gzzzzazjiadistal tubule system the glomerular
filtrate ié/{ransformed into urine. Thié occurs through the
processes of\ ionic exchange and fluid reabsorption. Thg‘
fluid, whiép hak become urine, leavA the distal tubule ang
trdvels via the %ollecting tubﬁle to* the ureter en route to
the urinary bladder. The blood which entered the glomerulér
capillary via the afferent arteriole flows out of the capil-
lary through the efferent arterioie after it has been fil-
tered. This freshly filtered blood is then roufed to a.sec-
ond set of microcapillaries, . the peritubular capillaries
(Crouch, 1978).. The purpose of the peritubular capillaries
is to allow the blood to reabsorb some of the necessary flu-

id which was given up to the glomerular filtrate.

Also included in. the filt:ati?n éf blood and the, forma-
tion of urine are’the vasa recta. The Qasa recta aré ap-
pendages of the peritubular capillary system and are situat-
ed around the 1oops.of Henle. The ‘vasa recta are important
to the further reabsorption of fluid and the concentrating
of urine. The arcuate Qein exports as much as ninety per-
cent of the blood which entered the renal filtratiqn syst
originally (Bing and Kazimierczak 1960, Brenner and Rector
1976, Ganong' 1979, Crouch 1978, Guyton 1§76). Diagram 1 on
paée 14 Apresénts a simplified schemq "of the function df a

nephron and the formation of urine.
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2.1.2 The Structure of The Glomerula} Capillarj Wall

The dlomerular capillgry wall (éCW) iERCbmposed of three
differeng layers. The endothelium 1is the innermost layer,
-'white the glomerular Sasemént membrane . (GBM) is centrally
located and the epithelium protrudes outward into the Bow-
man's space. The middle layer, or the GBM, should be con-
sidered as a continuous structyre, while the epithelial and
~endothelial layers lie intermittently along the respective
innér and outer walls of the GBM. The separations between
the endothelial cells are éalled fenestrae. The fenestrae
are rather large dpenings with respect'to filtration pore
size (approximately 70 nanometers apart, érenner and Rector
197§) and thereby create the potential for macromolecules
equivalent in size to albumin to flow easily across the en-
dothelial ‘layer. However, an electrostatic barrier which
has been located throughout the GCW functions to repel any
anionically natured molecules away from the endothelial
fenestrae, The anionic nature of the glomerular capillary
wall results from the presen&e of the sialoprotein constitu-
ent N-acetylneuraminic acid, which appears to be-located on
both the endothélial and epithélial'sides of the -wall.

As was mentioned,  the cells of the epithelium protrude
outward into the space of the Bowman's capsule. These pro-
trusions are referred to as "foot processes" and the spaces

——

which exist between these protruding cells are referred to
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as "slit pores™ (Crouch, 1978). The slit -pores are also’

coated with the glycoprotein, sialic acid. The size of the

slit pore is smaller than the size of the fenestrae and as

such may present both a physical- and an electrical-restric-.

tion to the‘macromolecule{s transglomerular mov?ment (Kanwar
and Farquhar'1980, Ganong 1979, ijouch 1978, Venkatachélam
and Rennke 1978, Guyton 1976, Jones- 1969, Osawa et al 1966).
The filtration layers of the GCW wall have been presented in

. Diagram 2 on page 15.

A

I.
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Tracino of "8n Electron Microaranh of A Rat

Glomerulus", presented by Brenner and Rector,

(page 17, 1976}; {the original photo has been magnif--
ied 120,000 times normal}.

Bowmanls Soace

Podocyte Cells of the Epithelium

S1it Pores of the Podocvie Ce’ls

giycooroteins of the mgmbrane. easily stained

Lamina Rara Externa off the Glomerular Basement Membrane
Pseudo-Coilacenous Glomerular Easement Membrane
Fenestra of the Endothzlial Celis

Cadillary Space

Portion of a macromolecular Erythrocyte
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2.2  PART B: SUGGESTION FOR THE PERMSELECTIVE NATURE OF -THE
GCW - :

b

VariousT;ésearchers have attempted to attribute an as-
sortmént of-hgiadies 6£ ihe GCW to being the cause of pro-
teinuria. . Bennétt et al (1536) have abbreviated the possi-
bilities for. the transcapillary movement of albumin to
eithér of the following categories: sieving properties with
respect'to_molecular‘size: filtration as a function of hemo-

dynamic principles; or macromolecular charge as compared to

the charge of the glomerular capillary wall.

~

/
.2.2,1  The Charge Selective Feature‘

-
.

Two of the more important inhibitors to the Passive move-
ment of albumin across the GCW are pore-size and electfical
charge. The charge-selective feature of the GCW arises from
the presence of the glycopfotein sialic acid which has been
located on' both the endothelial and epithelial layers of the
GCW (Zambraski et al 1981, Andrews 1979, Venkatachalam and

_ Rennke 1978, Mohos and Skoza 1970, Jones 1969, Kefalides
1969). _ | - - ’

Venkatachalam and Rennke (1978) performed in depth analy-
ses of the GCW using cationic staining. Their results have
revealed that the carboxyl residues of the sialic acid mol-"’
ecule create the polyanionic nature of the GCW, In an at-

tempt to identify and classify the glomerular filtering
- A \

N

~
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mechanisms,. the authors have developed the following model
of their observations of electrical charges throughout the
GCW. The endothelium was found to contain a large concen-
tration of polyanionic substances located in the cell coat
which accounted for a.st;ong negative charge. The GBM was
subdivided into the lamina rara interna, the lamina densa
and the lamina rara externa. The lamina rara interna and
-exrterna were both found to contain a large polyanionic sub-
strate concentration “leading to a strong negative charge.
However, the lamina densa which 1is made up. of non-polar,
collagenous type f&beés provided a weak negative charge.
Finally, the outer layer or the epithelial layer wags ob-
.served to contain a large concentration of.polyanionic gpb-
stances in both the cell coat of the epithelium and the
coaﬁing of the epithelial foot processes, thereby displaying
a strong negative charge. Earlier research by Jones (1969),
reported the existence of a differentiation between the lay-
ers of the lamina rara externa and interna versus the lamina
densa in their ability to be stained by cationic substances.
As well, Jones discussed the prese;ce of the glycoprotein
sialic acid within the slit pores /of the podocyte‘cells.
which enhanced the anionic nature of the outer layer of the

GCW. Jones also mentioned that the anionic nature of the

GCW was a result of the carboxyl components of the sialic

acid layer,.



18

The most convincing evideﬁce‘of the glycopr;tein compo-
nent's ability to inhibit the transport of molecules across
the GCW. has been through the studies involving clearance
rates of neutral versus charged particlés. . Studies of frac-
tional clearance rates involving negatively-charged dextran
sulfate by Bennett et al (1976) and Chang et al (1975) sup-
port the effectiveness of the GCW's charge-selective barri-
er. Both-studies found there to be greater GCW fractional
clearance values for the. n?utfal d?xtran molecules versus
the anionic dextran sulfate molecules. The authors prefer-
red the use of nonprotein dextran molecules because of their
similarity to albumin in size as well as their ability to be
converted to anionically-natured substances. Chang et al,
stated that the plasma protein albumin becomes polyanionic
when it occurs in physiological solutions. Likewise, Chang
reported to -have observed cation binding activity in the
area of the GCW'S epithelial, podocyte cell slit pores. The
authors_explained that the sialoglycoprotein coating may be
neutralized through the binding with cationically-natured
substances, which would led to a reduction of the GCW's
charge-selective barrier. In the experiments of Brenner et
al, the authors found the amount of cationic substances
which crossed the GCW to be of a greater volume than both
the neutral- and negatively-charged substances. The conclu-
sions of Brenner were similar to those of Chang, in that

these researchers also felt that the direct interaction be-
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tween the sialoglycoprotein layer and the cationic test mol-
ecules created a neutralization of the carboxyl groups of

the sialic acid.

The importance. of the sialoglycoprotein layer has‘been
discussed in studies involving the diseased GCW where there
has ésen.a reduction in the concentration of this charge-se-
lecti@bh/barrier through pathological circumstances. The
Bennett et al study observed an increase in the clearance
of anionically-natured dextran sulfate through the diseased
GCHW. Blau and Haas (1973) also found that an inverse rela-
tionship existed between GCW sialic acid concentrations and
proteinuria. Urine, which was rel;tivei{ﬁfree of albumin,
was associated with subjects whose renal biopsy results con-
firmed the presence of a large concentrat;on of GCW sialic
acid, as measured through cationic staining. Likewise,

those subjects who were considered severely proteinuric dis-

played poorly stained renal biopsies, implying that the ab-

"sence of sialic acid led to a poor reaction between the GCW

and the cationically-natured, colloidal iron stain, The ex-
periments of Brenner et al (1978) also used cationic stains,

which provided similar results. In the discussions by both

'Blau and Haas, and Brenner et al the authors mentioned the

potential morphoiogic changes associated with a loss of GCW
sialic acid. \The primary area of concern for such changes
was the slit pore filter of the epithelial podocyte layer.

Blau and Haas were unable to distinguish whether the loss of
-
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sialic acid created the changes 1in this area or whether -the
changes in the ultrastructure of the slit pores caused a
loss of the sialogly&oprotein coating. Brenner et al refer-
red to this morphologic change as "foot process fusion”.
The development of such a condition was determined to be the
result of a decrease in sialic acid concentfation, the lat-
ter ‘'was replaced by a continuous layer of uncharged epiths-
lial cells. The loss of this chargerselective feature was
reflected by an increase in albuminuria. These results pro-
vide convinciné evidence that pathelogic conditions which
result in the loss of the negativity of the écw through the
reduction of its anionic glycoprotein coating enhance the
transcapillary passage of albumin (Blau and Haas 1973, Chang

et al 1975, Bennett et al 1976, Brenner et al 1978).

. -

2.2.2 The Size Selective Féature

The GCW's impermeability to macromolecules ba'sed on fil-
tration through selective pore size has been well documented
(Maack et al 1979, Deen et al 1979, Venkatachalam and Rennke
1978, Kefalides 1969)}. Interestingly, observations of the
GCW using microscopic techn?ques have reported the existence
of spaces such as the endothelial fenestrae and the epithe-
lial slit pores, yet researche;g have been unable.to locate
fixed pathways or pores across the glomerular basement mem-
brane. Kefalides (1969) described the GBM as a continuous

layer of glyéoproteins bound to a collagenous component. He
.

4
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mentioned that the collagenous layer should not be consid-
ered synonymous with mature collagen fibers, as the unigue-
ness of this pseudocollagen layer allows for uninhibited in-
teraction with the glycoproﬁein coﬁbonent. The author\stat-
ed that one of the functions of the GBM was to ;éovide
elasticity to the filtration wall.l This elasticf;y would
not only “treate continuous support for the expanding Bow-
man's cépsule but it would also be active in the specific
selection of molecules to be filtered. If matur;f rigid

collagen fibers were to develop, then the size-permselectiv-

ity of the GBM would be eliminated.

Venkatachalam and Rennke (1978), and Deen, Bohrer, Rob-
ertson and Brenner (1977) observed an inverse relationsHip
between the glomerular filtration rate aﬂd molecular radii.
An attempt to explain this inverse relationship was made by

Deen, Bohrer and Brenner (1979) using the principles of a

- pore theory model. However, in order to maintain the under-

lying mathematical concepts on which the theory was de-
;igned, the model allowed for few.modifications in its adap-
tation to true physiological conditions. At best thé-model
should be considered strictly theoretical. Two major re-
guirements for the model were to assume that all pores were
rigid cylinders situated at right angles to the flow of the
liquidﬁ and that alf‘molecules were fixed uniform spheres,
each displaying neutral electrical properties. In histo-

chemical analyses of the GCW such conditions "have not been
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reported, nor they consistent with the previously men-
tioned propertié¢s of the pseudocollagenous GBM or the anion-

ically-natured GCW.

2.3 PART C: EXERCISE AND.PROTEINURIA

According to Alyea and Parish (1958}, two of the most im-
portant variables to be considered in the development of a
post-exercise increase in albuminuria are the duration and
the inténsity of the exercise bout, Using within group com-
parisons of swimmers competing in events of varying distanc-
es, the authors concluded that, "the greater the intensity
and the duration of the work bout, the larger will be the
concéntration of albumin in the post-exercise urine sample”,
The work intensities for the subject’'s examined by Alyea and
Parish were not reported as a work/time relationship; in-
stead the authors classed.swimmers and runners into two
groups: those who competed in events of fifteen hundred me-
ters or longer, and those who competed in events of "short
distances” ranging from fifty meters to four hundred meters.
"Alyea and Parish also compared the observations of red blood
cell volume, ﬁyaline‘casts and proteiﬁ in the urine of con-
tact and noncontact athletes.’ Their reéults showed that
post-exercise urine albumin concentrations had increased in
greater than seventy percent of all athletes tésped. The
two impoftant features of the Alyea and Parish study, which

should be recognized, are: that all measurements for albumi-
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nuria were based on a 0 to 4+ gualitative scale; and that
proteinuria may be a transient phenomenon, since no:mal‘pro-
teinuria values héd been observed in the twenty-foﬁr'hour'
post-exercise gample. - The results of the biood and urine
analyées showed thét the group of subjects having the high-
est proteinuria values was the noncontéct long-distance run-
ners. Thus, the authors had suggested that the effect may
have been a consequence of posture and/or mechanical traﬁma.
Tﬁe possibility that mechanical trauma was the major cause
of proteinuria, although very likely, remains difficult to
measure in the asymptomatic human subject. Therefore, any
diagnosis of mechanical trauma-iﬁduced exercisé proteinuria
should be considered at the very least strictly subjective.

“ : . . -
However, the dBtatlon and the intensity of the activity are

~extremely important to the development of the transient con-

dition of exercise-induced proteinuria. Differences in-the
exercise duration and intensity may initiate specific chang-
es in renal blood flow, hydrogen ion production and mechani-

cal trauma to the renal system.

