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CHAPTER I
THE PROBLEM

Introdﬁttion

Growing awareness of physical conditioning and. its role in health

and disease has rekindled interest in the use of exercise as a tool in

»

the treatment of diabetes. While regular activity has long been

» . .
encouraged among diabetics, the ratjonale underlying this

recommendation has only come t

fght in more recent years.
Bhys{cal'activity has mpny facets (i.é. intensity, duration, for-
mat...) and as a result, thene are varied physiological responses.
.Generally -exercise enhances energy deé nds, fuel requirements rise, and
neuroendocrine processes trigger the adaptéxions reﬁuired to maintain
overall metabolic homeostasis. Insulin plays a crigjcal role in this

arm—n

regard, for it must balance the conseguences of the counter-regulatory
or "diabetogenic" hormones.’ In both healthy and diabetic }ndividuals
an appropriate concentration of insulin must be present in order to
regulate the fug1 fluxes (i.e. hepatic glycogenolysis, g]uconeogeﬁgis,
and 1ipolysis) and to facilitate musgcle ﬁptake of blood glucose. Thus
it i§ not surpri%iﬁé that insulin availability aﬁd diabetes control are
important determinants of the metabolic outcome of acute exercise in
insulin-dependent subjects (Koivisto and Sherwin, 1979).

It is now established that blood-glucose concentrations in well-
controlled insulin-dependent diabetics fall during exercise, and that
pﬁysica1'activity diminishes insuiin requirements and improves glucose

tolerance {Pedersen et al., 1980; Vranic apd Berger, 1979).

-
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These effects have been attributed primarily to an increased uptake of
" glucose by peripheral tissue (Vranic and Berger, 1979}, but the -
cellular mechanisms are ﬁot entirely understood.

Recent advances in the techniques of radioreceptor assays have
permitted the study of the insulin }eceptor on both target (muscle,
liver, and adipose) and non-target (1ymphocyte, monocyte, and
erythrocyte) tissuég. Although the receptor for insulin has yet to be
fully characterized, it does seem that both target and non-target
tissue receptors have many properties in common (Kappy et al., 1979).
As a result, much of the human research undertaken has investigated
1251 insulin %ﬁnding to monocytes or erythrocytes in the hope of
‘estab1ishing some relationship between insulin binding gnd sensitivity.
Indeed, in several clinjcal experiments, changes in cellular biading of
insulin have corretated with alterations in‘insu1in sensitivity and
alucose tolerance {Harrison et al., 1976; 0lefsky and Reaven, 1977;
Defronzo et al., 1978; Beck-Nielsen ‘and Pederson, 1978b}. Furthermore,
Qata obtained from healthy subjects {Soman et al., 1978; Koivisto et
al., 1979; po1ycnrpnako§<$§ .,.1982), and insulin-dependent diabetics
(IDD) (Iwasaki et al., 1982; Pederson et al., i980) suggest that
binding to monocytes and/or erythrocytes is altered by acute exercise.
Although Michel et al. {1984) have %ecently'examined the role of
exercise intensity in the modulation of insulin binding in healthy
males, the response of diabetics still warrants investigation (Iwasaki
et al., 1982). 1In addition, the duration of the post-exercise ’
consequences has not been systematically studied in IDD.  Soman et al.
(1978) reported that insulin binding in healthy individuals returned to

C



. baseline levels by 24 hours.post-exercise, but interim values were not
available. Detraining effects on binding in athletes have been
observed between 12 and‘60 hours post-exercise by Polychronakos et al.
{1982). Although Caron et al. (1981) did'exgmine the post-exercise
fall in g]ykemia in IDD, they did not study the potentié]
insu1in;binding changes. Thus littie ‘is known of the'bOSt-exergise
insutin-binding responses ‘in IDD. _

While if is génequiy agreed that the intensity and duration of
physical exertion éhoﬁidfge_aqjq;ted to the overall health of the
diabetic, more precise r€¢omménd?t10ns must await new developments in

.our ﬂndergtanding of exercise and diabetes. In particular, there is a
need among 10D fof a a more systematic'cpmparison of exercise intensity
effects, a more physiological approach to studying exercise, an
investigation into the dufation of the post-exercise consequences and

additional research into the exercise-related changes at thé level of

- -—

M.
the insulin receptor. '

Purpose -

Based on the above mentioned needs, the aim of the present study
is to ekamine and compare the effects of varying exercise intensity on
the post—exerclse jnsulin-binding and blood glucose responses in
untrained male insulin-dependent diabetics. Ultimately, it is hoped
that the knowledge gained may be used to provide more practical

exercise guideiines for the active diabetic.



Statement of the P;oblem
The primary research question posed in this project is whether the
insulin-binding respbnses of controlled insulin-dependent diabetics are
different under resting conditions from those resﬁonses attained eight
hours following exercise of either low or high intensity. An
additional sub-problem is'whether inggf?n binding to the entire
population of erythrocytes is different from the binding to the

youngest (least dense) fraction of these cells.

Hypotheses
It is hypothesized that the insulin-binding responses measured
eight hours éfter the low and high intensity exercise protocols will
differ significantly from that response obéerved under the resting
condition. It is also hypothesized that the youngest fraction of
erythrocytes will demonstrate greater insulin b%nding than the total

erythrocyte population.

Scope of-the Study
This study has been delimited in the following aspects. Subjects

were eight untrained young adult male insulin-dependent diabetics. The
low intensity exercise protocol consisted of one hour of continuous
bicycling at an intensity corresponding to 45% of the pre&icted max imum
Oxygen consumption { mV¥02). The high intensity workload involved a
total of one hour of intermittent two minute york/rest fnterva1s of
cycling at an intensity representing 75% mv0p, Erythfocytes were .
used to monitor the lZ5I-1hSu11n-binding responses following

physical exertion.



Limipafions of the Study
The limitations of this study ipc]ude the following. Control over

subject adherence to the fixed diet, insulin and activity pattern was
restricted. A submaximal bicycle test was used to predict mv0s,
which in turn determined the appropriate workloads. Based on
preliminary trials and theoretical considerations (Maehlum et al.,

1977; Hermansen, 1980; Soman et al., 1978; Caron et al., 1981) a single
.eight hour post-exercise sample was selected to examine. insulin binding
following physical activity. Invasive procedures to establish glucese
turnover were not employed, hence in vivo insulin sensitivity could not

be directly assessed in this study.



Abbreviations Used”

The following abbreviations have been used in the text and tables:

AA

BG
BSA
CAMP
CGMP
FFA

F fraction
GES
GH
HbAq
Hme t
Ht
1BW
1DD
KB
mVGz
NAD(H)

NIDD

NSB

PG

SB

SD

U fraction
Wt

Amino acids

Blood glucose

Bovine serum albumin

Cyclic adenosine monophosphate
Cyclic guanosine monophosphate

Free fatty acids

Fractionated (youngest) erythrocytes
Glucose e]ectro]yté solution

Growth hormone

Glycosylated hemoglobin A
Hematecrit

_Height

Ideal body weight

Insulin-dependent diabetes (dvabetics)

Ketone bodies

Maximum oxygen consumption

Nicotinamide adenine dinucleotide, oxidized form,
{reduced form)

Non-insulin-dependent diabetes {diabetics)

Non-specific binding

Plasma glucose

Specific binding

Standard deviation

Unfractionated erythrocytes

Weight

.



CHAPTER 11
REVIEW OF LITERATURE
Introduction

A\

ed a parallel interest in the field of exercise and diabetes. Yet,

The popularity of physical fitness in today's society has generat-

despite ongoing research in this area, much remains to'be clarified.

It is the purpose. of fhis review to examine some of the effects of_.
‘exerciSe upon insulin-dependent diabetes.

Diabetes )

-Diabetes‘mé11itus‘is a diseaseTinvo1ving at least one to two
pekéent of the worild population (Luft, 1977). In Canada‘there are
approximately 500,000 diagnosed diabetics (Becton Dickinson Canada,
1977).

D%abetes mellitus {or simply diabetes as it will be referred to
here) is characterized by deficient insulin activity and hyperglycemia.
It does not aﬁpear to be a single disease for both the heredity pat-
tern and the clinical manifestations are diverse. Consequently, diab-
etics are usually classified as one of tﬁo types. For those who are
insulin-dependent, ketosis-prone and have an eariy age of onset, the
etiology appears %o involve a gene-virus interaction causing an autoim-
mune response which destroys the beta celi (Cahill and McDevitt, 1981).
Thu§ the ability to produce sufficient iqsu]in is lost. This describes

the more severe form of the disease and is called type I, juvenile-on-

set, or insulin-dependent diabetes (IDD). The second category includes



diabétics who are non-insul in-dependent, are often obese, and are
usually affected later in life (Cahill and McDevitt, 1981). Prema%uqﬁgﬁ-
senescence of ‘the beta cell or a]te}ed sensitivity of certain tissues

to 1nsu}1n are considered possible cahses. This form of the disease
affects roughly 80% of all diabetics (Roth, 1981) and is referred to as
type II, obesity- or maturity-onset, or pon:insulin-dependent diabetes
(NIDD).

Current Therapy

At present there is no cure for diabetes. However, treatment com-

- prises diet, insulin (or perhaps oral‘ﬁedicatién for NIDD), and exer-
cise. The aim of therapy is to establish a balamce of energy
availability and expenditure. Metabolic control is usually assessed by
the Tevels of glucose (BG) and ketone bodies (KB) in the hlood.
Ideally, diabetics $hould strive to maintain normal values (3.6-6.1mM
and 707250 uM respectively) (McGilvery, 1979; Hultman, 1974), a]though
in practice this is often extremely difficult. The percentage of
glycosylated hemoglobin A {HbA;) i#” also used to evaluate overall
diabetes control, for this measure reflects the average BG
concentration during the preceding four to six weeks. Normal values
for'hea1thy adults fall between .055 - .085 g/1, whereas those of
uncontrolled diabetics are in the .120 - .200 g/1 range (Koenig et al.,
1976). '

Tge significance of achieving metabolic control is best understood
by considerjng the results of inadequate regulation. Adverse reactions
- may include — loss of energy and. strength, fluctuations in weight,

hypoglycemia, hyperglycemia, dehydration, ketoacidosis, coma and
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ultimately death. lg}fhough absolute proof is lacking, it is generally

accepted that “pﬁﬁ;“ control promotes ear]igr development of the more )
chronic cpmplications associated with diabetes — retinopathy,
nephropathy, cardiovascular disease, and autonomic neuropathy

(Kefalides, 1977). - Clearly, the degree of control attained influences
the quality of 1ife experienced by the diabetic. For this reason an
"understanding of diét, insulin, exercise,. and their re]atiqnships to
each other is extremely important. '

While acknowledging that all three of these aspects are essential
in the treatment of IDD, this review will focus on the role of exercise
and its relationship wi?h insulin-receptory adaptation. Exercise is
reviewed first, followed by an overviewof insulin and;insu]iﬁ
receptors. Studies are then presented which specifically relate
exercisé to insulin-receptor adaptations. The review js concluded by a
brief survey;é? the guidelines presently recommended for the physically

active diabetic.

Exercise

Although physical exercise has been considered beneficial in the.
treatment of diabetes for many jears, diet and insulin have, until re-
cently, received the greatest attention (Skyler, 1979). This is now
changing for exercise not only promotes general health (improved cardf
iovascular fitness, flexibility, muscular strength and endurance...),
but it specifically benefits the NIDD by favouring weight loss and in-
creased insulin sensitivity, and the'IDD, by lowering BG and-iq;u1in

requirements (Koivisto and Sherwin, 1979). while evidence to support
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these and otheraﬁggg;its of exercise for diabetics iﬁ growing, research
specific to the hormonal and metabolic consequénces of different forms
of exercise, including appropriate controls;, is still scanty (¥ranic
and Berggr, 1979). The‘following review will summarize those studies
of most relevance to this aspect of exercise and diabetes.

Before discussingfexercise, it is necessary to distinquish between
acute exertion and phy;ical training. Acute exércise refers to short-
term or 1§01ated bouts of activity, whereas physical training.implies
regular activity of a long-term or chronic nature. Although this re;
view is primarily concerned wjth acute exercise effects, reference to
"~ training studies will be made where appropriate.

Fuel Requirements of Acute Exercise ™,

With the onset of acute exercise the metabolism of the active
skeletal muscle becomes significant, for the energy demand of this
tissue increases dramatically. In fact, muscle fuel consumption can
rise seven to forty times the resting rate (Felig and Wahren, 1979).
Since the glycogen and lipid stores of muscle are limited, these
demands must be met by jncreased fuel supplies in the biood.

In non-diabetics the general fuel utilization sequence is as fol-
Tows. During the initial two to three minutes of activity, muscle
glycogen serves as the substrate. Then, g]u&ose re]eased from the
Tiver is taken up by the muscle and metabolized either anaerobically
(producing lactate), or aerobically. After roughly 10 minutes, glucose
uptake by muscie will have increased 15 times above basal, and by 60
minutes it will have increased 25-fold (Hagenfeldt, 1979). As the

exercise continues there is greater reliance upon FFA liberated from
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adipose tissue, such that af¥er two ho:zi of moderate activity this

becomes the major energy-yielding subs ate (Vranic and Berger, 1979).

Free fatty acids contribute more at the 1ower work‘idtensities_(Vranig
and Berger, 1979). Ppst-exercise ketggis may'deve10p where there is a
non-equilibrium situaEiOn between FFA release and energy demand. As
“for the reliance upon KB and AA during exercise, both of these
potential fuels p1ay'on]y minor roles, except perhaps under extrene
conditions {Vranic and Berger, 1979). Hence BG and FFA are the major
blood-borne fuels in healthy individuails.

With training there is a tende:sg;,for normal subjects to rely more
upon fat th_anéarbohydrate during mild to méderate, or endurance-type
activities (Astrand and Rodahl, 1977). Since FFA are metabdiized in
proportion to their blood concentration, this shift may be partially
related to the reduced lactate levels characteristic of trained
individuals (Astrand and Rodahl, 1977). Furthermore, it has been
suggested ghat the trained may metabolize FFA ﬁore efficiently (Rennie
et al., 1974), as they have higher glycerol and lower FFA levels
fo]iowing aCUtg’exertion then dd the untrained (Krebs et al:, 1971).
Changes in mitrochondrial enzyme profiles in musc]e and reduced
diffusion distances between capillaries and muscie cells in Phe trained
support this poEsibility (Astrand and Rodahl, 1977). Finally,
post-exercise ketosis-is markedly deé}eased in the physically trained
when compared to sedentary individuals subjected to the same relative
workloads (Reﬁ;ie et al., 1974). .

In controlled diabetics (i.e. non-ketotic) the utilization of BG 7

and FFA during moderate exercise is similar to that seen in the
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non-diabetics (Wahren et al., 1978). .In contrast, insulin-deficient
ketotic diabetics depend sig&?ficant]y more ngn FFA and KB {Wahren et
al.,.1978). This difference 1i@e1y reflects the insulin-deficient
state in which FFA are readily mobilized thus increasing plasma levels,
and so favouring KB formation and FFA and KB oxidatjon. Also, the lack
of insulin prevents the norhai uptake and metabolism of BG.
Interesting]y,quhren et é].'(lQZB), as well as Hagenfeldt (3979), have
observed that both controlled and uncontrolled diabetics use ﬁ?vas a
fuel during exercise, whereas non-diabetic subjects do not. The reason
for this is presently uﬁknéwn, but perhaps different enzyme profiles
are involved,

Unfortunately, little %nformation is available regarding fuel pre-
ferences during acute activity in trained versus untrained IDD.

However, one study has examined FFA oxidation at rest in the muscle of
IDD prior td and following a 10 week running program (Costill et al.,

" 1979). The results aemonstrated a 41% increase in FFA oxidation in the
trained state -- similar to the findings of a non;di;BEE;c control '
groub. Thus training may produce parallel adaptations in fuel
preference in_nOn—diabetics and diabetics alike.

In summary, acute exercise significantly increases energy dema%ds
and fuel requiéements, thereby aTteriﬁg the metabolic status of the
active individual. To accomplish the required balance between'energy
consumption and fuel supply, both the neural and horthonal systems are
called upon. Nervous imput not only controls muscular contraction

through the somatic system, but it is also responsible for the “sympa-

thetic drive"”. Stimulation of the sympathetic component of the autono-
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mic nervous system faci]itate;;the adapt&t+vﬁ'to exercise stress by
increasing heart rate, stroke volume, vasodilation of blood vessels to
skeletal and cardiac muscle, bronchial_dilation and secretion of the
catecholamines (Rothe, 1976). This stress adaptation phenomenon fis
somewhat generalized. Hence the secoad control system, tha-hormonal,
serves to “fine tune" the ba]ance'between metabolic demand and supply
by responding to acute éiertion in a very prebise manner. -As it will
be pointed out in the discuss{on on insulin, this can be accomplished
either by variations in hormona] concentrations or by adaptations at

N\

the receptor level,
Genera] Hormonal and Metabolic fonsequences of Acute Exercise
J

In order to appreciate the impact and role of physical activity in
the diabetic, it is important to consider briefly what occurs in the
healthy individual.

In non-diabetic subjects the majBr hormonal glterations seen with
the onset of exercisg Are decreaéed insulin secretion and increased
levels of norepinephrine, epinephrine, growth hormone (GH), glucagon,
and cortiso] - the' Tatter fwo‘particu1ar}& during prolonged exercise
(Skyler, 1979). In cdntrast with fhe "anabolic" nature of insulin, the
last five hormones listed are considered "diabetogenic".

Norepineph}ine enhances 1ip01ysis and FFA mobilization (Skyler, 1979).
Ebinephriné stimulates muscle glycogenolysis and hepatic -
gluconeogensis, while a]so.iﬁhibiting insulin release and stimulating
glutagon secretion (Skyler, 1979). | Growth hormone reduces 86 uptake,
and utilization, increases FFA retease and oxidation,.and promotes AA

uptake and protein synthesis, while reducjng protein breakdown (Guyton,

o
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1976). Glucagon increases glycoynolysis and g]uconéogensis, as well
as promoting ketogensis when insulin is simuTtaneously decreased
(McGarry and Foster, 1976). Finally, cortisol enhances FFA
mobilization, KB production, AA mobilization, and gluconeogenesis, but
reduces glucose utilization (McGilvery, 1979). Although each of these
hormones has specific influences on fuel provision, the final outcome
reflects theiF/interacqion. Thus while glucagon causes a modest rise
in BG and epinephrine exerts a somewhat greater hyperglycemic effect,
an increase ip-both produces an additive though transient rise in BG
(Felig et al., 1979). Sustained glucose overproduction occurs when
cortisol is added (Fé]ig‘et a].{ 1979), or when insulin is lowered
sufficiently (Vranic and Berger, 1979).

In the physically trained the hormonal response is similar to that
outlined ébove, with'a few important -exceptions. Notably, the fall in
insulin associated with_exercise is blunted, and basal and
' glucosé-stimu]ated 1n5ui{n levels are markedly decreased (Vranic and
Berger, 1979; Skler, 1979). Trained subjects demonstrate lower '
norepinephrine (Christensen et al., 1979) and glucagon levels {Astrand
and Rodahl, 1977) in response to acute exercise as well.

\“In general, decreased insulin along with increased levels of the
“diabetogenic" hormones facilitate the provision of adequate
blood-borne fuels (BG, FFA) to the active tissues. The precision of
this process in healthy subjects has been demonstrated by Klachko et
al. (1972). In their study BG values were followed during mild (4‘mph,

2%* slope) and moderate (4 mph, 5° slope) bouts of treadmill walking.