The three causes of exercise-induced proteinuria as sug-
gested by Javitt and Miller (1952)' were renal anoxia, 1in-

creased blood and urine acidity, and a decreased reabsorp-

+

.tion of proteins by the post-glomerular tubules. The

experimental methodology involved subjects performing either
a long treadmill run of 12-22 min at 9.0 to 10.0 mph at 0%

grade.or a short treadmill run of 3-5 min at 9.0-10.0 mph at
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a 17.5% gradei The authors observed that' fhé proﬁeinuria
values were the highest during the first 5 min_post-efércise
for all subjects tested. ﬁost importantly, the authors re-
ported that the blood and-urine pH values remained low duy-
ing the same post-exercise time period. This observation
indicated to the authors that an apparent relationship be-
tween blood and urine acidity and proteinuria may exist.
Interestinglf; ‘the values collected for the long runs did
Rot differ.significantly from those collected for the short
runs. As weli, Javitt and Miller reported a direct correla-
tion between a decrease in blood pH and an increase .in the

-

concentration of urinary proteins. However, the authors
were unsure of the effects which renal ischemia had on the
deve}opmeﬁt.of protéinbria and suqgested that the transglom-
efﬂfar ﬁassage of macromolecules was related to change§ in
blood acidity. Although Javigt and Miller mentiomed that
the increases 1in proteinuria were directly related?eto the
changes in blood acidity, they were unéble to correctly ex-
plain the effect which increases in blood acidity had on the
biochemical properties of the GCW. The authors had suggest-
ed that there was a washing out of the intercellular cement
between the cells of the GCW, which had created an increased
permeability in the nature of the GFA. Later studieé, which
jidentified specific glycoproteins bound to the glomerular

capillary wall, support the Javitt and Miller tﬁeory that

blood acidity may be a precursor to the transglomerular pas-
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sage of macromolecules. However, the ability for exercise-
induced blood acidity to create a morphological change would
be unlikely, since exercise-induced proteinﬁria should be
considered as a tfansient-phenbmenon and not a pathological

condition.

Taylor (1960) reported that no increase in fthe urinary
output of albumin or plasma proteins-was observed in those
subjects analyzed while performing a lé ﬁin walk on a tread-,
mill at 5 mph, yet the 'post*exercise urine samples were
found to éontain increased levels of albumin. Taylor sug-
gested that such results did not indicate that circulating
metabolites affected the glomerular filtration process. He
felt that the post-exercise urine samples should have dis-
played the same characteristics as the urine samples taken
during exercise. However, it would appear that Taylor neg-
lected to considey the important function of the renal buff-
ering systems, which would be effective in reducing the hy;
drogen ion concentration overload associated with exercise.
~ The author coqcludeé that.the increased post-exercise album-
inuria resulted directly from renal blood flow changes, most
specifically a reduction in renal blood volume, and an in-
creased vasoconstriction which had occurred following exer-
cise.. Taylor's review of.exercise-induced proteinuria con-
cluded that the most important aspect of albuminuria was the
ability of the macromolecule albumin to overcome the size

restrictive features of the GCW. Taylor attributed the suc-

-_'l
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cess of this activity to post-exercise renal vasoconstric-
tion based on the observation that vasodilating drugs such

as caffeine-did not induce post-exercise proteinuria.

»

According to Poortmans (1972), the type of protein found
in thé urine may be specific to the anomalie occurring with-
in the gldney. The author mentioned that the observation of
increased levels of low-molecular weight proteins in urine
do not reflect the extent of the GCW's filfration capabili-
ty, basedson the principle that proteins such as Lysozome,
which has molecular weight of 15,000 daltons, are small
enough to pass fréely through the glomerular filtration ap-
parétus. Therefore the presence of low-molecular weight .
proteinuria will not .suggest that any problems exist in nor-
mal GCW activity. Howéver, large volumes of low-molecular
weight proteins in urine may indicate that problems exist in
the tubulér reabsorption mechanisms (Ravsknov, 1975). In
view of this principle, investigations of low-molecular
weight proteinuria were not within the scope of this review,
This research study was much more concerned with the effects

of exercise on the G{W's ability to filter macromolecules
such as the plasma protein albumin.

Early research by Chesley et al (1939) found that vaso-

2.3.1 Exercise and Changes in the GCW

constriction of the renal blcod vessels initiated plasma
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protein leakage across the GCW and-into the Bowman's space.

The authors used the cold pressor test of.Hines and Brown;to
LY . ‘.

create the basoconstr}ction response. The procedure of the

test was to place the subject's hand in ice cold water and .

-

monitor the changes in pulse pressure. Chesley observed no

relationship between the changes in blood pressure and the

resulting changes 1in concentrations of protein measured in
urine, However, there was a definite decrease in urinary
fluid volume following the vasoconstriction test, primarily
.as a result of reduced renal blood fow through the con-
stricted capillaries. More important though, was the obser-
vation that no proteinuria was measured until after the va-
soconstriction had been eliminated. This brompted tge
authosijto conclude that protein leakage only occurred after

normal rénal blood flow was restored. \\\\\\H

The discussion of Chesley et al supports the hypothesis
that the ¢two restrictive factors of electrical charge and
molecular size were partially reduced during renal vasocon-
striction. Cationically-natured substances, such as sodium,
potassium or magnesium, circulatiné in the area of the en-
dothelial glycoproteins may have caused an  electrical neu-
tralization of the outer portion of the GCW, therebf allow4
ing albumin to collect’in the endothélial fenestra. The

increased pressure created by the vasoconstriction of the

glomerular capillaries wéuld then force the albumin into the

elastic GBM. The observation of post-experimental proteinu-

e
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ria has been explaihed by Poortmans to be"? washing-out of
the trapped macromolecules as a result of the return to nor-

mal filtration flow {(Castenfors and Piscator, 1967).

The GBM has been classified as a non-uniform structuré
which variés greatly in width (Osawa et al, 1966),therefore
the time-course for this transient, proteinuria phenomenon
is dependent ﬁpon the time taken for the macromolecules to
cross the widest poftion of fhe GBM. Castenfors and Pisca-
tor (1967) _refer to the proteinuric condition observed fol-
lowing the cold pressor test as being catecholamine-induced,
the active mechanisms being similar to exercise-induéed_pro—
teinuria in thgt both are initiated by renal vasoconstric-

tion.

Movement of macromolecules across the GCW becomes physi-

cally easier, and has been reported to occur more often, 1in

_-persons who displayed damaged glomerular basement membranes

as measured by renal biopsy technigues. Hardwicke (1975),
and West (1966), concluded that a degeneration of the GBM
through eithef glomerulosclerosié or glomerulﬁnephritis
caused markeé increases in the transglomeruiar passage of

’

plasma proteins. Morgenesen and Vittinghus: (1975) reportéd
that the GBM of diabetic patienggﬁ“under;ent developmental
changes early in their juvenile yéprs. The éuthofs compared
post-exercise albuminuria measurements in formal versus dia-

betic subjects and found a statistically significant differ-

»

o e
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ence between the two subject populations. The exercise’
bouts consisted of riding a bicycle ergometer at the below-

maximum workloads of 450 ané 600 kpm/min. These work load
-intensities which may be classified as relatively 1low,
caused proteinuria in the diabetic subject. Such results
indicated that the time requifed for the movement of albumin
across Qhe.GBM was reduced through the reduction in the
width of the GBM. Morgensen and Vittinghus concluded that
the need to maintain a constant glomerula} filtration rate
induced a rise in the single nephron filtration fraction,
which consequently led@ to a rise in the movement of proteins
across the damageg.GCW. Acéording to Bennett et al (1975},
pathological conditions which may affect the GCW by affect-
ing the pore éize, the electrical charge or the normal renal
filtration flow, will also be responsible for determining
the movement of albumin across the GCW. The authors stated
that consideration must be given to the type of maladie
which is active when estimating the proteinuria values.  As
an examplé, they discussed the variances in neutral dextran
clearance measurements qu rats experiencing different types-
of glomerulonephritis. Interestingly, the values reported
:suggest that certain restrictive features attain varied lev-

els of importance depending on the type of pathological con-

dition.,

Kleiman (1960) introduced the term "athlete's kidney" to

classify the condition of renal trauma caused by prolonged
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exposure to exercise. The condition was defined as the de-
velopment of renal lesions leadi;; to a pathogeﬁic deformity.
of the kidney, thus producing measuréments of post—exe;cise
proteinuria in those subjects affected. Kleiman observed
the incidence Sf athlete's-iidney to be greatest in profes-
sional boxers, followed by professiona} basketball players,
professional hockey players and professional wrestlers.
There are two important questions which result from the re-
search of Kleiman: was renal trauma an effective causal
agent in reducing the protein restrictive filtration fea-
tures through the development of a deformed kidney? and do
the sports observed provide measurements of orthostatically
induced proteinuria, in which case the principles of renal
vasoconstriction would become the predominant factors for

instigating the proteinuria condition?

2.3.2 Rena)l Blood Flow Responses During Exercise

Kachadorian and JohnstoP {1970) used three 'standard
treadmill exercise’' bouts at rates of 5.6, 8.0 and ld.S.km/h
‘to compare creatine clearance values, urine acidity measure-
ments, and proteinuria. They noticedl that only under the
severe exercise stress of 10.5 km/h {or 6.5 mph which was
considered to'Bé a maximal workload) was there a-marked in-
crease in proteinuria and urine acidity. The authors re-
parted that the glomerular filtration rate, as measured with

’

a standardized technique, did not appear to be affected by
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the steady state or submaximal workloads of 576 and 8.0 km/h
respectively. These results imply that by exercising at a
- low intensity, normal renal blood flow during the activity
is maintained and both the proteinuria and urine acidity re-
sponses are conéiderably lower. Delgado et al (1975) con-
cluded from their research onrdogs, which ran on a treadmill
for between 20 and 25 min at the varied workload of between
BLO and 8.0 mph with grades of between 8.0% and 15.0%, that
no change in renal blood flow had occurred. The reduced
cardiac output to the kidneys was compensated for by the
overall increase in cardiac output associated with these ex-
ercise intensitiés. Therefore, although some renal vasocon-
striction must have occurred, the authors suggested that it
was not enough to affect either the GFR or the total RBF.
Delgado stated that alterations in exercising renal blood
flow were species specific and that, althdugh they did not
notice any exerciie-induced modifications to the normal dis-
tribution of RBF in the canine kidney, changes in human RBF
may be more apparent. Cadnapaphornchai et al (1981) sup-
ported this statement, as they observed that rats and dogs
displayed inverse vascular responses to the administration
of prostaglandins. This inability to transfer the results
of RBF méasurements‘from one species to another has lead to
discrepancies_between‘the animal model and the actual human

response. The findings of Delgado did, however,suggest that

]
changes in renal plasma fluid volume may occur during severe
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exercise and in turn may affect the colloidal osmotic pres-
sure within the filtering units, thereby potentiating a re-

duction in GFR.

-

The results of Kachadorian and. QOhnston,, and Delgado et
al, contradict the observations of many authors who have de-
scribed considerable decreases in renal plasma flow during
varied exercise intensities. Chapman et al (1948) reported
an inverse relationship between renal plasma flow and work-

load intensity, suggesting that higher workloads may reduce

the normal GFR. The exercise protocol for the Chapman study

2, . . .
involved three runs of approximately 15 min on a motorized

treadmill at the steady state intensities of 3.0 mph at 0.0%
grade, 3.0 mph with 5.0% grade, and 3.5 mph with 10.0%
grade. The authors noticed a slower recovery rate in the
RBF values as compared to heart rate and blood pressure re-
covery. According to Refsum énd Stromme (1975), who tested
twenty one males involved in a 70 km ski race (completion
itime ¢. 5.47 hours, work rate c. 12-13 km/h), the reduced
RBF which acompanied exercise also diminished the GFR and
inhibited the urine concentrating processes. Further, the
authors stated that although filtration of fluids was re-
duced, the tubular reabsorption of certain metabolites such
as sodium was either held contant or increased, thereby re-
aucing the secretion of these metabolites in the urine and
negating their potential effect on urine acidity. Casten-

fors (1977), Castenfors {1967), Castenfors and Piscator
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(1967) and Castenfors, Mossfeldt and Piscator (1967) all
provided evidence that RBF ﬂecréésed during exercise. Ac-
cording to Castenfors (1977), RBF as measdred.by evaluating
GFR decreased approximately 30% during éontinuqus, exhaus-
tive exercise. Likewise, urine secretion of sodium was re-
duced as the result of in;reased tubular neabsorption, while
hydrogen ion excretion was found to increase. Castenfors
remaried-qn the  inability to precisely'define the cause of
increased proteinuria during heavy exercise. ‘He suggested
that the inbreasedrglomerulaf permeability could be attrib-

uted to increases jin body temperature, TrTenal vasoconstric-

tion and changes in the single nephron filtration fraction.

Castenfors (1977) wused the principles of the "stretched
pore phenomenon” to describe the resulting proteinuria from
the increased pressure of renal vasoconstriction. The au-
thor explained that, since albumin has a molecular weight of
69,000 daltons and a molecular size of approximately 36 Ang-
stroms (3.6 nanometers), "it is just slightly larger than
the pore size of the GCW" (Castenfors, 1977). Under the

.

condit of renal vasoconstriction, the albumin molecule is
forcedr:ito the endothelial fenestra. The increasing pres-
sure of the constricted renal capillaries forces the over-
sized macromolecule into the elastic-like GBM. Although
this theory may explain the mechanisms for overcoming the

size-restrictive feature of the GCW, it does not explain how

the charge-selective barrier was overcome. This theory as-
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sumes that.afl albumin molecules-are similarily shaped, neu-
tral spherés_ of comparable weight and size, and that all
. pores are cylindrical, elastic tubules with the.characteris-

tic flexibility to allow macromolecular passage of the GCW.