Ouring the exercise the BG levels varied minimally (dropping only .3
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and .6 mM respectively). With the recovery period, {60 minutes
post-exercise), BG values had returngd to or slightly exceeded the
resting values. Thus it would appear the more intense activity had thé
greater effect on metabolic homeostasis, although in both situations
the BG values were held fairly constant. Hagan et al. (1979} have also
confirmed these findings. Their work showed BG values which did not
change during 1?§ht (35% maximum oxygen consumption (mv02), 60

minutes) or moderate (55% mV0z, 60 minutes) treadmill exerciseiﬁppnly
with incremental maximal treadmill w;;k1oads did BG rise'(by 1.6 mM}.

Besides one's state of fitness and the 1ntensity_of the activity,
it is worth noting that pre-nutritional status also influences the
-metabolic outcome of acute exercise. For example, healthy individu;1s
on a carbohydrate-ri&h diet will depend more upon this fuel source due
to higher insulin 1eve1s 1nh1b1g§t11 o1ys1s, lower FFA
concentrations, and so reduc€d FFA ox1dat1on (Astrand and Rodahl,

1977}.

A final aspect to be consi&ered here and iater with respect to
diabetics, is the impact of physical activitx on glycogen depletion and
resynthesis in liver:and muscile. Mhehlum et al. (1977) found that
following bicycle exercise at 70% mVO; ti11 exhaustion, the glycogen
repletion rate was greatest durTngfthe first four hours of-recovery.'
This was paralleled by significantly e]eva;ed activity of the I
(active) form of glycogen synthetase. By 12 hours of recovery,
approximately 83% of the pre-exercige glycogen values had been
attained. More recently Calles et al. {1983) have shown that, short

bouts of acute activityri;l minutes at greater than 85% mv02)
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produced increased glucose disappearance in healthy subjects 30 minutes
po§t-exercise, even though glycogen depletion did not occur; Thus BG
is not only taken up rapidly by muscle during exercise, but during the
recovery hhase as well.

In concluding this. section on the general consequences of acute
-

. . . PeTrPR .
exercise, insulin is seen to have g’significant role. An appropriate

insulin response permits both mobilization of fuels from liver and

e

adipo%?—%iéggg,and uptake of BG by muscle. Diabetics who lack this
fine hormonal regulation, frequently experience metabolic consequences

seldom encountered by the non-diabetic.

Hormonal and Metabolic Consequences of Acute Exercise In the Diabetic

As in non-diabetics the outcome of acute activity depends upon the
extent of training, the duration and intensity of the exercise and the
pre-nutritional 'state. For the diabetic, the degreg;of metabol ic
control agﬁLinsu]in availability (i.e. type of insulin, site of -
injection, %ime of injection...) also become vital factors.

Klachko et al. (1972) s;tméed the BG valles in normal and 10D
subjects, (receiving insulin an ‘fp]]bwing a prescribed dieﬁ), over a
24 - 30 hour period. Ddring*f?is ijme the subjects participated in
exercise bouts of mild (4 mph, 2%° sTope) and hoderate (4 mph, 5°
slope} treadmill walking. As noted earlier, BG dropped minigally in
the controls (.3 and .6 mM respectively), but fell by 1.3 and 1.7 mM in
the diabetics. Both groups showed a correlation between the maénitude'
of the BG drop and the initial BG concéntration. Following the
exercise, the BG pattern of the IﬁD}returned to the™pre-exercise

stopes, but at new lower levels. Thus it seems that exercise of
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moderate intensity produces a greater hypoglycemic effect than mild
work in controlled diabetics. “

Pruett and Maehlum {1972) also examined the influence of exercise
intensity in IDD, but En this study the subjects were in a
post-absorptive state and had not recéived their insulin. The subjects

,—\_,ﬂbicyc]ed at 20, 50, 70 and 90% mV02 for three hour‘s or until

exhaustion. The results showed variable effects on BG at 20% mv0p.

significantly decreased BG and signs of hypoglycemia at 50 and 70% & '
¢

mv02; and elevated BG at 90% m¥02. In this‘study the degree of
metabolic control was not speciffed and the amount of residual insulin
left from the last injection may have been quite variﬁble. Thus at 50
and 70% mV02 the residual insulin may have been just sufficient to
control hepatic giucose production, wh%]e‘at the same time permitting
muscle uptake. At 90% mV0p greater stimulation of the "diabétogenich-
hormones may have occurred —1iberating more BG and FFA. Since FFA
oxidation inhibits g]ycolysis and since low or negligible amounts of
insulin were present, it is not surprising the net effect would be a ‘
rise in BG. s
r _ -
Maehlur and Pruett (1972) added to this latter study by examining
the gluco<e disappearance rate in IDD following the three hours of
el cycling q; 20, 50, 70 and 90% mV02. Glucose was infused

intravenously either.ls.or 60 minutes after the cessation of exercise.
It was concluded that moderate to severe exercise (50, 70 and 90%
mY02) enhanced the glucose disappearance rate. This effect persisted -
for at Teast one hour into the post-exercise recovery period and has

been attributed to enhanced glycogen synthesis in liver and muscle

L
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~{Maehlum et al., 1977; Maehlum ét al., 1978; Hérmansen, 1980).-
More recently IDD have been compared on-]ight (35% mv¥0p, 60 min-
utes)., moderate {55% mvOBy 60 minutes) and maximal (incremental)
" treadmill workloads (Hagan et al., 1979). The sugjects had received . -
their.inﬁu]id eight to ten hours priqr to the exercise énd had followed

their‘ﬁormgl\djet.ﬂ Blood glucose fell by 1.6, 3.2 and 7.2 mMLfor'the

light, moderéxe-anq maximal loads respectively. ﬁAs in tthe yofk of
Klachko et al’ (1972), this experiment suggests the-h{ﬁﬁé‘d é.éxercise
intensity, the greater the BG lowering effect in contro1iéa diabetics.

As éeén from these studies, there is only 1imifed'résear;h
explicitly comparing the acute responses of diabetics to exercise of
varying intensity. Moreover, the fécus of these studies has been
restricted to' BG metabolism during or immediately following cessation
of the activity. The following jnvestigations, although not
specifically designed to compare exercise jntensify, do provide some
additional insight into the consequences of nﬁ1d, mo&erate and
strenuou§ bouts of activity.

Berger et a]l (1976) examined the impact of mild endurance
exercise in two groups of IDD and a control group. In the first
diabetic group adequ&ie control was maintained by providing the last
Tong-acting insﬁ]in injection 12 hours prior to the exercise.. In the
second group insulin was withdrawn for 18 - 48 hours and rises in BG,
FFA, KB and branched-chain AA were evidént. The results showed a
decline in BG in the first group, but a rise in the second — these
changes bejng sjgnificanf]y correlated with the initial BG, FFA and KB
Tevels. (Above 18.3 mM BG, 105 mM FFA, and 1.7 mM KB the bicycling was



associated with an increase in BG, whereas below these . limits BGAfefl
with exercise.) Though both diabetic groups demonstrgted:a rise in K8
and glucagon, these iﬁcreases were gfeater in the insulin-deficient
group. - Therefore it was concluded that in insulin-deficient states,
exercise has adverse metabolic effecfs‘upon IDD. Similar results were
obtained by Berger et al. (1977) when they re-examinéd Ehe effects of

prolonged mild exercise in relation to metabolic control in IDD. A

* moderately-controlled (MC) diabetic group received two-thirds their

normal insulin dose 16 hours before . exercising, while the ketotic
diabetics (KD} had their insulin wjthdrawn 18 - 48 hours prior to the
test. A healthy control group was also included. Bicycling was
performed after an overnfght fast and lasted three hours at a load
requiring 30 - 40% mV0p. The resu)ts revealed a decreased BG after

30 and 60 minutes in the MC and control gfoups re§bective]}, but a
significént rise in the KD groﬁp during the first 90 minutés. This
datum, Jike that presented above, demonstrates a rise in BG with
exercise.when initial BG is high (exceeding 18 mM) and a fall when
there is adequate BG control. Glycerol and FFA rose in all groups, but
most notably in the KD group. KB rose gradually in the control and MC
groups, reaching significént Tevels only after 150 minutés, whereas the
KD group demonstrated a rapid initial increase. Both diabetic groups
had higher lactate and lattate-to-pyruvate ratios than did the ‘
controls.” [t was concluded that the hypoglycemic effeet of exercise is
dependent on the presence of at least some insulin. The hyperglycemia
seen in the KD group probably developed becéuse of decreased BG uptake

and over-production resulting from a lack of adequate insulin. In the
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final analysis; it:;eéms that éven mild exerciSe can be disadvantageous
to ketotic l;re’lati\.re'l_v,r insulin-deficient" IDd.

Although the preceding studies provide infonnation‘as to the con-
sequences of mde exercise in IDD and they do underline the ‘
significance of adequate metabolic control (BG less thaﬁ 14-17 mM and
the absence of ketosis {Skyler, 1979)), the practical 1mplic;tions for
active diabetics are limited. This is because typical diabetics do not
intentionally withhold their insulin gr_dietary requirements prior to
engaging in physical exgr%?on. One study which has attempted to
overcome this situation and still examine the role of metabolic
control, had IDD cycle at roughly 33% mY0p for 20 minutes, two to
three hours after receiving their insulin and breakfast {Locard et a1.;
1979). Based on:pre-exercise BG values, the diébetics were split into
high (greater than 7.8 mM) and low (less than 5.6 mM) BG groups. Hitﬁ
exercise the high group showed a significant fall in BG during the

cycliing and up_to 60 minutes post-exercise, while the low group showed

A& hon-significant drop. Thus it seems that for diabetics who haﬁé

|3 . .
received their normal insulin dose, yet still have higher than normal

blood sugars, mild exercise has a beneficial hypoglycemic effect. Note

this is in marked contrast to diabetics who are insulin-deficient.