As previously stated, researchers have as yet' been unable

to isolate an exact cause for the post-exercise increase in

3

albuminuria. However, this review of the literature sug-

gests that the c¢ausal mechanisms will involve the apparent)

relationship between the decrease in pH, as a result of an
increase in circulating cations, and the neutralization of
the glycoprotein constituent of the GCW. As well, some con-
sideration should be given to the exercise-induced changes
in RBF and the (capillary lumen to Bowman's space) pressure

relationship which is essential te¢ the transglomerular move-

.ment of molegules.

2.3.3 Reviewing the Activity of Lactate During Exercise

Investigations into some of the biochemical adaptations
to exercise by Holloszy et al-(1977), have suggested that
the duration and intensitf of the activity were important in
affecting such parameters as blood flow, muscle glycogen de-
pletion, fatty acid oxidation and blood lactic acid concen-
trations. The auﬁhors state that the duration of time for
which a subject can perform at a given infensity 1s depen-

dent upon the individual's physiological energy supply. As
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such, an inverse relationship between work .intensity and
work duration has been accepted. Therefore, to increase an
individual's ability to perform at a greater work intensity
fors longer periods of time, the subjects must increase their
physiological energy production capacity. This may be ac-
complished through exercise-programs which involve endurance

training protocols,

Christensen et al (1960) investigated the responses of
heart rate, pulmonafy ventilation and blood lactate concen-
trations to the schedules of intermittent and continuous
work. In the Christensen study the work intensity was simi-
lar for both situations, the subjects ran on a treadmill at
20 km/h. The authors mentioned that’ in establishing the
schedules for the intermittent -and continuous work experi-
ments the most important consideration was the work dura-
tion, in that the ability to maintain a specific duration
may be inhibited by the continuous depletion of the physio-
logical energy stores and the progressive increase in circu-

lating metabolic waste products.

Results of the measurements of blood lactate for the in-
termittent work bouts were directly affected by the ratio of
Qork to rest time. The blood lactate concentrations were
highe} when the work to rest ratios were 3 to 1 as compared
to the work to rest ratios of-1 to 1. In the case of the

continuous exercise schedule the activity ‘period was de-
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scribed as "continuous at a high intensity”.’ As such, the
subjects could only work fﬁr.a short period of time before
reaching exhaustion, Theppost-exercise' concentrations of
blood lactic acid in these subjecés ‘was reported to have
reached maximal values of 151 mg per 100 ml of blood. This
was estimated to be an increase of greafer than 10 times the
normal resting values. Such an increase in lactate concen-
tration‘was ‘indicative of the subjects depend;nce.on the
anaerobic energy system to maintain the work effort. Fihal-
ly, thé beneficial effect of working intermittently was ob-
vious from the comparison of maximpm b}dgg\\lactate values
between the two work schedules. Thephighest-blood lactate

concentrations observed from the intermittent work test were

as much as 50% below the values obtained from the continuous
work tesi. ‘-

4

J?he ability to alter the concentration of blood‘laétate.
~through the gdjustmentlof-the exercise duration and intensi-
ty is apparent in the research of Astrand et al (1963),
Karlsson (1970) and Karlsson and Saltin'(197l). Initialiy
Astrand found that ski races with a high intensity short du-
ration profile contributed to post activity blood lactate
concentrations of 140 mg/100 ml. Likewise, ‘the blood lac-
tate concentrations of those subjécts competing in ski races
lasting longer than 3 hours weréfin the order of 40 mg/100
ml. Karlsson (1970) found that reductions in blood lactate‘

concentrations had occurred in subjects following prolonged

:
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exhaustive exercise. The author suggested that the expected
increases in blood lactate concentrations were most likely
inhibited by the process of lactate reconversion .to pyru-
vate, which in turn would be oxidized by the Kreb's Cycle.
Karlsson and Saltin (1971} referred to the oxidation of lac-
tate as a possible explanation for the low blood lactate
values observed following a heavy intermittent work sched-
ule. Their exercise protocol'consisﬁed of 5 x 1 min rides
on a bicycle ergometer at a work load of 2800 kpm, each work
bout being separated by a 5 m%n rest period. Such a broad
work to rest ratio would not ronly allow the subject to oxi-
dize the post-exercise lactate acéumulation but it would
also enhance the ability to rejuvenate the oxymyoglobin

stores in the muscles, as previously described by Christen-

sen-et al (1960).

Depocas et al (1969) had observed a minimum lactate sxi—
dation rate of 43% per min in dogs involved in continuous
treadmill rﬁnning at 30% of their maximal oxygen uptake.
The authors' methodeology involved the infusion of radio-ac-
tive labelled lactate into the exercising dogs while simul-
taneously measuring the amount of radio-active carbon diox-
ide produced against the amount of blood lactate which had
accumulated. The results indicated that the infused lactate
had combined with the naturally occurring lactate to provide
a fuel source for the Pogs during the moderate activity ses-

sion through the reconversion of the lactate to pyruvate.



3

™.

- .' ) . ‘ 38
\

Previous studies by Huckabee (i§58)-reported that the ef-
ficiency ‘of the lactate deh&drogenase enzyme to reconvert
lactate to pyru%ﬁfé\tgg-extremely important to the post-ex-
ercise recovery processes, especially . the repayment of the
oxygen debt. The oxygen debt has been characterized as the
£ime wvhich a subject takes to return to a resting state fol-
lowing exercise. The amount of time required to pay back
the oxygen debt is essential to the restoration of the
ATP-CP stores to their resting levels. The reconversion of
pooled lactate to pyruvate and then on to the Kreb's Cycle
produces 18 moles of ATR per mole of lactate. This repre-
sents the amount of en¥rgy which is gained through the elim-
ination of "excess lactateé" as it is utilized in the repay- .
ment of the oxyéén debt. Huckabee also explained that the
use of stored oxygen at the onset of exercise has been ob-
served to create an increased dependence on the anaerobié
energy system to maintain the specific wérkloads. Likewise
such demands lgad to increases in the normal producpion of
lactic acid. The mechanisms of this process have bezn re-
ferred to as creating an oxygen deficit. fhe value of the
oxygen deficit is usually equivalent to the oxygen debt,
only in low-intensity exercise. The importance of Hucka-
bee's research haslbeen evident in the attempt to : map the

formation and oxidation of lactate during exercise.
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2.4  PART D: REVIEW OF METHODOLOGICAL CONSIDERATIONS

2.4.1 Albumin and Sialic Acid

This research study was interested iq the relationship
between exercise duration and intensity on the activity of
albumin and the expected alteration of the GCW'S filtration
capabilitie?. The plasma protein albumin has been described
as a.lowér ;eight macromolecule, ranging in weight between
66,000 daltons (Anderssqg,1979) and 69,000 daltons (Chang et
‘al 1975, Castenfors 1977). Andersson (1979) has described
the structure of albumin as being one polypeptide cha&n con-
sisting of - 585 amino acid residues strategically cross-
linked by disulphide bridges. Although the molecule has a
number of.bindiné dites i@ has been suggested that algumin
displays an overall negative-charge (Bennett et al, 1976).
This characteristic is clearly seen in the molecule's low-
binding affinity with the anionically-natured chloride ions,
Las'opposed to %tg very strong attraction to certain ﬁosi-
tively-charged metallic ions (Andersson, 1979). The isoce-
lectric point of albumin is 4.9, therefore all of the elec-
" trical charges of the albumin .molecule display a TEt
negative-charge in the relatively alkaline blood plasma.
According to Birke et -al (1979), the two most important
functions of the %}bumin molecule are to act as a carrier
substance and to maintain "colloidal osmotic pressure. The

-seriousness of diseases which inhibit the hepatic synthesis .

of albumin become most pronounced during conditions in which
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there has beer an abnormal loss of the albumin concentration

-from the blood. Such imbalances in the concentration of se-
. ' » -

rum alg?min tend to initiate responses of acute edema

througthhe reductlon 1n the -normal osmotic equilibrium be-

tween tﬁé blood and the tissues.

- Sialic acid is the glycoprotein N-acetylneuraminic acid.
As described by Gottschalk (1972), glycoproteins are con-
glomerates of proteins and sugars. Although variations ex-
ist withiﬁ the glycoprotein classification,‘ all glycopro-
teins may be found to contain a 1low number of' sugar
residues, which make up branched saccharide chains covélenf—
ly bound to a polypeptide. A very important characteristic
of the glycoprotein is thag no repeating units are found,
thus glycoproteins are considered to be non-linear as op-
posed to their proteoglycan counterparis; which may possess
glycoproteins within their linear séructure (Gottschalk,
1972). Most importantly, the glycoprotein sialic acid hasr
been located as glycosidically linked wunits of larger poly-
saccharide chains. As an example, Spiro (1972) reported
~sialic acid to be one of the components in hi% isolation e;-
periments using. glycoproteins of the GBM, Sialic acid also
has additional importance in analyzing macromolecular trans-.
port across the capillary membranq;, in that this molecule
displays a negative-charge on ifs free, carbbxyl terminus, a
‘characteristic which COQsitutes the 'anionic-naxpre of the

GCW. Although no studies are as yet available which report
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~a free.dissociation of the.glycoprotein sialic acid from i£§
position in proteoglycan structures, Warren (1972) has men-
tioneq that cdrtain microorganisms possess the enzyme N-ace-
tylneuraminic acid-aldolase, which potentiates the ability
to cleave the N-acetylneuraminic acid molecule into a mol-
ecule of pyruvate and a molecule of N-acetylmannosamine.
The importance of such events 1is obvious in attempting .to
clarify whethér capillary membrane structures Are either
neutralized or physically altered during experimentally and

»

pathologically induced situations.

3

2.4.2 Theoretical Considerations in The Analysis of Urine:

Prior to analyzing urine samples for specific plasma pro-
teins with either a spectrophotomeﬁrib technique, a radio-
immunoassay technigque or an electrophoretic technique, the
urine samples should first be measured for their total pro-
tein content, £ The total protein content refers to all of
the proteins present within the sample regardless of their
size, weight or specific binding characteristics. There ex-
ist a number of methods which may be used in such an assess-~
ment.h Three of these are thehbiuret method, the Lowry meth-
od ~and ° the trichloracetic /gééd method (Tietz, 1970).
Howeyer, . the technigue which appears to be both the most

sensitive and the most rapid 1is the 'Protein-Dye Binding'

method described by Bradford (1976). This technigue is

based on the activity of coomassie brilliant blue G-250 dye,

[l

Yy
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which may be found in either a red or blue form. When a so-

-

lution containing proteins is added to the red form of the

dye the solution turns blue within two minutes. Further,

the dye bound protein may hold this colour for up A&© one
hour, Briefly explaining the mechanics of the d&é bound
protein method, Bradforé'has found that when the solutign of
proteins binds to the red form of the coomassie brilliant
blue G-250 dye there occyrs a change in the solution's light
absorbancy characteristics. ThiS'alters the normal extinc-
tion coefficient of the solution. -Since the extinction
coefficient is a measureable variable, which is used in the
equat;on to calcula;e the dye concentration, any change in
the extinction coefficient will change the concentration
measurement of tﬁe:dye. . The sensitivity of this dye bound
protein method has been found to be bétter than both the
commonly used biuret and Lowry methods, with the latter
technique corresponding to only 25% of the sensitivity of

the dye-bouﬁd protein method. One minor technical problem

which has been found in the use of this dye-bound protein

technigue i8 that the blue dye tends to coat the inside of

the cuvettes. This problem may be eliminated if proper
cle%p-up instructions are followed (See Appendix G for com-

plete technique).

Following a significant result{ in the Bradford assessment

of totall proteins, - the researchet may wish to analyze for

specific plasma proteins. As previously mentioned, there

~

)

—o
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are at least three reliable techniques which may be‘used; al
a spectrophotometric technigue, b) a radioimmunoassay tech-
nique, and c¢) an electrophoretic techniqge. The technigque
thch appears to be least expensive while maintaining a very
pigh level of accuracy and efficiency is the modified spec-
trophotometric technigue for the analysis of albumin, as
outlined in Appendix H. The underlying theory in the devel-
opment of this technigue has been preseﬁted by Doumas and
Biggs (1972), and Rodkey (1965). The Rodkey technique pro-
posed thét when the pH of a solution containing albumin is
neutral there exists a strong binding affihity between the

alkaline side of the albumin molecule and the anionically
natured BCG dye. Although this method was'successfulz Dou-
mas and Biggs (1972) modified the procedure and eliminated
some of the potentially misleading'features. These authors
stated that the measurement of the binding activity bé%ween
BCG dye to albumin may be increased if the pH of the solu-
tion is approximately 4.2 and the spectrophotometer 1is set
at 28 nm. Both of these early experiments were based on the
principle that the reactions involved in the binding oé an-
ionic dyes to albumin are equilibrium reactions. Therefore,
as long as the volume of anionic dyé is greater .than the
amount of BCG_free albumiﬁ' molecules then the measurement

-

will be reliable.

A third technique, which may be utilized in the post-ex-

ercise assessment of proteinuria, is the electrophoretic
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separation of colloidal substances. Although electrophore-
'sis is very time consuming and is not superior in accuracy
to the more widely used radioimmunological and spectrqphoto—
metric techniques (Doumas and Biggs, 1972}, this method

~.should also be considered by persons who do not have access
to the radicimmunoassay or épectrophotometric equipment.
However; -this technique is not reguired if - the researcher
prefers to use the faster and more acurate spectrophotome-
tric techniques previously discussed. Cann (1969), has de-
scribed electrophoresis as-an optimal method to separate ma-
cromolecular substances based on the principles of
electrical charge migration, The basic theory of electro-
phofetic analysis 1is that oppositeiy charged particles at-
tract each other. Therefore, vgive& the proper supporting
medium, electrically charged b;ological colloids will sepa-
rate according to group classification and move towards op-
positely charged poles of an electrical current. “However,
in electrophoretic analysis, certain considerations such as
the pH of the electrolyte solution, ove;all strength of the
colloid's electrical charge and:the frictional coefficient

-

of the transport medium must be acknowledged: (Cann 1969,

Moreland.1962).

Cann has also ﬁentioned,that electrophoretic techniques
follow either the principles of moving-bouhdary electro-
phoresis or zone electrophoresis. ATthough both methodolo-

gies will provide measurements of the concentrations of col-
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loids in biological solutions, the techniques of zone

electrophoresis appear to be most effective in complete sep-

aration of the specific protein groups. Wybenga (1974), has

suggested the use'pf cellulose acetate strips as opposed to

paper filters in providing the support medium in the techni-

.qﬁe of zone electrophoresis. The author stated that in us-

ing cellulose acetate 'strips the researcher may eliminate

the cumbersome preparation of the medium required when using

-paper. As well when using cellulose acetate strips the

bio-colleoids take less time to migrate to their destina-
tions, and their final pattern'displays a denser and clearer
re;olution. This is important to the densitometric reading.
of migrated proteins. The éensitometer.is the -apparatus
which is used to provide the gquantitative value in the’réla-
tive protein concentration analysis. The purpose of the ma-
chine is to read the amount of light which passes through
the migrated proteins. An inverse relationship exists be?
tﬁéen-the density of the migrated' protein and the amount of
1igh? which is ‘measured. The values for relative concentra-
tions of proteins may then be read directly from the appara-

tus. -' "



. ' Chapter III

METHODOLOGY

3.1 THE SUBJECTS

The subject population was made up of first division
¢club rugby players from the Bytown Blues Rugby Football
Club, Ottawa, and fourth year Physical Education students
attending the University of Ottawa. The ages of the subject
population ranged from 19 to 36. The total number of sub-
jects involved in this study was 14 (refer to Appendix A for

physical profiles of subjects who were also training for

rugby).

Although not having specifically trained on a bicycle er-
gometer, all subjects héd previously been, and were at the
time of testing, involved in high intensity endurance type
training. All subjects were considered asymptomatic of ill-
ness or injury during the testigg and were required to sign
an informed consent letter which stated that the testing
protocol had been éxplained completely prior to th% onset of

testing (see Appendix J).

_46_
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3.2 PROCEDURE FOR EXERCISE

3.2.1 Testing Protocol

Each of the subjects made three wvisits to the human per-
formance laboratory at The University of Ottawa. - The first
visit was necessary to determine the subject’'s maximal oxy-
gen uptake '(V02 maximum), the information from -which'was
used to establish the workload intensities for the subjects
follbwing visits: _the continuous and intermittént exercise
tests. It should be noted that the order in which the con-
tinuous and intermittent work tests were administéred was

completely randomized. However, no subject performed either

test with less than 24 hours rest between the test sessions.

3.2.2 Measuring V02 maximum

The procedure to determine each subject's VO2 maximum
followed the protocol of a progressive bicycle ergometer
test. Each subject was requested to arrive at the laborato-
Iy 1n a post absorptive state. He was immediately reqguested
té lie down for 20 min_so that an approximated basal heart
rate reading could be established. The subjéct then rode
intermittentli on a Monark bicycle ergometer at progress?%e-
ly increasing workloads of 5 min duration until reaching V02
maximum, | The VO2 maximum was indicated by a plateauing of
the successive V02 measurements taken during the subject's

ride. A complete description of the exercise protocol used

in determinations of VO2 maximum is presented in Appendix E.
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3.2.3 The Intermittent Work Test

Each subject was requested to arrive at the laboratory in
a post-absorptive state. He was then instructed to empty
" his .bladder and relax in a seated position in the laboratory
at which time he was requested to drink water at-a voiume of
20 ml/kg of body weight. This was done to ensure that the
subject would not become hypohydrated gnd as such be unable
to provide the two post-exercise urine samples (Kachadorian
and Johnston, 1970). The pre-exercise seated rest period
lasted for 20 min. Immediately following the pre-exercise
seated rest period the:subject was asked to give a blood and
urine sample.  The subject was then given a 3 min warm-up
ride on the bicycle ergometer at a workload of 300 kpm fol-
lowed by a 3 min rest while seated on the bicfclg. Immedi-
‘ately after the warm-up rest period the éubject rode the bi-
cycle at a workload equivalent to 100 percent of his
predetermined VO2 maximum adcording ﬁo the schedule' of 16 x
2 min work bouts each separéted by a 2 min rest. Upon com-
pletion of the intermittent work test, the subject was asked
to giQe a sipgle post-exercise blood and urine sample.
Thesa/;amples were taken within the first 5 min after exer-
cise and were designated as the post-exercise samples. After
giving the 5 min post exercise urine sample, the subject was
regquired to sit in a comfortable position for 1 hour so that
the renal functioning mechanisms coyld be normalized prior

to collectihg the final blood and urine samples (Castenfors,
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1977). The final blood and urine samples were taken as
close to 60 min as possible after ‘the subject completéd the
Qork test. The total intermittent work test protocol took

approxiﬁately 150 min.

3.2.4 The Continuous Work Test \%

The continuous work test ‘was conducted with a protocol
similar to the intermittent work test. All warm up, and
rest periods, and collection times for blood and urine were
conducted according to a similar time schedule, with the
following modifications in the exercise schedule: the sub-
jects were a%ted to ride the bicycle ergometer continuously

e
for 42 min at a workload equivalent to 75% of their predet-

ermined VO2 maximum.

3.2.5 Blood and Urine Analyses

On the day.of'the respective intermittent and continuous
work tests, each subject provided a pre-exercise blood &dnd
urine sample after the 20 min rest period. The urine sample.
was provided voluntarily by the subject and analyzed accord-
ing to the procedure outlined in Appendix F. The urine sam-
ples were analyzed for total protein concentration by using
the coomassie G-250 dye bindinq method of Bradford (1976).
Refer to'Appendix G for a complete description of the Brad-

ford technique. The urinéry output of albumin was measured
; .
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“with the modified version of a spectrophotometric techniqué
involving the anionic binding of BCG dye to the albumin molr-
ecule (Gustafsson, 1978). Refer to Appendix H for a com-
plete description of this modified technigue. The blood
samples 'were taken from the bubject's right antecubital vein‘
by a gqualified laboratory technician using a 10 ml np;mél
vacutainer fitted_with a 21gl1/2 size needle. Blood saﬁples
were analyzed for pH.'concentrations using the Corniné pH
blooa—gas analyzer located in the biochemical laboratory of
the Department of Kinanthropology. Lactate concentrations
vere measured using the Boehringer-Mannheim U-V method de-
signed by Gutmann and Wahlefeld (1974) Refer to Appendix B
for a complete description of the lactate analysis techni-
gue. The 5 min-and 1 hour post—ekercise blood and urine

samples were analyzed following the same procedures.

3.2.6 Equipment

All blood, urine and exercise testing procedures were per-
formed in the Department of Kinanthropology at the Univérsi-
ty of Ottawa, The bicycle ergometer tests ;were performed
using,a GIH Stockholm Monark bicycle ergometer. Heart rate
responses were monltored using a Cambridge VS4 electrocardi-

ogram. The subject’ g expired gas was collected with a Col-

- -

lins Chain Compensated Gasometer and analyzed for CO2 con-
centrations with a Roxon Meditech Capnograph. The expired

02 was measured using a Roxon Meditech Oxygen Analyzer and
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fécordings were taken with a Narco Physiograph Four-B. The
uripe samples were collected in standard 150 ml graduated
labofatory flasks. The urine samples, were analyzed for to-=
tél_protein and albumin concentrations using the techniques
and chemicals presented in Abpendices G and H respectively.
The blood was collected using Beckton and Dickenson Normal
Vacgtainers which were equipped with a size 21Gl1/2 VaCUf~
tainer needle. The bloocd samples bére'analyzed for pH con-
centrations psing the Corning Blood Gas Aﬁalyzer, model num-
. ber 165pH. Lactate concentrations were measured using the

Boehringer-Mannheim method. The gquantitative spectfophoto—

metric analyses were performed with a Bausch and Lomb Spec-

tronic 88.

3.3 DATA ANALYSES

3.3.1 Statistical Treatment of Data

All of the statistical results were calculated .with the
BioFMedical Data Processing.(BMDP) statistical packages
available thr;:;h the University of Ottawa's O0S/VMS-1 com-
puting facilities, The Eiie definition utility programs (F
Utility} were used to organize all of the data prior to the.
analysés. The 2 way analysis of variance with repeated
measures design was used to measure the overall differences
between the continuous and intermittent work tests of this -

study, as well as 4K ifferences between the pre-, post-,

and one hour post- collection times, ~of the depen-
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dént variables blooé pH.(BpH), blood lactate (BL), urine al-
bumin (UA) and urine total protein (TP). A probability lev-—
el of P < 0.05 was established as the level of significancé:

for the 2 way ANOVA designs used in this study.

Simple {pairwise) correlations, organized as a matrix for
all possible within test pairwise comparisons, were also
used in the statisitical analyses of this study. This pro-

cedure was used to support the premise that specific, physi-

ologically relevant, relationships existed within the design
of this study:“ The level of significance for the pairwise

correlations, of this study, was based on the significant

-
-

difference comparison of the correlation coefficient to

Zero.

Multiple linear regression equations were administered to
the data following the ANOVA, and correlative relationship
tebts. The multiple linear regression eguations (refer to
Tables B to 11) were used to measure the relative contribu-
tion of BpH and BL to the urinary outputs of UA and TP, as a
method of determining the potential relationships between
the exergise-induced changes in blood acidity and the post-

and one hour post-exercise outputs of UA and TP.

A
-



Chapter IV

T RESULTS AND DISCUSSION

.In this study, fourteeq trained male athletes were re-
guested to complete a continuous work test and an intermit-
tent work‘test on a bicycle ergometer. (Refer to Appendix A
for descriptive profiles of subjects involved in rugby
training). Albuminurié and blood acidity responses of the
subjects were measured pre-, post- and one hour post-exer-
cise, wiﬁhin each work test. The resulting measurements
were used to test for significant differences between the
‘coﬁtinuous and intermittent work tests of this study, as
well as to test for significant differences between the
thrée collection time€s within each work test, Further, the
potential relationships between the exercise-induced albumi-
nuria and blood acidity responses within each work testlwere
also measured. All.measurements of the potential relation-
ships between the four dependent variables- blood pH (BpH),
blood lactate (BL), urine albumin (UA), and urine total pro-

tein (TP) were performed independently for each work test.

The exercise-induced albuminuria responses were deter-
mined through the pre-,. post-, and one hour postvexercise
measurements of albuminuria and total proteinuria. The ex-

ercise-induced blood .acidity responses were determined
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through the pre-, post-, and one hour post-exercise measure-
ments of venous blood lactate and venous blood pH. The mean
scores for the.blood pH, blood lactate, urine albfmin and
urine total protein measurements, within each work test,
have been presentea iﬁ Tables 1-2 and Figures‘3-6. Raw data

°

are tabulated in Appendix A.

( )
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4.0.2 The Analysis of Variance Précedure

As previously stated, the two way analysis of variance
procedure with repeated measures design was utilized in this
stuéy. This statistical procedure calcuféted comparisons on
three levels: Level A, the main effects between the two work
tests:; Level B, the main effects between the three collec-
tion times for the tw6 work tests combined (pre=Cont + Int,
post=Cont + Int, lh.post=Cont'+ Int); and Level C, the in-
teraction component, which is defined as Level A x Level B.
A probability level of P < 0.05 had been preﬁiously estab-
lished as the level of significance for the F va}ues. The
calculations within the analysis of variance procedures were

performed using balanced groups, therefore in all ANOVA pro-

[

cedures n=11.

-

The results of the analyses of variance procedures, pre-
sented in Tables 3-6, have shown that the continuous and in-
termittent work tests, which were used in this study, . pro-
duced significantly different effects Qn both the production
of bloba lactate, and the urinary outputs of albumin and to-
_tal proteins. No significant difference was observed be-
tween the two work tests for the variable blood pH. Fur-
ther, Level B of the ANOVA, which measures the main effects
of the three collection times for the two work tests com-
bined, has shown that a significant difference occurred be-

tween the pre- versus post- versus l1hipost-exercise collec-
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tion times for the variables BpH, BL and TP. Finally, the
interaction component (Level A x Level B) of the ANOVA pro-
cedure, showed statistical significance only for the vari-

able BL.

All significant F velues, which resﬁlted from the ANOVA
procedures, were further analyzed with the Scheffe post-hoc
technigue. The Scheffe post-hoc procedure was also uéed to
compare between test means for each level of * collection
time, - as an atteqpt to determine the level of between test
significance (eg.' Int pre versus Cont pre). The post-hoc
Scheffe test was not used to analyze comparisons which could
be considered irrelevant, such as . continuous exercise pre-
test scores versus intermittent exercise post-test scéres.
- The results of the Scheffe post-hoc procedures have been

_presented in Table 7.