Famborlane et al. (1979) account for this differential response to miTg\.
exertion by an exaggérated secretion of GH and norepinephrine in
uncontrolled diabetes. |

Studies which have investigated the outcome of moderate intensity
exercise in diabetics are as follows. Sestoft et al. (197?) stqdied

insulin-deprived IDD who,bicytiéd 35 minutes at 50% mv0; and found

-
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that giucagon, gluconeogenesis, ketogenesis and lactate-to-pyruvate
levels were all elevated compared to a non-diabetic control group.
0n-the-other—hqnd; Oberdisse, Howerigs and Hebe; (1977) examined IDD’
who had received their normal insulin and dietary requirements and who
then participated in moderatg bicycle exercise (heart rate of 144-150
bpm) for 60 minutes. Blood glucose dropped significantly within 30
minutes, but tended to rise duriﬁg the recovery period in both the IDD
and a non-diabetic control group. The concentration of FFA ;émained
fairly constant in the IDD group, but rose gradually during the
exercise in the control group. Bofh djagetics and controls showed a
small FFA r%se during the first 10 minutes of recovery. Glycerol
" Jevels rose with exerc{se and then feill during the post-exercise period
in both groups, but this pattern was significantly more pronounced
among the control subject;. Lactate levels rose initially in both the
control and diabetic group aqd"then'gradua11y declined in a parallel
Fggzion. Ffﬁa1]y; GH levels rose and peaked at 30 minﬁtes fbr the
diabetics and at 45 minutes for the non-diabetics, with baseline values
returning 30 minutes into fhe.recovery phase. The FFA and glycerol
results imply reduced 1ipolysis among‘the diabetics — perhaps the -
outcome of peripheral hyperinsulinemia. It was conc]uded.that except
for this latter difference, the metabol ic changes induced by moderate
exercise were comparable for healthy subjects and well-controiled
diabetics.

Kemmer et al. (i979) also reviewed the impact of moderate ‘exertion
on IDD and control subjects. As in Fﬁe’]ast study (Oberdisse et al.,

1977), the diabetiﬁs had received their insulin. Both the IDD and the

ey
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control group bicycled intermittently for .half-an-hour at a workioad

»sufficient to maintain a heart rate between 120 - 130 bpm. Comtrary to

the findings of Sestoft's research team (1977), glucagon did not change

, with exercise in either group. However, in this study the exercise
. Fiy

stress was somé;hat less than that\descriped in the work of Sestoft et
al. (1577). In the present study %t was also observed that the KB
¢limbed signiffcantly in the diabetics (by .05 mM in the first 10
minutes) - roughly double that seen in the controls. This may be
explained by the fact that’although insulin was administered to the
diabétics, the control was not ideal (BG va]ﬁes ragged from 3.9 - 15.6
mM). This again underiines the importance of insulin in exercise,
especially that ihyolving'diabetiés.

lnvestigations of strenuous activity in IDD are not nearly as com-
mon as those using mild or moderate workloads due to the' ethical con-
sidera;ions, and the result has been a shi?t towards the use of animal
models. V¥ranic and Kawamori (1979} examined the role of insulin during
75 minutes of strenous treadmill running (iOOm per minute, 10-12°
slope) in intacf, depancreatized insulin-deprived and depancreatized -
insulin-supplied dogs. Glucose turnover was measured bx a tracer
infusion technique. In the depancreatized dogs maintained on
long-acting insulin BG fé11 in proportion to Ipa.pre-exercise plasma
concéntration;. Plasma insulin increased and was greater than that
seen in the intact dogs. This was attributed to rapid mobilization of
the injected "depot" 1nsu1in.'361uco$e production rose minimally in the
injected dogs, yhi]e the metabolic c]gafance of glucose was similar to

that of ‘the intact group. It was concluded that hyperinsulinemia

4
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produces hypoglycemia by inmhibiting hepatic g]ucﬁse production
(gluconeogenesis and glycogenolysis) and not by ststantial]y
1n¢reasi?g’g1ucose uptake. by muscle. Although BG uptake by muscle was
dependent upon the presence of insulin, the rate of BG disposal by this
means was a]reedy near maximal at relatively low .nsulin concentrations
{Yranic and Kawamori, 1979). This effect of insulin mobilization,
hyperinsulinemia and resulting hyperglycemia has also been reported by
Koivisto and Felig (}977; 1978} who conducted studies examining this
same phenomenon in IDD. Using 125I-insulin and external .gamma
counting over the injection sites, it was found that even moderate {75
- 100 watts) intermittent bicjb]ing was capable 6f promoting insulin
mobilization from the active 1imb (i.e. leg) and of producing
ahypog]ycemia.

Summary

In view of these studies it is apparent that few researchers have

xsystematically examined the effects qf varied exercise intensity.

Among those who ha;e (Klachko et al., 1972; Pruett and Maehlum, 1972;
Maehlum and Prueft, 1972, Hqgaﬁ et al., 1979) BG responses suggest that
the mofe intense the exercise the more marked the hypoglycemic effect
among we]f-contro11ed IDD. However, as little attempt to equate the
total energy expenditu}e of the different workloads was made in thesg'
investigations, conclusions regékding the effects of intensity per se
must be made with reserve. It should also be récognized that with few
e;;eptions (K1achko ez a1., 1972; Hagan et a].; 1979; Locard et al.,
1§79; Oberdis;e et al., 1977) most of the experimental protocols were

atypical of the daily regimen followed by active diabetics - making it
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somewhat difficult to assess the practical implications. Despite this,

the imgsb%ance of an appropriate insulin supply certainiy stands out.
_Exercise in an insulin-deficient state encourages uncontrolled ©

catabolism, while the presence of excess insulin inhibits adequate

provision of fuels essential to the active tissues. Inhcontrast,

responses to acute activity in well-controlled diabetics apparently

parallel those of healthy individuals (Oberqisse et al., %977), with

several important differences. These include the fact tﬁaz in IDD BG

fluctuations may be more pronounced, Tactate levels’for similar

relative workloads may be highef (Berger et al., 1977), and KB may be

metabolized as fueleven among those who are well-controlled (Wahren et

al., 1978). Finally, it is evident from the research presented that
wthere exists a definite lack of post-exercise follow up. Only a
mi&ima] amount of data is available regarding how long the hypoglycemic
or the other post-exercise consequences may ]ést, or whether they vary
with exercise inteﬁsity.

In summary, it appears that exercise lowers both BG and insulin
requirements of 100 (Vranic and Berger, 1979). Muscle, in turn, plays
an important role in this process. Recall that BG uptake during and
' following exercise is increased to meet the energy démands (Haganfeldt,
1979; Wahren.et al., 1978; Maehlum et al., 1977), yef only small
quantities of insulin are necessary for this to occur. In fact, in
non-diabetic individuals augmented uptake of BG by muscle persists

despite a drop in insulin (Skyler, 1979)! The mechan ism underlying

this process js currently unknown. With rapid advances now being
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made in insulin-receptor research, it is possible that exercise ma§
prove to be associated with significant }daptations at the level of

this receptor.

Insulin and Insulin Receptors

Characteristics of Insulin

Insulin is composed of two amino acid (AA} chains linked by

disulfide bonds. NormaLT_y, the biologically active form is produced in
the beta cells of the pancreas by pr;gressive moﬁification of a larger
precursory molecule - preproinsulin (McGilvery, 1979). Release of
insuiin into the b]oodstrean_is stimulated primarily by elevated BG or
AA concentrations and is inhibited by the cafecholamines.
The key target tissues of insulin are skeletal musc]e,r}iver and

-fat. The actions exerted ﬁ;én\xhese tissues include -- increased up-
take of glucose (muscie and fat), increased glycogen synthesis (muscle
and liver), decreased gluconeogenesis (1liver) and glycogenolysis
{muscle and liver), increased lipogenesis (fat and liver) decreased
lipolysis (fat and liver) and increased AA uptake and protein synthesis
(muscle) (McGilvery, 1979). It should be noted that the circulating
insulin concentration\required to elicit these responses varies. For
examp]e, peripheral glucose uptake fs maximal at an in5u}1n
concentration of 1,400 pM (the highest physiological concentration in
man), whereas gluconeogensis is suppressed by 700 -‘1,400 pM, and

*
glycogenolysis is inhibited at even lower levels (McGilvery, 1979},

-
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Free fatty acid release is suppréssed by 200 - 550 pM concentrations
and BJhydroxybutyrate‘disposaT requires insulin levels of 350 - 700 pM.
(McGilvery, 1979). (For comparative purposes, McGilvery (1979) states
that non-obese normal individuals have basal insulin levels between 35
- 145 pM). ‘ -

Theories of Insulin Action

Although a considerable amount of information -about ihsulin is
known (i.e. what it is, where it is secreted from and when; whét role
it plays in metabolism ...), the exact mechanism by which it acts is
poorly understood. However, it is genefa11y accepted that jnsu]in
- initially binds to specific receptors on the target cglls and activates
some foﬁm of "effector system" that has yet to be clearly identified
(Porte and Halter, 1981). Unlike most polypeptide hormones, insulin
does not stimulate the adenylate cyclase - cyclic adenosine
monophosphate (cAMP) pathway (Baxter and Funder, 1979; Roth, 1979). In
fact, insulin appears to inhibit cAMP-dependent protein kinase {Walaas
and Horn, 1981). Alternatively, it Has been suggested that the
guanylate cyclase - cyclic guanosing monophosphate {cGMP) system may be
involved, but more data is needed before this hypothesis can beﬁfu11y
evaluated (Baxter and Funder, 1979). Calcium fluctuation or
translocation has also been cons1dered as a potential mediator of the
actlon of insulin, but this too remains to be estab]ished (Baxter and
Funder 1979; Roth, 1979). Though it has been demonstrated that
insulin is rapidly internalized by a process of receptér-ﬁediated
endocytosis {Schlessinger, 1980), there is little to support the igea

p ‘ :

that the degraded insulin fragments play the role of the "second
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messénger" (Terris, 1978).

In summary, insulin may act by inhibiting the cAMP-dependent Kin-
ase, by triggering some other protein kinase, or by modulating calcium
Tevels {McGilvery, 1979). While the "mediator" i£5e1f is unknown, the

proposed "effector-systems" all portray the insulin-receptor

interaction as the initial and basic step in eliciting the eventual

biological response.