The results of the blood pH measurements indicate that
neither the continuous nor the intermig}ent exercisérproto-
cols had created a more strenuous effect on the ability of
the subjects to buffer the increased acidity which may have
been produced in the two work tests. Yet the significant
pre- versus post-exercise ‘results which were reported for
Level B of the ANOVA suggest that each work test was inde-
pendently effective in creating a stress on the subject's
ability to buffer the increase in acidity. Further, the re-

turn of the subject's acidity measure to normal, as reported
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in-the one hour pvost- exercise values, indicates that the

effect was short-lived.
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Table 7: SCHEFFE POST-HOC RESULTS
PLANNED COMPARISONS Degrees of Freedom

Variable name: blood pH

{cont + int)} Pre vs Post (2,20)
Post vs lhr Post (2,20)
~ Pre vs 1lhr Post . (2,20)

Variable name: blood lactate

(within test) Pre{c) vs Post(c) - (2,20)
Post(c) vs lhr Post{c) (2,20)
Pre(c) vs 1lhr Post{c) (2,20)

Pre(i) vs Post(i) (2,20)
Post{i)} vs lhr Post(i) (2,20) :
_ Pre(i) vs ihr Post{(i) (2,20) ¢

{({cont vs int) Pre({c) vs Pre(i) (2,20)
Post{c) vs Post{i} (2,20)
lhr Post{c) vs lhr Post{i) (2,20)

‘'Variable name: urine albumin

(cont vs int) Pre(c) vs Pre(i) (2,20)
' Post{c) vs Post(i)"- (2,20)
lhr Post{c) vs lhr Post(i) (2,20)

f VALUE

0.49
0.85
0.05

5.14 *
4.04 *
0.07

12.36 *°

10.31 *
0.0%9

0.03
2.50
0.04

0.035
0.957
0.233

Variable name: urine total protein

{({cont + int) Pre vs Post . ' (2,20)
Post vs lhr Post - (2,20)

Pre vs lhr Post (2,20)

(cont vs int) Pre({c) wvs Pre(i) (2,20)
Post{c) vs Post(i) (2,20)

. 1hr Post(c) vs lhr Post(i’) (2,20)

legend: (c)=continuous work test results

« (i)=intermittent work test results

0.09
1.23
[1.55

0.04
0.49
0.61

* denotes significance at the p<0.05 level

66
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4.0.3 .Bléod Lactate Results

The. results of the post-hoc -Scheffe comparisons for the
variable blood lactate, indicate that no significant differ-

ences exist for the three collection times ‘between the two

work tests.

Such results were not consistent with the fin@igsiof Hol~-
loszy et al (1977), and Christensen et al (1960).~ As pre%i-
ohsly'reported, these authors stéted that the dd}ation and
intensity of an activity are of primary importance in influ-

encing blood pH and blood lactate changes.

-

Although the comparisons between the fwo work tests wére
not significantly differént-in this study, a comparison of
the graphed mean values would indicate that the.poét inter-
mittent exercise scores were higher than- the post continuous
exercise scores. The lower blood lactate values which were
observed in the continuous work test are in agreement with

the reported findings of Karlsson (1970) and Astrand (1963).

According to Astrand (1981), specific metabolic factors
such as substrate availability, inhibition of the rate lim-
itiﬁg‘enzymes and oxygen supply are considered to be regula-
tory mechanisms in the utilization of either the anaerobic
or aerobic energy systems during a given activity: Astrand
has stated-that }n the initial stages of exercise the prin-

ciple source of energy is the anaerobic system, while the
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aerobic processes contribute very little to the overall en-
eﬁgy reguirements. .ﬁowever,- as the duration of the work
cpntinues to increase, the aerobic energy system.becomes the

ﬁreferenﬁ?al energy production pathway.
e

The blood lactate concentratlons . reported in the present.

j%tudy follow the expect d results presen{ga\\pxg Astrand

{19377, 1981). ~ During the work bouts of‘Pigh intensity and
Y BT ’
)

short duration {the intermittent work tes there occurred a

- large production of lactate, whereas in the work bouts of
/

moderate to high intensity for a prolonged durationlu(the

contlnuous work test) the observed blood lactate concentra-
tions appeared to be lower (however, the dlfferences betwéen

the two work tests in this study were not significant). The

difference in the lactate concentrations observed\ between

the pre- and post-exercise blood samples measured in the
: ]

'~ continuous work test may be explained in a similar pay. The,

"anaerobic energy system is normally reguired to/ share the
- ’_) .
- T . o N
energy supply responsibilities during a contin@ous exercise

procedure, when the workload is equal to or/ greater than

seventy percent of the maximum. This requirefhent exists un-

til the giycolytic supply of energy is eithtr used'up or .in-
hibited by the accumulation of'substr es from eitﬁer‘glyco-
lysis or ‘other energy- contributin ‘processéﬁ (Astrand 1981,

Astrand and Rodahl “1977).

\
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Astrand has suggested that the utilization “of “anaerobi-
caily produced energy is inversely related to the duration
of-tﬂo‘exércise activity. The author-presented the follow-
ing gquantitative relationships: after 5 min prolonged heavy
exercise the anaerobic energy system is responsible for ap-
proxiﬁately 25% of the total energy production, while after
10 min 'of work the contribution. of the anaerobic.systom has.

.been reduced to approximately 15% of.the total energy re-

quirement.
L]

In evoluating the results of .the blood lactate measure-
ments for the present study, one must consider fhat the re-
ported observations only refer to tue pre-, post- and one
hour post-exercise results. The kinetics of the blood lac-
tate’ molecule were not measured during elther the continuous
or 1nterm1ttent exercise tests, This measurement may have
been cr1t1cal to the evaluation of the biochemical processes
which affect the .blood- lactate molecule under different
types of work tests, For example, in the intermittent work
test the biood~lactate which was- produced during each 2 ‘min
ride on .the bicycle ergometer may havq‘been degraded by thg
spec1§1c lactate regulatory systems during the 2 min rest
gtages (McGilvery 1979, Lehninger 1972, Astrand 1981).
Thereforo, it would be 1ncorrect to suggest that any blood
lactate regulatory systems vere réspohsible for differences

which may have been observed between the intermittent and

continuous work tests.-  The research design and analytical'

-~
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tecﬁniques uséd to measuré blood lactate-in this study, did
not allow for the analysis of biooq_lactate reguiatbrf sys-
tems. Catheterization and Eubsequeht continyous venous sam-
pling may have been one technigue which could have been used
to measure the involvement of biochemical regulatory systems
in the various types of exercise. According to Gass et al
(1981), the potential for these -systems to be'qff%ctiQe dur-

ing exercise must be realized.

4.0.4 Urine Albumin and Total Protein Responses

The analysis of variance procedures, used in this study,
showed that a significant difference existed between the
overall effects of the two exercise protocols, intermittent
and continuous cycling, on the urinary outputs of UA and TP.
However, the results of the post-hoc Scheffe tests did not
show further significant differences within paired compari-

séis for either UA or TP (refer to Table 7).

With reference to the graphical preseptation of the UA

and TP results (Figures 3~6) it is evident that the post-in-
termittent exercise average values for both UA and %P were
higher than the post-continuous exercise test average val-
ues. Likewise, the average Valﬁe”for-BU was highest in the
post-intermittent exercise blood sample. However, as no

significapt simple, pairwise.correlations.were found between

. -~
either BL and UA, or BL and TP {(Appendix &), a direct-%ela—

e arommtia i s B et ter



~ - . : R |

tionship between the post-exercise measurements of BL with

either UA or TP, in e@ther work tést was not supported. To-
donvic et al (1972), ireported thaﬁ no s@gngfiéant correla-
tions were obsérveé between BL and proteinuria in-submaximal
work tests where the exercise intensity was changed incre-

mentally. «

i

Although no “direci“ relationship was observed between BL
and either TP or UA, in either the continuous exercise test
or the intermittent-exercise test, a "conditional"” relation-
ship was observed. For examp%e: both ﬁA and TP were.used
as dependent variables in.multiple'linear regression egua-
tions which attempted to determine if, by combining the col-
lection time measurements of BpH and BL, for each test inde-
pendently, significaﬁt- relationsh%ps .would be observed
(é' les B8-11). As a result, in each work test, post-exer-

cifse TP was significantly related to the combined measure-

ments of pre- and post-exercise BpH and BL. Urine albumin

was also signizétantly related to the combined measureﬁents
of pre- and postfexercige BpH and BL. However, the signiff—
cant multiple regression relationships for the variable UA
. were only true for‘the intermittent work. tést results. No
other significant multiple regression equation relationships

were observed.

-

" Todorvic et al (1972) reported that a positive signifi-

cant correlation was observed between BL and proteinuria,

., -

»
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and a negativehcorrelation was foung between BpH and'BL,
following exercise - where the intensity was held éonstant.
{The reader will notice that these findings are cdntradicfo—l
rf to previously reported results by Todorvic regarding in-
cremental exercise of varying intensity.) Based on the re-
sults of exerci at a constant work intensity, Todorvic
_‘stated that pogzﬁeiercise proteinuria was directly related’

t

workload intensity and workload duration. Such conclu-

sions axe consistent with previously reported studies which

attempted to identify a cause-effect relationship between

post- rcise blood acidity and proteinuria (Poortmans and
Haralambie 1979, Castenfors {977). However, as Todorvic
also showed, the relationship between BL and proteinuria

should be considered unstable, whereby the correlation}% were

-

only observed to be significant within a limited range. For
example, when the post-exercise blood lactate and blood pH
levels became t8o high their correlational significance with

RS )
the observed levels of proteinuria were non-existent. This

observation is very iMportant as it suggests that the possi-
ble relationships between blood acidity and proteinuria may

not be linear, regardless of the type of exercise.

[ 4

The significant - conditional-relationships, reported in

the'present study, are.consistent with those authogs who
. t

have suggested tﬁsg, post-exercise proteinuria may be relat-
ed to specific changes in the ionic nature of either the
. -

fluid medium (blood),  the protein molecule, or the renal

D
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tissues, which may then affect the normal filtration of ma-
.‘cromolecules. It would be incorrect however,- to suggest
that from - the results of this study, or previous similar
studies (Todorvic et al 1972, Javitt ahd Miller 1952) any
single item of the macromolecular filtration process was
more ‘affected by exercise than any of the other items.
Presently, the literature is incbnglusive in.étating which
faétors of macromolecular filtration are most affected by
exercise-induced blood acidity (Ryan 1981). For example, al-
though Todorvic had suggested that increased concentrations
of circulating cations would be -predominant in altering the
physical properties of the macromolecular plasma proteins,
previously presented research (Jones 1969, Chang et al 1975)
regarding the glycoprotein qonstitdents 'of the glomerular
capillary indicate that, renal blood of .a ?ationié nature,
which may have the potential to modify the‘alectrical prop-
erties of the plasma proteiné, should also be- considered to
have the potential to neutralize the anionically-natured

sialoproteins of the GCW.

Therefore, the significant relationships which have been

reported by this study should be evaluated in the following

way- a) ‘these results are extremely conditional to the de- .

sign of this study, b) the tests used to measure the blood
acidity and urinary-profein outputs were non-invasive and as
sueh do not- indicate precisely the systems which were opera-

'tidha}\within the exercising kidney, c) neither’ the regres-

as
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sion nor the pairwise correlation procedures weré used to
show a cause~effect situation, these techniques were used
only to provide a measure of potential relationship between

indicators of blood acidity and the urinary output of prote-

in.
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Chapter ¥
CONCLUSION

5.1  SYNOPSIS : : -

The purpoéé of this research study was to compare the
.relative exercise-induced alt%rations in blood pH (BpH) and
Rlood lactate (BL) with the urinary output of total proteins
(TP) and albumin (UA) in trained male athletes participating

: ’
in separate intermittent and continucus work tests.

-

Three. primary areas .of comtern were investigated:

(1) The comparison of the results for the
dependent variables- BpH, BL, UA, and TP,
in the intérmittent versus continucus work

test protocols specific to this study.

{(2) The comparison of the results for the
pre-, post- and one hour post-exercise
f
measurements of the dependent variables

in each of the work tests, -

(3) The evaluation of both pairwise correlatiors
and multiple régreSsion equation measurements,
+. + for potential relationships which were

specific to this study.

- 79 -



5.2 CONCLUSION AND RECOMMENDATIONS

5.2.1 | Summar

(1) Thé‘ analyses of variance procedures, used in——this
study, produced significant main effects comparisons for the
between work test factor (level A) for the variables BL, UA
and TP (refer to Tables 3-6). However, the interaction com=
ponent (Level C) of the ANOVA was not significant for the

variables UA and TP, but was significant for the variable

BL.

<>

4

& : ’ A q
(2) The analyses of variance procedures.also produced sig-
nificant main effects comparisons, for the between ccllec-

.. { v a
tion time factor of the two work tests combined (level B),

for the variables BpH,.Pl and TP :(refer'.to Tables 3-6).

»
+
-

(3) Post-hoc Scheffe analfses of the significant ::kylts
prodﬁced by the analyses of wvariance procedufes,) failed to
provide signifi;adce for either BpH, U: or TP, HS&evér,
this post-hoc technique was successful in establishing that
significant differences existed between specific collection

times for the variable BL, within both exercise.tests. Fur-

ther, no significant differences were observed between, the




a global statement referr;ng te ‘the relationshlp between

" made.

. ' | 81
collection times for- the two work tests, (continuous pre-
versus intermittent pre-, etc.) for anj‘S% thé dependent

variables,

(4) No significant pairwise.correlatiens were observed be-
‘tween either of the "indicators of . blood acidity (BpH and

BL), with either of the indicators of proteinuria (UA and

= TP), in either work test (refer tQ-Appeﬁdix A).

- -
- T A

b4

(5) - Specific mu le regression equations ihdicated that

potentlal relatlonsths for the variables TP and UA - Hlth
pre- and post- exerc1se collectxon time meassrements of BpH

and BL existed for spec1f1c_ combinations of these variables’

(refer to Tables 8-11).

5.2.2 Concluding Remarks

This study had attempted to indirectly measure the mecha-"

‘nisme which have most often heeh related to theipost-exér-

=]

cise observation of plasma proteinuria, namely blood acidity

related to albuminuria. Bhsed on the results of this stday
- . r

‘blood .acidity and post exercise prote1nur1a could not be
? .11 ..“

i
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Although the specific 'fmultiplé regression equations
SQOﬁed that a relaéion&hip was present between the cbmbined
pre- and post-exercise “measurements of BpH and BL with the

post-exercise urinary output of TP, and the UA results in

the "intermittefit work test, the fact that these results are

' specific‘to this study should be emphasized.

From the results 'of thF analysis of wvariance procedureg
and the the .post-poc Scheffe tests, one may conclude that
this study was unable to provide evidence that .a significant
difference existed between the two exercise protocols 1in
their abili to affect the physioloéical responses of blood

pH, blood lactate, urine total protein, or urine albumin.