Insulin Receptors

Although the concept of hormones and receptors was introduced in
the late nineteenth century, the study of hormones has advanced, while
that of receptors has lagged until fairly recently (K;Bp} et al.,
1979). |

Structurally the insulin receptor is thought to be 4
carbohydrate-containing'integra] membrane protein with a mass in the
range of 105 to 106 daltons (Kappy et al., 1979). Czech and
Massague (198é0 propose that the receptor is a symmetrical
disu]fide-1inked heterotetramer composed of two =X and two B subunits
(with apparent molecular weights of 12%,000 and 90,000 respectively).
In addition, Pilch and Czech (1980) have noted some clustering of
insulin receptors — a phenomenon also observed by others (Catt et al.,
1979). Thngh the bio]bgicé] relevance of this is not known, it has
been demonstrated that feceptors of insulin are mobile (Catt et al.,
1979) — ‘suggesting that aggregation may be of significance to the
action of insulin. Marsha11 (1983) has indicated thét the time

‘

required for de novo insulin-receptor synthesis in fat cells is two to

- three hours, with a half-life of approximate]y 24 hours. Othqrs
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(Pedersen, 1984) have suggeéted that the half-life is closer to eight
hours. |

As previously indicated, for insulin to act it must first bind to
a receptor in a target tissue (i.e. muscle, liver, or fat){Roth, 1979).
The function of the receptor is two-fold: (1) it must recognize the
insulin molecule from all other hormones and molecules impinging'on
that cell and (2) it must inftiate a series of events whi;h result .in a
specific and appropriate cellular response (Roth, 1979). .Rs Roth
(1979} points out "the hormone molecule is totally dependent on the
receptor to express its biological function". This concept has
instigated considerable research in the area of receptors. However, it
is essential fo bear in mind thatiwhile insulin-receptor binding is a
critical step in producing the desired outcome, it is but one step — a
mere starting point for understanding insulin's effects. Thus while
post-receptor regutation is entirely plausible, most research is
presently aimed at examining -the initial binding interaction and what
consequences changes at this level may have upon insulin's eventual
actions. | -

Quantitative Aspects of Insulin Binding

¥

Typica]‘measurements of insulin bindjng are carried out in vitro
using radicactively labelled insulin (i.e. 1251-insulin),
unlabelled insulin and the-insulin receptors of interest. This
radioreceptor technique is analogous to that used'fpr radidimﬁunoassay
with the exception that the receptor serves as the “"binding protein”.
The tissue with the insulin receptors is incubated with the

1251-insulin in the presence of varying concentrations of



29

* unlabelied insulin until equilibrium is reached. At this point the
bound insulin is separated from the free insulin and the radioa;tivity
measured (total binding). That'portjon of radiocactivity remaining 16
the presence of the excess "cold" insulin 15 considered non-specific
and is subtracted from the total binding to yield the specific
binding. ' -

~ When a series of "cold" insulin concentrations are used the
results can be plotted as a competition curve. The abscissa represents
the free insulin concentration wh%]e the ordinate depicts either the
total insulin bound or the 1251-insulin bound. Additional
manipulation of the binding data leads to the Scatchard plo ﬁ
(Scatchard, 1949) which s commonly used to predict recepto:\;;hinity
and nuhber. By plotting the ratio of bound-to-free honmoﬁe as a
function ofrthe concentration of bound honmoné; recepto% affinity can
be derived from the slope, and ﬁecéptor number from the X intercept
(Baxter and Funder, 1979). This model assumes thermodynamic "
equilibrium, identical biological activity of labelled and unlabelled
hormones, a reversible bimolecular reaction between hormone and
receptor and independence of receptortsites (De Meyts et al., 1973).
A]though this form of analysis is used extensively in receptor work
because it tends to linearize the data and“ﬁﬁmp1ify the interpretation;
the typ?ca] Scatchard plot for insulin binding is concave upward rather
than linear (Kappy et al., 1979). This has created several posSib}e
interpretations. One proposal is that there are two or more
independent c1assés of insulin receptors — each with its own affinity

(Kappy et al., 1979). The curvilinear plot would then(fef]ect the sum
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of two or more of these straight 1ines. Alternatively, it has been

suggested that there is a single class of receptors capable of ﬁegatiwe _

cooperativity via site-to-site interactions (De Hayts et al., 1973).

-

This implies that as more insulin receptors become occuﬁied, the
affinity of the remaining binding sites progressively declines,
yielding the typical concave plot. Al though the Scatchard p]ot.for
insuliﬁ binding can be accounted for by either of_the two preceding -
hypotheses, a third option combining these two (i:e. sites with
independent affihitie; and negative c00peractivify between sites), is .
also possib]erh-ﬁﬁfTT:%urther evidence becomes avaiiab]e it is |
difficult to assess which theory best reflects the true situation. For
this reason it seems more appropriate to report insulin-binding data iﬁ

terms'of specific binding and to leave predictions, regarding receptor

v,
affinity and number until a better understénding of the insulin

" receptor. itself is achieved.

Tissues of Interest in Insulin-Binding Research
Having considered the principles of insulin binding and certain

quantitative aspects of assessment and interpretation, it is now

Pstible~f3 consider the tissues to which these techni’qués are applied.

It should be pointed out that receptors may be studied on whole cells
(fresﬁ]y isolated or in cu1ture),'in membrqne—rich’fractions from
broken cells or, in Higth purified preparations of~p]ésma membranes
(Roth, 197§j. Hoﬁever, because the insulin receptor is an integral
component of the ﬁeﬁbrahe and becausé siteﬁ@p-site interactions appear
-to e;ist, research involving intact cells séems to be favoured.

As the target®tissues of insulin are.fat, liver and muscle, it is

Ped
Ay

-

-
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not surprising that these tissues have been used in in;;}in-binding
studies. kappy et al. (1979} emphasize that insulin binding to muscle
is extremely relevant to overall glucose homeostasis in vivo and'that
studies conducted with’this tissue-are of particuiar value: Despite
this,'much of the work in this field has focused on the properties of
animal and human adipocyte receptors {in both crude membrane _
preparations and intact ce11s)(Cautrecasas,‘1971; Kappy et al., 1979).
Briefly, the characteristics of fat cell receptors include —
specfficity of binding as shown by modified insulins competing for
recepzpns in direct proportion ﬁo ?heir biological potencies; binding
that 1; Fapid, reversible, saturable, pH depéndent-(Optimum at
7f8-8.0) and temperature. dependent (steady-statg bindinglgreater at
lower temperatures); binding Jata that is consistent with negative
cooperativity {curvilinear Scatchérd plot); and a demonstrated affinity
of the receptor for insulin (Kappy et al., 1979).-.A1though these
general, brOperties are mentioned with respect to adipoéyte receptors,
they are also shared by insulin receptors in liver (Kappy et al.,
1979) as well as in cardfac (Forgue and Freychet, 1975) and skeletal
muscie (Le Marchand-Brustel et al., 1978; Kappy et al., 1979).

In éontrast to these many similarities, Jarret et al. (1981} have
suggested that fat and liver plasma meﬁbrane receptors differ
morphologically. The adipocyte receptors occur primarily in groups,
whereas those of the 11;;r occur sing]y‘(darret et al., 1981). Also,
Pederson et al. {1981) noted a pH optimum of 7.4 - 7.6 for insulin
binding to intact human fat cells — a value somewhat lower than that

quoted by Kappy et al. (1979). However, overall the characteristics of
N
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insulin receptors in these target tissues appear'fmch the same {Kappy
et al., 1979).
Human receptor research has been 1imited due'\n ethical considera-
“ tions for liver, muscle and even fat biopsies_are not a]way§ readily
available. In the early seventies it was noted that human 1yﬁphocytes
had insulin receptors ;ifh the specificity, sens%tivity and kinetics of
binding verj simi1$+uto those observed in highly purified:plasma
membranes of rat liver ce]fs and isolated rat fat ce11; (Gavin et al.,
1§72; Archer et al., 1973). This important finding led to.the use of
the human Tymphocyte as a model for stullying insulin-receptor
1nteraction§ (01efsky and Reaven, 1974a). More'recent1y.the monocyte
has been proposed as a model for studxiﬁg insulin recepta}s in man
(Beck-Nielsen et a1.,'1977; Be;k;Nielsen and Pedefsen, 1978a). This
resulted from the realization that ébout 90% of the specific iﬁsu]%n
binding in a preparation of mononuclear leucocytes was due to the
monocyte content {Beck-Nielsen et al., 1977). Although monocytes are
not key taréet;tissues for insulin, insulin does stimulate hexase‘
metabolism in these cells (Kappy et al., 1979). More importantly,
human monocytes possess the same binding characteristics as those )
pteviously listed for fat cells (Kappy ef al., 1979). Hence they have
proved to be extreﬁe]y useful for studying human diseases related to
insulin binding (Kappy et al., 1979). Despite the fact that monocytes
42@£LPE obtained safely a;d rapidly, relatively large quantities of
;léod are required (anywhere from 50 - 500 m1)(Kappy et al., 1979;
Gambhir et al., 1977}, thereby 1imitin§ the number of'possib1e samples.

This particular drawback has been overcome by recent work with

Y
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erythrocytes, by far the most abundant cellular component in who1e

blood. ' ' ’

Ear1y work with turkey erythrocytes: revea1ed similar binding

features to those already descr1bed for fat, ljver and muscle (Ginsberg'

et al., 1977). Subsequent investigations with human erythrocytes
confirmed: 't_:hi\s (Ganbhir et al., 1977; Gambhir et al., 1978). Gambhir
et al. (19785 have pfedicted~that there are approximately 2,000 -
insulin-binding sites per celt — somewhat fewpf than the number

L

predicted for monocytes -{7,000-28,000 sites per cell) (Beck-Nielsen et
y 1977, Bar et al., 1976). The specific b1nd1n; to erythrocytes has
beqn assessed as between 7 - '10% in healthy adﬁlts {Gambhir et al.,
1677; Gambhir et al., iniB). Although the &ole of the insulin receptor
in erythrocyte metabd]ism is not yet clear, these binding sites have
much in coﬁndn with the monocyte receptors (Gambhir et al., 1978;
Nachs]fcht-Rodbard et al., 1979{ Pedersen et al., 1980) which, in turn,
are thought to mirror those in the more relevant tissues — fat,»liver
and musc]e (Kappy et al., 1979; Roth and Grunfe]d 1981). ks,a resu]t,
much of thg human research in this field is now directed at the more
accessible red blood ceil. .
Although the present trend in human 1ﬁsu1in receptor research |
deals largely with enytproﬁytes and other circulating cells, this move
away f;om kay target tissue sources has not beep made without serious
thought. Simply because a tissue is more available does not make it a
more suitable candfdate for valid research. Thus yh{le it is true that

: ot
erythrocyte receptors are more accessible, they have also demonstrated

properties akin to those in the target cells (Gambhir et al., 1978).