5.2.3 Recommendations

The following recommendations for future studies are sug-

gested from the conclusions of this research study.

(1) Future studies 'should include more comprehensive tech-
niques such as nephron micropuncture\as a means of providing
a direct analysis of the mechanisms involved *-in the trans-

glomerular movement of macromolecules:

(2) Blood samples should be collected during the exercise

sessions to measure lactate accumulation and degradation

continuously (ie: through catheterization}.
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(3) Results of-ghe urinary outputs of macrdm&lecules should
be related to the cléarance values of fhese molecules in or-
der to"provide a quantitative measure of .the magnitude of

the result. ' ) —

(4) 1In order to allow these more extensive measurements it
is recommended that the subject population be made up of

laboratory animals as opposed to humans.

)
&

(
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Appendix A

RAW DATA TABLES:

5

Table Al: Raw

Subject
.
J.S.
G.T.
D.S.
M.F.
G.G. -
M. V.
J.F:
G.B.
R.C.
N.M.
AW,
D.K.
S.M,

L.M.

Cont
Pre

7.285
7.3%7

7.375
7.363

7.361

7.315
7.409

7.328

7.355

7.316

7.349
74350
7.377

Data For pH Measurements

Cont
Post

7.285

7.365

7.315
7.314
7.382

7.346
7.407

7.205
7.264
7.287

7.226 .
7.297.

7.339

Cont
lhPost
7.235
7.382
7.332
7.310
7.391

7.361
7.420
7.338 -
7.346
7.368
7.323- -
7.350
7.358

Int
Pre
7.255
7.330

7.352
7.301
7.323
7.315
7.350
7.368
7.374
7.409
7.345

- 7.353

Int
Post

7.229
7.325

7.232
7.280

7.146

7.348
'7.258

7.376
7.303

'7.352

7.158
7.324

Int

- 1lhPost

7.299
7.338

7.416
7.342
7.352
7.320
7.419
7.376
7.403
7.359

.338
7.385

P
~

-92_
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Table A2: Raw Data'for Lactate Measurements

7/
" Subject

J.s.
G.T.
D.S.
M.F.
G.G.
M.V,
J.F,
¢.B.
R.C.
N.M.
AW,
D.K.
S.M.

L.M.

(Values in Millimoles per Liter)

Cont
Pre
0.830
0.553
0.785
0.199
1.350

.0.774

0.719
0.940
0.783
0.802
0.650
0.727
0.818

Cont Cont
Post l1hPost
1.991 0.940
4.090 0.885
1.770 6{%85
2.650 1.580
16.150 1.710 .

3.096 1.050
2.650 1.160
10.700 2.489
.3.589 0.926
3.042 2.350
4.731 1.150

4.728 0.98%"

4.377 1.037

- Int
Pre
1.078

0.830

1.290
1,050
0.664
1.220
1.844
1.501
1.009

10.932
1.095
0.954

. Int Int
Post lhPost
7.880° 1.920
4.090 0.830

s

11.390 2.320
9,290 1.8B0
10.950 4.150
6.080 0.995
10.314  2.212
6.633 0.693
7.233 1.438
7.203 1.161
10.479 1,980
7.955 1.482
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Table A3: Albumin, Per 0.2 Grams Dried Urine .

Subject Cont Cont Cont . Int Int Int

‘ Pre Post lhPost® Pre Post o lhPost
J.s. 0.065 0.065 0.057  0.050 0.232 0.093
G.T. 0.028 0.030, 0.130  0.173 0.166 0.138
D.S. 0.030 0.108 0.062

M.F. 0.020 0.057 0.030 L .

G.G. 0.059 0.065 0.040 . ©0,053 0.063 0.043
M.V. 0.063 0.181 0.071

" J.F. 0.044 -0.060 0.068  0.029 0.029 0.141
G.B. 0.025 0.030 0.045 - 0.063 0.065 0.051
R.C. 0.015 0.081 0.294 _ 0.028 0.144 0.074
N.M. 0.102 0.052 0.126  0.041 '0.220 0.085
AW, 0.058 0.044 0.017  0.038 D.069 0.036
'D.K. 0.044 0.078 0.173 .0.090 0.142 :0.062
S.M. 0.065 0.036 0,022  0.030 0.186 0.034
L.M. 0.03¢ 0.034 0.044 0,042 0042 0.062

” )



- 95

ey

‘Table A4: Totdl Protein Per 0.2 grams Dried Urine

Subject

J.S.
G.T.
D.S.
M.F.
G.G.
M.V,
J.F.
G.B.
R.C.
N.M,
AW,
D.K.
S.M.

L.M.

‘Cont

Pre

0.116
0.044
0.041

0.021

0.061

0.075
0.031
0.036
0.236
0.060
0.056
0.063
0.050

Cont
Post

0.116
0\- 047 ‘

0.120

0.060
0.091

0.087
0.036
0.095
0.146
0.094
0.080
0.069
0.065

Cont
lhPost

0.075

0.149

0.064 -
0.031
0.040

0.097
0.059
0.296
0.130
0.060
0.206
0.060
0.066

Int
Pre

0.080
0.192

%.063
e O

0.074
0.040
0.065
0.037
0.067
0.042
0.165

© 0.065
1 0.070

—

int .
Post

0.294
0.167

0.116
- 0.236
0.037
0.070

0.216
0.255
0.134
0.233
0.189
0.065

Int
lhPost
0;145
0.144

0.080
0.117
0.175
0.052
0.123
0.167
0.065
0.072

1 0.091
0.097
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Table A5: Albumin Content (Grams Per.100 ml. Brine)

i

Subject Cont
Pre

J.S. 0.582
G.T. 0.407

'D.S.  0.380
M.F.  0.296
G.G. 0.798
M.V.
J.F. 0.739
G.B. 0.337
R.C. 0.219
N.M, 1.447
A.W. 1.402
D.K. 1.049
S.M. 0.781
L.M. ' 0.683

Cont
Post
0.829
0.443,
1.079

—

1.348
0.594

0.866
0.403
0.272
0.586

1.282

Cont
lhPost

0.634
1.296

0.853

0.824
0.761

Int

-Pre

0.459

1.723

0.651
0.699
0.322
0.824
0.603
1.718
1.010
2,007
0.425
0.402

Int Int
Post lhPost.

3.800 .060
1.965 2.687

0.814 0.990

'2.152 0.967

0.326 1.909
1.044 0.850
1,320 0.678
1.494 2,668
0.690 1,175
1.473 1.188
1.879 0.384
0.655 2.036




Table A6: Total Protein (Grams Per 100 ml. Urine)

Subject

J.s.
G.T.
D.S.
M.F.
G.G.

M.V.

J.F.

.G.B.
R.C.
N.M.
A.W.
D.K.
S.M.

L.M.

mp——

Cont
Pre
1,035
0.639
0.528
_0.3%0
0.812

1.260
0.418
04526
3.349
1.426
-1.336
0.788
1,005

Cont

Post

1.473
0.698
1.194
1.414
0.828

1.258
0.487
0.630

.1.645

2.738
0.595
0.690
1.090

Cont
lhPost
0.834
1.495
0.880
0.857
0.764

2.121
0.772.

2.288 -

1,954
1.970
2.693
0.673
0.487

Int
Pre
0.750
1.907

0.782
0.821
0.537
0.857
0.787
2.786
1,118
3.680
0.921
0.678

. Int

Post

4,772,

1,977

1.504
2,812
b.416
1.132
1.975
1,732
1.339
2.417
1.909
l.Olé

Int
lhPost
3.201
2.822

1.789
1.594
2.370
0.867
1.123
5.226
2.105
1.370
1.028
3.201
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- Table A7: Dry

Subject

J.s.
G.T.
D.S.
M.F.
G.G.
M.V.
J.F.
G.B.
R.C.
N.M.
A.W,
D.K.
S.M.
L.M.

Weights of Freeze Dried Urine

-

-Cont
Pre
1,792
2.615
2.530
2.962
2.683

2.686
2.425
2.630
2.838
3.686
1.430
2.000

2,010

Cont

Post

2.040
2.670
1.998
1.891
1.461

1.350
2.685
1.591
1.803
2.330
1.487
1,999
2.013

Cont
1hPost
1.780°
2.002
2.475
2.764
2.282

1.621
2.376
1.701

2.405

3.300
2.052
2.243
1.476

Int
Pre
1.876
1.987

1,985
1.774
2.687
2,902
2.586
1.676

1,886

2.230
2.550
1.937

Int
Post

2.598
2.605

1.563
2,384

2.885-

1.942
1.833
1.358

'1.599

1.660
2.020
2.005

Int
lJhPost

2.656
1.563

2.700

2.725
1.750
2.667
1.833
3.319
2.611
2.300
2.034
1.320
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Table A8: Wet Sample Size in Milliliters of Output

Subjeét Cont Cont- Cont . Int Int Int
- Pre Post lhPost Pre Post l1hPost
J.S. 100 80 80 100 80 60
G.T. 90 80 300 100 - 110 40
D.S. 110 100 90

M.F. 100 40 50

G.G. 100 "80 60 8O 60 60
MV, | ’ 80 100 100
J.F. 100 60 60 B0 100 40
G.B. 90 - 100 90 110 60 8D
R.C. 90" 120 110 60 100 100
N.M. 100 80 80 20 100 50
AW, 80 . 40 50 35 80 40
D.K. 30 100 80 50 80 60

S.M. 80 100 100 90 100 . 90
L.M. 50 60 100 100 65 - 20
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Table AS: Phyéical Profiles of Subjects in Rugby

Subject Weighf Maximum VO2 Maximum
(kg) Heart Rate (ml/kg.min)
J.S. 76.4 184 i 49.61
G.T. 70.5 184 53.64
D.S. 86.0 184 55.38
M.F. 52.2 191 65.25
G.G. 68.1 214 63.38
M.V, 97:0 204 42.77
J.F. 64.4 200 54,53
G.B. 82.0 187° 50.67
. (4
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Appendix B -
° THE QUANTITATIVE ANALYSI'S OF LACTATE IN BLOOD

-

"The Boehringer-Mannheim Method"
"Equipment”

Beaker of ice water (crushed ice for blood samples)
ten ml. centrifuge tube for reagent blank

ten ml. centrifuge tubes for each‘Blood sample
pipette with one ml, capacity

pipette with 200 micro-ml. capacity

Vortex test tube mixer , <
table top centtrifuge

disposable pipettes

1 Bausch and Lomb Spectrophotometer
Spectrophotometric cuvettes

Chemicals for reagent preparation (see below)

N

Molecular Weights
Oxygen 15,999
Nitrogen 14.0067"
Hydrogen 1.0079
Carbon 12.011

* When making solutions alwaps use RE-distilled water.

"Solution A" 0.5 moles/liter Glycine
0.4 moles/liter Hydrazine

Glycine {NH2-CH2-COOH): Formula Weight 75.0662
" . 0.5 x 75.0662 = 37.5331 grams/liter
37.5331 x 0.05 = 1.8766 grams/50 cc.
37.5331 x 0.1 = 3.7533 grams/100 cc.

Annhydrous Hydrazine (H2-N-N-H2): Formula Weight 32.05
0.4 x 32.05 = 12.82 grams/liter
12.82 x 0.05 = 0.641 grams/50 cc.
12.82 'x 0.1 = 1.282 grams/100 cc.

"Solution BT 27 mmoles/liter NAD
Nicotine Adenine Dinucleotide: Formula Weight 663.4

0.027 x 663.4 = 17.9118 grams/liter .
17.9118 x 0.01 = 0.1791 grams/10 cc.
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"Suspension C" Lactate Dehydrogenase .
The lactate dehydrogeqase used in this experiment was the
crystalline suspension in an ammonium sulphate solution.

L-Lactate:ﬁAD Oxido-Reductasé; E.C. 1.1.1.27
"Perchlor}c Acig" (HCLO4) circa 0.6 Normal
1 Normal «"Mol. Wt. / (Valence x Spec. Grav. x % Acid)

1l Normal =100.5 / (1 x°1.67 x 0.70)
1 Normal for (HCLO4) = B5.97 - ’

1 Normal x 0.6 Normal = 51.582 grams/liter -
100 ml. of 0.6 N (HCLO4) = 5.1582 grams of (HCLO4)

"Deproteinizing Blood Samples"

* After taking samples deproteinize immediately with
(HCLO4) .

{1) Pipette 1.0 cc. of ice cold perchloric acid into a
centrifuge tube.

(2) Pipette 0.5 cc. of blood into the test tube containing:
the Perchloric acid.

(3) Mix well with Vortex. :

(4) Centrifuge at 2,000 RPM, for five mintes, remove, /.
supernatant with a disposable pipette and place .
supernatant in new centrifuge tube, centrifuge again for
five minutes, remove only the supernatant. -

* If the blood was taken without enough time to centrifuge,

then add 0.5cc. of blood directly to 1.0 cc. of perchloric

acid and keep test tube in'}ce water,

"Preparing Samples for Spectrophotometric Analysis"

* Prepare two test tubes per blood sample and one reagent
blank test tube per subject.

* Pipett the reagent solutions into test tubgﬁfggéording to
the following schedule, . .

S .
Reagent Blank Sample Test Tube
Solution A 2.00 ml. 2.00 ml,
Supernatant ~- S 0.20 ml. .
- (HCLO4:0.6N) 0.20 ml. -- -
Solution B 0.20 ml. 0.20 ml, )
Suspension C .°0.02 ml. 0.02 ml.

Use the Vortex mixer to thoroughly mix each test tube and
incubate for exactly one hour at twenty five degrees centi-
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grade for one hour.’ After the incubation time pour
solutions into the spectrophotometric cuvettes and read.

light absorbance of each blood sample against the reagent
.. blank sample,

"Calculations of Lactate Concentrations”

C=(¢ExV/exdzx u) x F umoles/liter

. Where ¢E spectrophotometer reading

Assay Volume (=2.42 ml.)

Extinction Coeffecient cm2/umole (=6.22)

light path of Spectrophotometer (=lcm.)

volume of blood used in assay (=0.2 if undiluted)
dilution factor for blood

Te o <
U T I

"Calculating the Dilution Factor"

* In this case we used 0.5 ml. of blood which has been de-
proteinized in 1 ml. of perchloric acid.’

(blood vol. x S.G. x $H20 + HCLO4 vol.) / blood vol..

F o=
F=(0.5x 1.06 x 0.8 + ) / (0.5)
F = 2.848

The multiplication factor for calculating light absorban-
cy is set at a constant for the conditions of this experi-
-ment; yet the conditions change between pre and post-exer-

cise blood samples, as post-exercise blood samples must be
diluted. '

-~

((Assay vol. x Mol. Wt.) / (e xd x u)) x F

Where Assay vol., = 2.42
Mol. Wt., = 90.08 grams
; This is the molecular weight of lactate,
~which has the formula {CH3-CH-OH-COOH)
* The multiplication factor for wundiluted blood is 49.9
mg/100 cc.

* Multiply the spectrophotometer reading x 49,9 = [lactate]



Appendix C

A STEPWISE CALCULATION OF SERIAL SAMPLES OF
.LACTATE

* 1 Normal = 1 Molar (when valence is one)
1 Mole / Liter
mg% = mg/ x ml.
Find weight of Lactate:
CH3CHOHCOOH. .. vevev C3 12.011 x 3
' 1.0008 x 6

15.990 x 3

36.03
6.00
. 47.96

bu
(=)}
nnu

Lactate = ¢, 909m/11ter

*90gm/liter : 90,000mg/liter
9gm/100ml. N

9,000mg/100ml.

90mg,/1.0ml.

* 1f 90mg of lactate is found in one milliliter .of stock
lactate solution, then 0.1ml. of stock solution equals 9mg.

* To make serial solutions use the follow1ng calculations:

S S, = Stock solution of Lactate/
- HCLO4 = Perchloric acid, c. 0.6 Normal.

0.1 ml., of S.5. + 59.9 ml. of HCLO4
- 9mg of Lactate in 60 ml. of sol'n
9/60 = 0.15 mg/ml. . of new sol'n
to find mg%, multiply the equat1on by 100
thus 0.15 mg/ml. x 100 = 15 mg$%.

»

* The regression equation of y=ax+b may be used to calculate
the standard curve for the samples.

Where: y = Optical Dehsity at 340 nm. . .
X = mg% :
a = slope = 'y2-yl/x2-x1 (rise over run)
b = y intercept (in this case '0')

- 106 - ~
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Appenaix D
WORKLOADS ON A BICYCLE ERGOMETER

Bicycle Setting Workload Watts/ (Approx.) KPM

Kiloponds Joules Minute Watts :
1.0 2942 49.019 50 300
1.5 ¥ 4413 473.529 75 450
2.0 5884 - 98.039 . 100 600
2.5 7355 122.549 125 750
3.0 ° 8826 147.058 150 S00
3.5 10297 171.568 175 1050
4.0 11768 196,078 200 1200
4.5 13239 220,588 225 1350
5.0 14710 245.098 250 1500
5.5 16181. 269.608 275 1650
6.0 17652 294.117 300 1800
6.5 19123 318.627 325 1950
7.0 20594 '343.137 350 2100
7.5 22065 367.647 375 2250

1l KP., =+ 9.80 Newtons

I II ﬂ

.49.019 Watts

The force acting on the mass of 1 kg. .
at Normal Gravity.

1 KPM., = 9,80665 Joules
300 KPM, = 6 meters x 50 revolutions x 1 KP.

1 Joule = 0.10197 KPM,
1 KP. = 2942 Joules

1 Joule = 50 Watts/min.
* To find the Watts/min, use (KPM / 6.12) or (KP x 50).

"\, /(
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p I Appendix E :
METHOD TO CALCULATE VO2 MAXIMUM

Procedure:

The following sequence of events will be uséd for each
subject with the option of altering initial workloads
amongst different subjects. 5 .

(1) Have subject sit on bicycle ergometer, and take resting
‘blood pressure and heart rate readings.

(2) Each workload will last for five minutes; this includes
the resting state workload. .

(3) Collect expired gas volumes in the last minute of each
workload, rest inclusive.

(4) Subject should be on the mouthpiece by the third minute
of each exercise session, allow tissot k to wash

out old gas by having the expired air f through
. the tank. :

(5) Read tissot tank thermometer, deflection scale, room
thermometer, and barometer, expired gas will be
;ﬁa

analyzed with the previously mentioned lytical
equipment.

(6) Upon completion of workload allow subject to rest
for at least five minutes.

(7) VO2 maximum measurements may be calculated with the
"VO2 maximum Calculating Program", designed by
Wm. Montelpare, written in BASIC Tor Microcomputers.

Use 'Appendix D' to calculate work¥ad settings for each -
subject.
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hppendix F

SCHEDULE FOR COLLECTION AND ANALYSIS OF URINE
: SAMPLES = -

(1) Colled urine in 150 ml. urine collection containers ac-
cording to the time table of; . one sample immediately before
exercise, one sample within five minutes after exercise, and
one sample one hour aftef exercise.

(2) Place tightly covered urine samples irto a styrofoam
cooler containing dry ice or directly into the deep freezing

unit in the laboratory (Room 306, Montpetit Hall, University
of Ottawa).

(3) Freeze dry each sample using the vacuum type freeze dry-

ing apparatus, note the freeze drying process may be left
overnight. :

(4) Determine the total brot‘ein concentration by using the
Bio-Rad Assay technique as outlined in Appendix F.
(5) 1f a «total protein value is obtained thén measure the
albumin concentration by using the spectrophotometric tech-
nique as outlined in Appendix G. :

(6) 1If no total protein value 1is obtained then discard the
sample, (note) under normal conditions there should be no
macromolecular, proteins found in urine However low molecular
weight proteins which have not been reabsorbed by the proxi-
mal and distal tubules may be present.

- 109 -
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Appendix G
A RAPID TECHNIQUE TO MEASURE TOTAL PROTEIN

"The Bio~Rad Method”

Assay kits and reagents may be purchased from Bio:fad Ltd.
Mississauga, Ontario. (Bradford, 1976)..

* Preparing the Protein Reagent:

(1) Dissolve 100mg of Coomassie Brilliant Blue G-250 dye
in 50mg of 95% Ethanol. :

) Add 100ml of 85% Phosphoric Acid.

) Dilute to one liter resulting in the concentration
of 0.01% Dye, 4.7% Ethanol, and 8.5% Phosphoric Acid.

wN

(
(

* When making serial solutions of protein, Bio-Rad Ltd. has
suggested the use of Bovine albumin, whenever investigating
for albumin. . - ’ '

* The technigue to measure protein concentrations is ex-
tremely easy and quick.

(a) Add 0.1ml of solution {urine) to 5ml of Protein
Reagent (the dye). )

(b) Mix with either the vortex, or by inverting. .

(c) Aadjust the urine solution to 0.1ml by using the
appropriate buffer (ie: 0.15M nacl solution),

(d) Use 3ml cuvettes to read the absorbancy at 590 nm.

(e) Samples may be read between two minutes and one
hour after preparation. '

* Making the 'saline. buffer':

0.15M nacl = na 22.9898
, cl 35.453 ° '
**Formula weight of nacl is 58.4428
Thus a 1M sol'n of nacl = 58.4428 gm/liter
a 0.15M sol'n = 8.76642 gm/liter.




~ Appendix H _
. ) .
MODIFIED. SPECTROPHOTOMETRIC ANALYSIS FOR ALBUMIN

o

"Based on the Technique of Sigma Chemicals Company for:
The Colourimetric Determination of Albumin in Serum”

Thebdretical Principle:

-

é:;ying theory for this technique's measurement of
'albud;ﬁiis iﬁilér to that described in the "Bradford analy-
sis oé\total“protein". That is, when albumin is-ﬁlaced in a
buffereé\éﬁ;ironment containing the anionic dye "Bromcresol
Green", there occurs a binding reaction between the dye and
the albumin which changes the colour of the dye to "an in-
tense blue". The blue dye is referred to as the albumin-BCG
complex. The albumin-BCG compiex is measured at c.630 na-
nometers on either a spectrophotometer, or a colourimeter.
The following technique has'Been modified for the analysis
of albumin in urine as opposed to the analysis of albumin in
serum, for which the original technigque was designed.  Ac-
cording to Gustafsson (1958), changing the dilution factor
between the "Bromcrescl Green Dye" and the sample of urine

is a acceptable procedure for measuring increases in measur-

ing increased levels of albumin in urine.
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-
Preparing The Reagents for The In-Vitro Diagnosis: -
L

(1} albumin Colour Reagent, Stock Number 630-2
contains Bromcresol Green, O.Di%(w/v) in buffer: pH 4.0

Sodium Azide 0.04% added as preservative, surfactant -

 added. . _ /
* Store-at room temperature and keep protected from /
light, . . \\

(2) Protein in Standard Solution, Stock Number 540-10
Contains; Human albumin c¢.5 gm./100ml., and Human Gamma
Globulin ,c.3 gm./100 ml. '

Sodium Azide 0.05% ‘added as a preservative.

(3) Sodium Chloride Solution of c.0.85% or 0.15moles/liter
0.15 NACL= NA 22.9898
" CL 35.453
Formula Weight= 58.4428
If a ;ne molar solution of NACL= 58.4428 gm./liter then:
* 0,15 molar solytionof NACL= 8.76642 gm./liter .
* 0.85 % solution of NACL; 8.5 gm. of NACL per liter

of H20.

(4) Collect urine in standard urine collection jars provided -
with a screw on/off cap;
Place urine sample in deep freeze unit immediétely.
Record volume of sample before freeze drying, with

a vacuum type freeze drying unit, to a powder.



(5)

To reconstitute urine: Dilute 0.2 grams of freeze
dried urine to one milliliter with the appropri

NACL buffer.

113

This will be a Five-Fold Dilution of the urine sample.

Analytical Procedure:

* Use A Standard to Validate Calibration Curve *

{A)

(B)

(c).

(D)

(E)

(F)

(G)

Labél three or more test tubes; Blank, Standard,

Test 1, etc.

To all test tubes add 2.5 ml. of albumin colour

reagent, this is the Bromcresol Green Dye.
To "Blank" add 0.01 ml. of NACL.
To "Standard™ add 0.01 ml. of Protein Standard.

To "Test 1", etc., add 0.1 ml. of five-fold diluted

sodium chloride reconstituted urine solution.

Mix with "Vortex", and allow to stand at room

: _ ‘ -
temperature for ten minutes. .

'~
Read absorbancy at 630 +/- 5 nm. using the blank as

standard measurement.



s
In view of the fact that this-téchnique_waé designed for
serum, the choice of spectrophotometric wavelength was veri-

fied by the following experiments: A

. * Making Standard Solutions of Protein (albumin).

Using a stock solution of a known concentration of
albumin, dilute the known concentration with 0.15 Molar NaCl

Buffer, according to the following table.
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References for Standard Solutions of Albumin

BSA
BSA
BSA
BSA
BSA
BSa
BSA
BSA
BSA

ToXTeRToRVe NToRVoNTaRTaQVs]
a s 4 & ¢ 8 » = b

BSA
BSA
BSA
BSA
BSA
BSA
BSA
BSA
BSA

W0 WO WO A 00O AW
] ] ) [ ] - ] L} L] [)

OO0 OOCO0O HHNDNWWE&W,
bmunmmqmm onounomnomnmo

/ 100
100
100
100
100
100
100
100

100

100
100
100
100
100
100
100
100
100

B e S

ml.
ml.
ml.
ml.
ml.
ml.
ml.
ml,
ml.

ml.
ml.
ml.
ml,
ml.
ml.
ml.
ml.
ml.

NaCl=
NaCl=
NaCl=
NaCl=
NaCl=
NaCl=
NaCl=
NaCl=
NaCl=

NaCl=
NaCl=
NaCl=
NaCls=
NaCl=
NaCl=
NaCl=
NaCl=
NaCl=

0OQO0OCOO0O0O000 NN WGP

e & 2 s * = » T R )
N W T -0 \D oumomounono

gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm,/dl.=
gm,/dl.=
gm./dl.=

gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=
gm./dl.=

ml.

L)

5000
4500
4000
3500
3000
2500
2000
1500
1000

900
800
700
600°
500

. 400

300
200
100

mg.$%
mg.%
mg.%
mg.%
mg.%
mg.$%
mg.%
mg.%
mg.%

mng.%
mg.$%
mg.%
mg.%
mng.$
mg.%
mng.%

mg.%, |

mg.%

Creating Microguantities with 100 ml. solutions

1 of 100 mg.% sol. diluted to 7.5 ml.=13.33 mg %
l ml. of 100 mg.% sol. diluted to 5.0 ml.=20.00 mg.%
1 ml. of 100 mg.% sol. diluted to 3.5 ml.=28.57 mg.%
1l ml. of 100 mg.$% sol. diluted to 2.5 ml.=40.00 mg.%
1 ml. of 100 mg.% sol. diluted to 1.5 ml.=66.67 mg.%
The four standard solutions were tested for
absorbancy at the seven wavelengths; 570, 590, 610,

630, 650,

670 and 690.

Y

~ Curve Al graphically displays the results

which have been recorded in Table AlZ2:-

Standard Curve Al, presents a diagramatic comparison

between the optical density measurements for the four



Optical Density Readings

Standard Curve Al: Ootical (ensftv Versus H:lvelength
For Soectrophotometric Analyses of Albuminuria

4
P

Legend:
A+0.013 g./ql.

) ! C~0.067 9./d).
0.04 1 i D=0.100 g./dl.

Q.33

0.02

.