-

-
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However, this does not exclude the poséibi]ity$pf important tissue
specific d{fferences.and justification of erythrocyte receptor work on
‘this basis alone would be somewhat questionable. Therefore it is
essential to realize that there also exists copsiderable indirect
evidence supporting this research approach.' There‘are,'for examp]e;
many studies showing in vivo insulin sensitivity changes that correlate
with changes in insulin receptors logated on non-target tissues
(Beck-Nielsen and.Pedersen, 1978b; Bar et al., 1976; Roth, 1979;

_ Wachslicht-Rodbard et al., 1979; Polychronakos et al., 1982). Since
non-target tissue receptors (i.e. those on erythrocytes) are not
responsible for in vivo'sensitivity changés, they presumably reflect
changes <0 occurring in fat, liver and/or muscie. As this concept of
insulin sensitivity and receptor adaptat1on is extreme]y 1mportant to
both healthy and diabetic 1nd1v1dua1s this topic is considered in |
detail below.

Insulin Sensitivity

Insulin sensitivity is said to be low when high concentrations of
1nsuuin are requ1red to elicit-a normal response. Conversely, height-
ened sensitivity occurs when the hormone concentrations are diminisﬁed,
but are still able to produce the expectéd outcome. These extremes in
sensitivity appear to be.related to the insulin receptors‘;- in both
normal gnd_disease states. o ’

CGhsidering fjrst_healthy adults, Beck-Nielsen and Pedersen
f1978a) observed a diurnal variation in insulin binding to monocytes
that-parallelled the daily variations in inshlin sensitivity”and

. glucose tolerance. Binding reached a minimum in the afternoon,
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incfeased during ﬁhe evening and peaked in,the early morning. This
variation may have been.related to f;od intake as the pattern was 2
over-ridden when there was total fasting.. Fluctuations in binding were
f attributed to changes in binding affinity and not,Zeceptor
concentrqtion. These investigators interpreted }he simul taneous
decrease—in insulin binding and insulin seqsitivity as evidence that
variéd insulin sensitivity might be the result of altered insulin

-

binding in the target tissues.

In a related study, Béck-Nielsen'and‘Pedérsen (1978b) measured the-
glucose di§appearaﬁce rate in healthy adults after intravenous glucose
and insulin injections were administered. Insulin binding to monocytes
was again monitoreq. Significant positive qorreﬁations were observed
between the‘binding data and the giucose disappearance rate after both

glucose and insulin infusions. It was concluded that a clpse

1 b

relationship exists between the insulin receptor and glucose

disappearance rate in normal man. ' o
|

Among receptor diseases, insulin resistance in obesity is the most
comnon'hdnnone—resistant state (Roth, 1979). Harrison et al. (1976}
examined the relationship between.receptor binding to fat cells and
sensitivity in obese human subjec ts and founa that the number of |
binding s%tes was correlated directly with insulin sensitivity (as
meésured by the rate of fall in BG after intravenous insulin infusion).
They also observed'that receptor number was inversely gorre]éted with
_fasting plasma insulin levels. These findings have been further
supported by the work of Olefsky (1976). In this study insulin binding

to both.a&ipocytes and monocytes from obese subjects was significgntly‘
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reduced when compared to noFﬁa] weight individuals. Furthermore, there
was a strong positive corre]ation.betweeq the binding d;ta from the
adipocytes and monocytes —— sd@é%éting.simi1ar recsptor adaptétions in
both tissues. )
: Bar et al. (1976) examined binding to monoCytes in obese.and
normal subjects and again confirmed a reduced ]evef of binding in
the obese hyperinSu]inemié individuals. Thi§ was attributed to a
decréase in binding sites iq‘the obese (6,000-13,000 sites per monocyte
versus 15,000-28,000 sites per monocyte in the norma1s)., Fo]]owing
48-72 hours of fasting the %jrcu1ating insulin levels dropped and
binding rose in conjunction with increased receptor affinity.
-Refepding after acute'faéting produced a feth? to the pre-fasting
metabdlic status, whereés'ﬁhronic dieting restored insulin levels,
insulin binding and receptor concentration to normal, but receptor
affinity was unaltered. In summary, these researﬁhers deﬁonstrﬁted the
versatility of the monocyte insulin receptor in its ability to alter
both its affinity and concentration in obese insulin-resistant
subjects.
insg11n binding to.monocytes and insulin's actions in obese humans
under conditions of starvation and refeeding have also been examined by
ge Fronzo et al. (1978): In this research a euglycemic insu]in'c]amp'
technique was used to raise the insulin level, while at the same time
infusing glucose so as to maintain a constant BG Tevel. The amouﬁt of
glucose 1nfused.rgpresented the pissue sensitivity to iﬁsulin. For
normal subjects 15.8 mM/m2/min of g1u§ose was required compared with

7.6 mM/mZ/min for the obese, thereby.indicating reduced sensitivity

~



37

in the overweiéht subjects. Binding io monocytes was 8.3% in controls
and 4.6% in the obese. There was a significant positive cprrelation
between insulin sensitivity and monocyte binding — once again
confirming earlier observations.

In review, obese and hyperinsulinemic states in man show reduced
125I-iﬁsu1in binding in both adipocytes and monocytes as a
consequence of diminished recepfor nuﬁber. It is assumed fhe-mongcyte
-adaptations parallel those in the important target tissues, since the -
severity of the receptor defect correlates well with in vivo
measurements of insulin resistance (Roth, 1979). It is intergsting to
note that the elevated insulin levels in obesity may cause a '
“down—regulationJ of the number of receptors.’ However, it is not
certain which occurs.first - the heightened insulin levels
“down-regulating" the receptors, or the rediction in binding sites
necessitating higher insulin levels. ‘ ’

In contrast to these studies dealing with obesity, untreated
patients with‘anorexia nervosa demonstrate greater than normal binding
(12.2% versus 6.8%) in both monocytes and erythrocytes
(Wachslicht-Rodbard Bt-al., 1979). This difference has been attributed
to an %ncreased number of receptors per cell with little or no cﬁange
in receptor affinity. Rest;ration of normal food intake and body
- weight corrected this abnonm&f?ty.- Interestingly, in th anorexic
state plasma insuiin levels were lTower than normal, while those of
cortisol and growth honﬁone‘were elevated. It is suggested that

perhaps these endocrine abnormalities, along with the restricted diet,

contribute to the greater insulin sensitivity and receptor number
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associated with anorexia nervosa.

Although insulin sensitivity and obesity {as well as anorexia)

have been researched fairly extensively in humans using adipocytes and

circulating non-target tissues, there has been limited research

focusing on muscle reéeptors. That which does exist has involved

mainly animal models. Forgue and Freychet (1975) have investigated the

effects of obesity on insulin binding to cardiac muscie from obese
hyperglycemic mice. Their results indicated reduced binding similar to
that observed for fat, lymphocyte and liver tissues from this species.
This pattern wag again‘attributed to a decrease in binding sites. Work
undertaken by Le Marchand-B;ustel et al. (1978) also examined insulin
binding and the biological effects in muscle of obese and lean mice.

In this case ;ke1eta1 muscle, (the soleus), was used. The resu]tg
demonstrated a decrease in receptor num?er and insulin sensitivit} {as
noted by reduced 2-deoxyglucose uptake, §1yc;1y5is and glycogen
synthesis). In both this study and that of Forgue and ?reychet (1975)
acute fasting was accompanied by incréased binding and sensitivity.
These findings indicate that striated muscle, 1ike fgt and other
tissues, is capable of insplin.sensitivity and binding changes.

From the preceding discussion it appears insulin binding and insu-
1in sensitivity are closely related. Several factors have already been
mentioned as.influencing.insulin binding — time of day, degree of
obesity, diétary intake and hormonal status {insulin, cortisol, grohth
hormone levels). Otﬁer "biologically relevant" reguiators of affinity
and{Pr concentration of insulin receptors have also been established.

Apparent]y antireceptor antibodies (Kappy et al., 1979), acidic pH
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(Fantus et al., 1981) and aged cells (Eng et al., 1980; Sinha et al.,
1981) Feduce insulin binding, whereas sulfonylureas (Roth, 1981), cAMP
(Roth, 1979}, ketone bodies (especiaTTy'B-hydroxybutyraie) {Roth, 1981;
Fantus et a].; 1981) and exerciseriRoth, 1981) seem to enhance it.

. Both affinity and receptor number affect total insu[in binding.
Affinity appears to be intrinsic to the)receptor itself, but adaptation
of receptor concentration seems to require cellular processes beyond

'the b{nding site (Kappy et al., 1979); This distinction is of.interest
since it has been suggested that short-term or acute regulation of.
insulin binding (within 24-48 hours) is the result of changes in
affinity, whereas glterations in‘receptor'number_fequire neveral days to

~ develop in man and are of a more chronic_natureliéar et al., 1976; Insel
et al., 1980). : |
Realizing that an insulin receptor occupancy rate.of'oﬁly 20%
elicits a maximal response (Le Marchand-Brustel et al., 1979), one might
question the impact of increased receptor concentration on biological
sensitivity. Despite’this so-called "spare receptor" phenomenon, the .
effect can be significant. This is due to the fact that forwa given
quanti£y o% %nsg]in, the rate of insulin-receptor complex fohﬁation |
will be greater the more_sités available. Thus it can be argued that -
these "spare" receptors are’not spare at all, -but rather enhance the
response of the‘targef ce]]mby allowing a faster insulin response and
by increasing the cellular sensitivity to low concentrations of

insulin. .