0.01

0.00 — -

3= 0e040 g./dl.

115b

570 580 610 630 650 670 650

Wavelengths in Nanometers
t
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. standard-solutions of albumin. at fohr_different
wavelengths. Note that the total assay volume used

in this technique was 2.04 ml. where 2.00 ml.

was dye, and 0.04 ml. was urine sample. The volume of

2.04 ml. was reguired to ensure a one centimeter

volume in the cuvette when being read on a

spectronic '88. The dye to urine ratio of this

assay was 50:1, which was siﬁilar.to the dyé.to urine

ratio for the Bradford Assay, used in the analysis

of the urinary output of total proteins.

Table Al2: Absorption Results for Albumin Standards
Wavelength  Concentrations in grams per deciliter
Nanometers 0.013 0.040  0.067 0.100

570 0.0005 0.0095 0.0125 0.0165
590 0.0010 0.0100 0.0175 0.0225
610 0.0040 0.0125 0.0120 ~0.0280
630 0.0050 0.0150 0.0235 0.0350
650 0.0030 0.0125 0.0200 0.0250
670 0.0010 0.0070 0.0120 0.0175
690 0.0005 0.0020 0.0020 0.0050
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Method Used To Calculate Albumin and Total Protein

-

Collection Procedure;

(1) samples were cbllected in graduated collection jars.
(2) The volumes of the urine samples were recorded
and the jars were placed in a deep freezing
unit (-70 degrees Celcius)..
The volumes of the-samples‘do.not represent the
‘total urinary output in all cases as some of the
the sﬁbjects only provided only partial quantity
of their total output volume. | -
(3) all urine samples were freeze dried in a cannister
\—,pre freeze 9jying unit for ninety-six hours.
(4) The freeze dried urine was then scraped out
of the collection jars. )
. (5) Each sample of scraped urine wés then~weighéd, the
values have been reported in Table 37, in Appendix A.
(6) This weight value was corrected to a weight value per one
hundred milliters of urine output.

~,

Calculations For Urine Analysis

"0.2‘grém samples were-used in all measurements”
Sample A:

0.2 grams of freeze dried urine diluted to 1 ml.
with 0.15 Molar Nacl Buffer (a five fold dilution).

A reconstituted urine sample of 0.04 ml. was used in
each of the urine analytical tests.
The spectrophotometer readings were recorded and

compared ‘to their respective standard curves which referred
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to the amount of albumin, and totalzprotein pér 0.2 gram
these resuits have been presented in Tables A3land Ad,
in Appendix A.

The value from the Standard Curve was then /
multiplied by the original_weight value, and then divided
by (0.2), the final value of this calculation referred

he output 6f either total protein or albumin per 0.2
gram sample of freeze dried urine, Next, the value
vycalculated per 0.2 gram sample of freeze dried urine
,was multiplied by (100), and then divided by the 6rigina1

wet sample size (values in Table A8, of Appendix A).

This calculation referred to the concentration
of either albumin or total protein in a 100 ml. output of urine.

gpﬁple'Caiculation

Dry Weight = a ‘
[] of albumin per 0.2 gram sample = b -
original urinary output =c :

(a x b/ 0.2 x 100 / c) = Value per 100 ml. output

LET; Dry weight = 2.6830
[} of albumin per 0.2 gram sample = 0.059
Original Ur:naﬁz Output = 100 ml, °

(2.6830 x 0.059 / 6.2 x 100 / 100) = 0.79

Therefore 0.79 grams of albumin per 100 ml. of output,
** This calculating procedure was: used for all samples.



Appendix I
ELECTROPHORETIC SEPARATION OF SERUM PROTEINS

"Using the Techniqué of Gelman Chemicals Company-(1980)"
Equipment : '

(Hardware):

1l Gelman Deluxe Electrophoretic Chamber $#51212
1 Electrophoresis power supply

1 Serum Applicator

5 Staining and rinsing trays

(Reagents):

Tris-Barbital Sodium Barbital High Resolution Buffer, pPH
8.8, #51104.

Ponceau S Solution, General Protein Stain, $#51284

Gelman Sepra Clear II, #51283

5% Acetic Acid Solution
(Membranes) : *

Sepraphore I1II, Deluxe size Cellulose Acetate Membranes,
$51003 ‘ ‘ -

Procedure; (usin? concentrated urine samples follow the same
methodology as if using serum samples)

Preparing Reagent Solutions;

Tris-Barbital Sodium Barbital, pH 8.8. This high resolu-
tion buffer is used with the Gelman Deluxe Electrophoretic
chamber. Dissolve one eighteen gram vial of high resolution
buffer in 1200 ml. of distilled water.

General Prbtein Stain, Ponceau S Solution.

0.5% Ponceau S in 7.5% agueous trichloracetic acid. Pur-

chased in 470 ml. volumes, pour 100 ml. into a staining tray
and cover. ' ’

5% Acetic Acid Solution:

Add 50 ml. of glacial acetic acid to 950 ml. of distilled
water. Pour 10ml. of this 5% acetic acid solutlon into each
of three rinse trays and cover.

- 119--
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Gelman Sepra Clear II tm.

40% Aqueous N-Methyl Pyrrolidone solution required to
clear the membrane after the.migrated proteins have been
fixed. Purchased in 470 ml. volumes. Pour 100ml. into a
staining tray and cover. -

.Procedure to Separate Proteins:

Pour 100ml. of high resolution Barbital Buffer into a
staining tray. Using forceps to avoid fingerprints mark one
end of the cellulose acetate strip, then place the membra-
nous strip on the surface of the buffer in the tray. Allow
the membranous support medium to become completely saturated

(this may,be left overnight, but requires a minimum time of
thirty n¥futes).

Fill each side of the electrophoretic chamber with 450
ml. of the high resolution Barbital Buffer. Remove membrane
from the soaking tray and place on the absorbant pad, do not
" blot. After a few minutes, blot the Sepraphore IIl strip

with a second absorbant pad. Place membrane in electropho-
retic chamber. B

Using a "serum applicator™, make one application of 1.6
ul. of the sample to the membranous support medium. Hook up
power supply to electrophoretic chamber, and adjust the
voltage to 350 Volts. Electrophorese for 30 minutes (1-3
milliamps per second). : ’

Procedure -to Stain Miqrated Proteins

When the thirty mifute time 1limit has expired, turn off
power supply to elect horetic chamber immediately. Remove
membbrane and float .it 6m the Ponceau S solution in staining

tray. When the strip is completely wet, submerge it in the
stain for at least ten minutes.

Procedure to Rinse and Decolourize

Remove cellulose acetate .membrane from the stain with
forceps and place in the tray containing 100 ml. of 5% acet-
ic acid solution, agitate tray to remove excess stain.
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Transfer strip to second and third tray "~and continue to
rinse until a white background is obtained.  This process

should take at least ten minwtes.

Procedure to Clear Support Medium

+ With forceps remove strip from rinse tray and immerse in .
a tray containing 100 ml. of Sepra Clear I1. Allow to clear
for at least five minutes. Remove strip from clearing solu-
tion and place strip lengthwise on a glass slide. Pull a
second glass slide across the membrane at a 45 degree angle
to remove excess fluid and bubbles. Place slide in a 80-90
degree oven for approximately 20 minutes, this should pro-
duce a completely transparent background.

*** To guantitatively evaluate the protein migration use a
densitometer at 525 nm.

‘J



gbpendix J
INFORMED CONSENT LETTER

I , understand that the pur-
pose of this research project was to investigate the effects
of exercising continuously and intermittently on the amount
of protein found in my urine. ‘

1 also understand that the term intermittent work applies
to this research project as; cycling on a bicycle ergometer,
at a constant speed for sixteen two minute trials, each tri-
al being separated by a twg minute rest. As well I -under-
stand that the term continuous work will apply in this study-
to, the act of riding a bicycle ergometer cantinuously for
forty-two minutes at a workload which will range between
75%-80%, of my previously determiped VO2 maximum.

I have agreed'to perform a preliminary maximum oxygen
consumption test,” the results of which will be used to de-
termine my. work rate . for.the continuous and intermittent
work tests. This preliminary V02 maximum test will be per-
formed on a convenient day prior to the experimental test
‘day, and will:follow the.protocol of riding a bicycle ergom-
eter against progressively more difficult workloads.’

With respect to the experimental test ‘days, I agree to
provide the researcher with—three seperate blood samples
taken from a vein in my arm by a qualified laboratory tech-
nician, as well as three seperate urine samples which I will
void voluntarily under the specified time schedule of, one
of each samples prior to exercise, immediately after.exer-
cise, and one hour after exercise,.

[ 4
\\

Finally I agree that I will be asked to perform to the
best level of -my ability, and that 1 may experience some un-
comfortable feelings such as dizziness, naysea, and possibly
cramps. Yet 1 fully realize that 1 reserve the right to
discontinue my services as a subject at any time during this
entire research project. As well 1 understand that the re-
sults of my performances will remain in the strictest confi-
dence between the researcher and myself. '
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Appendix K
GLOSSARY OF TERMS AND DEFINITIONS

Anionic: a molecule which displays negative electrical
charge characteristics, ie dissociated carboxylic acids.

Blood Acidity: normal pH measurements for blood range be-
tween (7.35 to 7.43). Values reported below. the 7.35 level
are referred to as acidic, Were as those values which are
observed above 7.43 are referred to as alkaline. As well,

an upper limit of 7.6 and a lower limit of 7.1 has been sug-
gested.

-

Bowman's Capsule: the cellular tunic like structure which
encases the glomerular capillary bed of each nephron. -

Bowman s Space. the inner compartmental area of the Bow-
man's Capsule. The Bowman's Space 15 a low-pressure area,
which creates a diffussion gradient, promotig the movement
of fluid across the glomerular capillary wall into the Bow-
man's Space.

Cationic: a molecule whith displays positive electrical
charge characteristics, the opposite of an anionically na-
tured molecule, ie: -sodium.

Fenestrae: are the spaces which separate the endothelial
cells of the glomerular capillary 1lumen. These spaces are
approximately 70.0 nanometers wide, which is relatively
large as compared to the“molecular radius of the plasma pro-
tein albumin (molecular radius 3.6 nanometers).

Glomerulus: refers to the renal afferent-efferent arteriole
capilliary bed within each nephron. The glomerulus contains

the capillary bed, the Bowman's Capsule, and the Bowman's
Space. ' -

Glomerular Basement Membrane (GBM): the middle layer of the
glomerular capillary wall. This structure is composed of
three distinct layers, the lamina rara interna which lies
adjacent to the endothelium, the central pseudo-collagenous

- 123 - N
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lamina densa, and the outer layer, the lamina rara externa.
The GBM has no fixed pore structures. and holds a very weak
negative charge. &

Glomerular Capillary Wall (GCW): the tri-layer filtration
structure of the glomerular capillary bed, - The GCW is com-
posed of an endothelium, which lines the inner capillary lu-
men, an elastic-like, pseudo collagenous basement membrape,
and a layer of epithelial podocyte cells, which protrude
outward into the Bowman's Space.

Glomerular Filtrate (GF): is the fluid which has passed
through the GCW and c_Tlected in the Bowman's Space of the
Glomerulus. The GF is normally free of macromolecular sub-
stances such as hemoglobin or the plasma proteins.

Glomerular Filtration Rate (GFR): is a measure of the
amount ot filtrate which crosses the GCW per minute. The
value has been determined in most species through tests with
the low molecular weight substance Inulin, molecular weight
5200 daltons. In man the GFR is 130 ml/min. (based on two
normal kidneys). In dogs the GFR value is approximately 43

ml/min. while in rats the GFR has been observed at approx1-
mately 2.0 ml/min.

Glycoproteins: are low molecular weight amino gcid-carboh-
ydrate structures. The glycoprotein which is most important
to this study is, N-acetylneuraminic Acid (Sialic Acid),
which has been located within both the endothelial and ep-
ithelial linings of the GCW.

Macromolecules: are substances which have a moelecular
welght of greater than sixty thousand Daltons, and a molecu-,
lar radius of 3.5 nanometers or larger, albumin (molecular
weight 66,000 Daltons, molecular radius 3.6 nm.), 1is a con-
sidered to be one of the smaller macromolecules.

N-acetylneuraminic Acid (Sialic Acid): this is a glycopro-
tein which has been primarily located as the foundation of a
larger polysaccharides or proteoglycan structures. Sialic
Acids are formed from N-acetyl mannosamine and pyruvic acid.
The carboxylic acid terminal of the pyruvic acid component

leads to the net negative charge of the Sialic Acid mol-
ecule.,
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Nephrons: are the functioning units of the renal filtration
process. . The primary.features of the nephrons include the,
glomerular capillary encased in the Bowman's Capsule, the
proximal and distal tubule system, the periglomerular capil-
_laries, and the vasa recta. Each of the over 1.3 million

nephrons in each kidney is supplied blood through an affe-
rent arteriole. :

Permselectivity: theé discriminative passive process which
allows the movement of specific molecules across the capil-
lary walls, In the glomerular capillary, this process is

enhanced by the criteria of molecular charge and moletular
size. .

Renal Blood Flow (RBF): refers to the amount of blood which
is tiltered by the kidney, not to be confused with the rela-
tively small amount”blood supply which perfuses the outer
layer of the kidney. The rate of renal blood, which is re-
ported as a ml./min. value, is 500 ml./min.,.or approximate-
ly ten per cent of the cardiac output. Although it has been
suggested that renal blood flow may be influenced by changes
‘in normal cardiac output, the rate of renal blood flow is
held nearly constant. ‘ .

Serum Albumin: this macromolecular, plasma.protein, made up
of five hundred and eighty five amino acid residues, func-
tions as a free fatty acid transport molecule. serum albu-
min, which is the same as urine albumin, has an approximate
weight of 66,000 Daltons, and a molecular radius of 3.6 na-
nometers. albumin has been referred to as a polyanion in
solution with its relatively low iso-electric point of 4.9.