Roth (1981) has neatly summarized the value of reééptor regulation

as follows. He stresses that in modulating hormone action in vivo the
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only variable of the hormone is its concentration, but with the
receptor both number and affinity are a&aptagge. Furthennore- recehtor
affinity itself is subject to separate control through both the
assdciation and d1ssoc1at1on rates Roth’ (1981) concludes that “the
receptor, which is a much larger and mofe‘comp]ex molecule than the
complementary hormone, is capable of a much wider range of regulatory,
events." The effects of such receptor regulation on cell funtion
apply to both normal and disease states, as seen in the case of insulin
sensitivity. Beck-Nielsen and Pedersen (1978a; 1978b) demonstrated a
positive correlation between binding and sensitivity in healthy adults,
while mény others (Harrison et al., 1976; Olefsky, 1976; Bar et al., '
197s; Defonzo et al. 1978' wachs1icht-Rodbard et al., 1979) have
remarked upon th1s same re1at1onsh1p .in disease states, especialiy

those related to obesity.

Insulin Sensitivity and Binding_§n Diabetes

Since NIDD is frequently characterized by obesity and/or insulin
resistance; it is only natural that receptor work has been extended to
A include this particu]ar group. Olefsky énd Reaven (19745) note& that
in 20 untreated hyperglycemic non-ketotic non-obese NIDD there was a
50% reduction in b1nd1ng to 1ymphocytes when- compared to normals. This
differencg was attributed to fewer receptors and was not considered to
be the result of the hyperglycemia. In. a later study investigating
insulin sensitivity and binding among NIDD (0lefsky and Reaven, 1977)
these same authors found that patients with chemiéa] diébetes (abnormal
oral glucose tolerance test) had a'45% decrease in insulin binding to

monocytes. Binding was inversely correlated to both the degree of
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.insulin resistance and to the fasting insulin level. De Pirro and

associates (1980) studied insulin binding to erythrocytes in non-obese

NIDD and again observed sighificant1y lower binding when compared to

~-normals (5.39% specific binding versus 6.39%). This discrepancy was

accounted for by differences in receptor concentration. As in the
preceding study (Olefsky and Reaven, 1977), binding was inversely
correlated to fasting insulin levels. Hence, in all three
investigations (01efsky'and Reaveh, 1974b; 0lefsky and Reaven, 1977: De
Pirro ét al., i980) the relationship between insulin sensitivity.and
binding persists. |

Hhen‘it comes to IDD it is clear that the primary metabolic
problem is the absence of the hormone insulin. However as Roth (1981)
eﬁphasizes “even in conditions in which hormone secretion represents
the major proﬁ]em, recepfbrs may play a ké;'ro1e“. Accordingly, Fantus
et al. (1981) examiped insulin binding to tﬁe monocytes of.eight poorly
controlled non-obese IDD. The results indicated heterogeneous binding
that was normal or slightly elevated, suggesting that the degree of
hypoinsu]inemia or ketonemia might be determinants of increased binding.
However there wére no significant correlations between binding,

.

receptor number or affinity and fasting BG or degree of ketonemia. The

fact that insulin binding decreased with improved-metab611c control may
have been- the consequence of peripheral hyperinsulinemfa and subsequent
"down-rngTation". This idea has been supported by Brown et al. f1982)
who found the binding response of typical IDD to be reduced when ’
compareq to that of healthy controls. Recently Tufgo et al. (1984)

have further added to our interpretation of binding in IDD by
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suggesting that modulation of insulin reéeptors may be less evident in
those who require only moderate daily doses of insulin (i.e. meanﬁo; 33
units). .

Thus even in IDD where insulin deficiency is dominant, the.
receptor may influence the clinical state of the insulin-dependent
diabetic. In fact, it is quite conceivable that many oé the acute
"unexplained" alterations in metabolic control of the IDD may be
related to changes at the level of the insulin receptor. Further.
research in this area is req;ired before a definitive answer can be
reached. R
Su éFy ’

. In concluding this section on insulin it should be apparent that °
both insulin and the fnsu]in.receptor are important in maintainihg
metabolic homeostasis. In the past greater emphasis has been placed
upon fhe regulatory role of the hormone. Now the adaptability of the
receptor and the role it may play in hea1th'and'disease is also being
recognized. This has come about largely because of Ehe deve]opmeﬁt of
radioreceptor assa;;.m Both animal and human target and nén-target
tissues have been studied. Overall the results indicate many'comnon

properties among receptors originating from very different tissues

. (H.e. 1iver, fat, ﬁusc]e, monocytes, erythrocytes). Furthermore, it -

appears -that many of the receptor changes which occur in non-target
tissges (i.e. erythrocytes or monocytes) parallel the observed changes
in sensitivity. This has been interpreted as suggesting that binding
alterations in non-target tissues 1ikely mirror the more important pS

alterations which occur in liver, fat and muscle. This situation
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occurs in both insulin-resistant obesity and NIDD. For 10D the main
problem remains a lack of insulin, yet it is entirely possible that
alterations at the receptor Tevel may play a significant role in both

the clinical state and the therapy of this disease.

Exercise, Insulin Sensitivity and Insulin-Receptors

Exercise and Preliminary Sensitivity Studies

o
Interest in potentia] insulin receptor modulation with exercise ]

has recently grown. This trend has no doubt evolved fromlear1ier work
based on .altered Q1QCose tq}erance and insu]in'sensitivity following
B chronic exercise programs. For example, in the early seventies
‘Bjorntorp et a1; (1970; 1972) suggested that regular physical activity
might produce adaptatjons in g]ucase tolerance. AIthough their studies
confirmed this, the mechaﬁfsm was not entirely clear.

| Berger et é]. (1979)'re-examined the effects of training on
- glucose tdier;nce in normal anaesthetized rats aﬁd found both lower BG
and insulin Tzvels in.the trained animals at rest éhd‘during an
intravenous glucose tolerance test. Significant increases in
;nsulinestjmulated g]ucoée uptake (55%) and lactate oxidation (78%)
were also noted in perfused skeletal muscle isolated from the trained
rats. These.researchers concluded that mild physical training could
. improve glucose tolerance and insulin 'sensitivity in normal rats due,
at least in part, to an increase in insulin sénsitivity of skeletal
muscle glucose metabolism. Mondon et al. (1980) arrived at a similar
conclusion after comparing the sensitivity of muscle and 1ivepmof.

sedentary and exercise trained rats. Once again insulin levels were

&
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lower for the trained rats following glucose ingestion. G]ucose uptake

was 17% faster in muscle from the trained group when perfused without
added insulin and 43% faster when exogenous insulin Qas included. In
contrast, glucose clearance by liver in the trained rats was less thap
one-half that of the controls. Therefore skeletal muscle and not liver
was established as the organ primarily responsible for the increased
insulin sensitivity to glucose uptake with regular ppysica] training. - -
In a third study,'wirth et al. (1980) .compared trained and sedentary

rats ‘and noted that both the plasma insulin concentration and the

. peripheral insulin/glucose ratio were lower in the trained group, again .

suggesting an increased sensitivity to peripheral BG utilization.

Interestingly, insulin binding to adipocytes im this group'was no
different from that of the controls. As the only other peripheral

tissue sigrificantly involved in BG metabolism is muscle, it is

unfortunate that binding to this tissuye was not examined.

Exercise-Related Insulin-Receptor Adaptations in Non-Diabetics © o~

Research into both the chronic and acute exercise-related changes
in insulin sensitivity and insulin binding in healthy human subjéc;s
has also been coPdpqted.- Though muscle, liver and fat biopsieé have
not been readily available for study, recall that a number of
investigatorsl(01efsky and Reaven, 1977; Defronzo et al., 1978;
Beck;Nielseﬁ and Pederson, 1978b) have demonstrated that insu]fn
binding to monocytes is correlated with g]ucosé tolerance and insulin
sensitivity.

‘Soman et al. (1979) examined insulin binding to monocytes in

healthy adults priof#:to and following a Six week training program (2?E
’ o / —



45

~hour of cycling at 70% mV0, four times per week). At the conclusion
of the training period there was a 20% improvement in mvVOz, a 30%
increase in insulin-mediated glucose uptake and a 35% elevation in
insulin binding at rest (from 9.4 to ;?.8%). As there was no ch?nge in
body weight, it was felt that physicaf‘training might play a role in
the management of insulin-resistant states {i.e. obesity and ﬁIDD)
which would be independent of its influence upon obesity.

" With regard to acute exercise effects, Somdn et al. (1978) found
that bicycling for three hours (at a work;oad reqﬁiring a‘heart rate of
120 bpm) ied to a 36% increase’in insulin binding to monocytes at the
completion of activity (from 6.6 to 9.0%). This was attributed to an
increase in receptor affinity. Binding returned to basa]!]eve]s by 24
hours. A]fﬂough the elevated binding correlated with the fall in BG
(13%), {t did not correlate with either ‘the drop in plasma insulin
(35%), or the rise in KB (five to six-fold above baseline). The
authors concluded thag'éﬁute exercise increases insulin binding which
in turn may contribufé éﬁ the augmented sensitivity associated with
exercise.
| Koivisto et al. (1979) investigated insulin binding to monocytes
in trained athletes and sedentary controlg in ﬁhe resting state-and
after three hours of biéy&]ing at 40% mv0z2, At rést'specific binding
was 69% higher in the athletes (14% versus 8%); while BG and insulin
levels tended to be lower. During acute exercise specific binding rose
by 35% in ﬁhe controls {to 11%}, but fell by 31% in the athletes (to
9%). Insulin levels declined in both groups. For the athletically

trained this pattern fits in with,the heightened insulin sensitivity
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noted at rest, aé well as with the shift from carbohydrate to fat as
the preferential exercise fuel {Astrand-and Rodahl, 1977). The work of
Leblanc et al. (1979).has p}oduced similar results in that the more’
physically fit subjects showed significantly lower insulin and BG
levels in response to an intravenous glucose tolerance test. Moreover,
insulin binding to monocytes at rest was éreater among the more highly
trained subjects. —

Michel et al. (1984;,recent{& investigated the role of exercise
intensity and duration-on insulin-binding responses in trained healthy
males. It was found that following 15 minutes of exhaustive «bicycle
exercise insulin binding to moncytes decreased, whereas 90 migutes of
cycling at 50% mv0p produced'an_inérease in receptor binding. The
authors‘hypothésizéd that the bidirectional.binding responses reflected
ce]1u1a;\changes in insulin sensitivity mediated by different serum .
components (ketane bodies, free fatty acids, 1actate..5) resulting from
the different exercise conditions.

Polychronakos et al. (1982) have contributed to our awareness of
post-exercise insulin sensitivity and binding changes in- healthy
ath]etes_by examining the effects of detrainfhg.' Insulin sensitiyity

-(as assessed by the euglycemic clamp technique) and binding to
erythrocytes décreased in parallel between 12 and 60 hours after the
last exercise regimen. Thus %esu]ts from this study demonstrate fhe
adaptability of and the close relationship between in vivo insulin
sensitivity and insulin binding to erythrocytes. -

In sunmary , insulin §Ensitivity'and bindihg adaptatfons associated

with exercise among healthy individuals appear to be related. For the
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untrained, acute exercise .promotes both elevated sensitivity and
binqing (Soman et al., 1978). Similar changes are observed among
-athletes under resting conditions (Koivisto et al., 1979; Leblanc et
al., 1979; Soman et al., 1979). On-the-other-hand, physical exertion
aédhg the highly trained may be accompanied by diminished binding and
-50 a favourable shift towards préferenﬁ%a] fat metabolism (Koivisto et
31., 1979, Leblanc et al., 1979; Soman et al., 1979; Astrand and
Rodahl, 1977; Michel et al., 1984).

Exercise-Relatéd Insulin Sensitivity and Receptor Adaptations in

Diabetics . .

. "In addition to the above research conducted with healthy subjects.
diabetics have also come’ under scrutiny. Saltin et al. {1979) studied
middle-aged men with pajh?1ogica] ord] glucose tolerance test responses
(mild NIDD) to see if they\might benefit from physical training.
Following three months of activity (one hour, twice a week) both mv0p
and glucose tolerance va]ues;imprbved. In fact, glucose to]eranée was
normalized in a group of subjects receiving both the training pfogram
and gietary advice. Insulin levels were also reduced {n this
group. Despite the association between insulin resistance and obesity,
the sub&ects who had improved glucose tolerance iﬁ this study did hgzk
undergo any significant weight loss. Ruderman et al. (1979) also }
examined glucose to]eraﬁée in NIDD following moderate activity {30
minutes, five times a week, for six weeks). " Training improved mVOz.
values by 15% and increased the glucose disappearance rate fol\owing an

intravenous glucose tolerance test without ‘any change in insulin

response. Thus a greater sensitivity to insulin is suggested.
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_However, this effect was short—]ived;}or it deteriorated within two
weeks -of the end of the program. - K ‘

Iwasaki et -al. (1982) have investigated the ;Eth\EiE:Fiée effect
on insulin binding to erythrocytes in NIDD and normal controls after 30
minutes of jogging (approximately 30 - 40% mV0p), 1In the coﬁtéo]
subjecté binding was elevated immediately post-exeﬁ;ise; but fe]] to
baseline values by 30 minutes. In contrast, binding in NIDD tended to
decrease at five minutes post—egércise and demonstrated a significant
reduction by 30 minutes. Iwasaki et al. {1982) concluded that the
control mechahigm'of insulin receptor a&aptation to exercise may be
different in NIDD and normal subjgcts.

At presenf limited research has been done with regard to the
potential éffects of exercise on insulin sensitiviﬁ} or binding in IDD.
Brassard and Taylor (1980) did find that both endurance and power |
training programs diminished insulin requirements in
séféptozotocin-indﬁced diabetic rats — suggesting heightened
sensitivity. This finding Las been supported more recently by the work
of Yki-Jarvinen et al. (1984) involving IDD. A six week training -
program consisting of cycﬁe ergometer exercise (qne hour per day, four
times a week) resulted’in anrenhanced rate of glucose uptake and a
reduction in insulin requirements. Insulin binding to erythrocytes
remained unchanged. However, it is important to note that the binding
technique employed removed the uppermost 5 to 10% of the erthrocyte
pellet, thereby’eliminating the youngest and perhaps most adaptable

cells.

Caron et al. (1981) have examined the fall in glycemia in the
: S

.
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hours following écute exercise in ¥0D. Thirty minutes after breakfast
subjects began a bout of moderafe bic}cle activity (50% mv0j) that'g?
Tasted 45 minutes. In four of the five diabetics studied the

| post-lunch glycemia-{several hours later) was significantly lower than
values obtained on a control day. No difference in*the level of free
insulin was observed. Therefore these researchers concluded that -
post-pranqia1.ex2mgise produced a delayed effect in lowering BG that
appeared to be the result of enhanced insulin sensitivity.
ﬁnfortunate]y binding characteristics were not investigated in this
particular study. .

Currently, there is only one study available which specifically

examined the effects of acute exercise on insulin sensitivity and

_.binding adaptétiogs in IDD (Pedersen et al., 1980). These researchers
atéempted to determine whether tﬁe improved glucose tolerance and )
diminished insutin requirements following exercise in well-controlied
IDD, were 1inked to g]terations at the receptor levél. Binding to.
erythrocytes and monocytes . was studied in athletically unfrained '
: diabetic men treated with insulin during three hours of post-prandial
bicycle exercise (33% mVOz);I Comp;red with a control period,
exercise sign{ficantly increased insulip binding {by 30%} to both
erythrocytes and monocytes. Actuéf]y, diabetics show a diurnal
var;ation in binding capacity, with the Tow occurring before noon
(Beck-Nielsen and Pedersen, 1978a). When exercise was implemented at
this point, the binding simply did not decline as occurred in the

control study. This was attributed to changes in binding affinity as

receptor number remained constant. During the three hours of
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post-prandial exercise reductions were observed in BG,/fFA and
cortisol, while elevations were found in-insulin (site of.injectioa was
in the leg), glucagon and lactate. The duration of these adaptq;ions'
into the recovery period was not specified. Overall, these findings in
well-controlled IDD parallel those obtained for healthy untrained
subjecté"(Soman et al., 1978; Koivisto et al., 1979).

Although Pedersen et al. (1980} acknow]edge that insulin, KB and
steroids have been shown to affect binding under various conditions,
their study failed to show any relation between changes in insulin,
g]déagon, cortisol, BG, FFA, KB or lactate and cellular binding of
insulin. Hence, the factors operating in this exercise-induced
enhancement of insulin-receptor binding are unknown. .While it could be
afgued that exercise causes a mdbi]ization of erythrocytes and
ggnocytes Qith greater binding capacities than those in circuldtion
at rest, Pedersen et al: (1980) did not see any differences following
exercise in the reticulocyte concentration of the‘erythrocyte
breparation. In conc)usibn, Pedersen, Beck-Nielsen and Heding (1980)
state tﬁat the increased insulin binding to monocytes and erythrocytes
assoc1ate& w1th acute exercisg probabl {eflects a similar adaptation
in muscte t1ssue. u1t1mate]y contr1but1ng to the improved giucose
tolerance seen in hea]thy agd 10D subjects.

In reviewing this section, it is evident that many times the exef-
cise-related adaptations in glucose toleranie and insulin sensitivity
are parallelled by modifications at the receptor level. ‘While this
does not necessarily imply a causal relationship, this possibility does

exist. As emphasised earlier by Roth {1981), the receptor is capable
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of an extremely large range of regu]ato;y événts! The observed sensit-
ivity and'receptor édaptations are not 1}mited to healthy individuals,
but also a;p]y.to disease states such as insulin-resistant obesity,
NIDD and IDD. While stressing that insulin deficiency is the basic
~ abnormality in IﬁD, receptor adaptation in this group may still play an
important role. In.fact, the clinical state of these individuals may

be greatly influenced by receptor changes, as suggested by the

£

exercise-enhanced glucose tolerance and binding results of Pedersen, et
al. (1980). Additional research in this area will be required in 6rder
to clarify the precise significance of these recent receptor findings.
Present Guidelines fér'the Acfi&e Diabetic
At present only alnandfq] of practical guidelines exist for phe
active diabetic.- These are presented below.

Food should be provided before or during the activity to avert
hypoglycemia QUe to increased energy bonsumption and insqﬂ?ﬁ mobiiiza-
tion. Additional food may also be required up to 24 - 48 hours.follow-
ing exercise to replenish depleted fuel stores. Some authorities éhg-
gest reducirg ihsu]in désage rather than increasing food intake.
However, if the subjects are not overweight an increased dietary intake
to balance the caloric expenditure seems preferable, particularly in
light of thé faster insulin mobilization during activity. As a
generafization Flood (1980) has proposed that brief vigoraus exercise
shou]d-entail an increase in food intake; prolonged exercise, a
decrease in insulin and prolonged vigorous activfty (i.e. marathon

events), a combinatiqn of the two. More specific guidelines concerning

A
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change§ in inﬁulin dose are not available — perhaps reflecting large
inter-subject variability. s

From the stud{es concerning the role of metabolic control it
should be-clear-that.insulin-deficient diabetics should not undertake
exercise as it leads to a further deterioration of the diabetic state.
It should be kept in mind though, that studies describing |
insulin-deficient diabetics .usually involve subjects whose insulin has
been partially or totally withheld — an unrealistic situation for most
exercising diabetjcs: Thus it seems important here to distinguish
begwéen "insulin-deficient” and poorly controlled diabetics who are
simpT& not achieving an optimal balance between diet and insulin.
Contrary to the impression left by the statement fhat "uncontro]]ed
diabetics should not exercisé",_it seems reasonable thatldiabetics who
overeat in relation to the%r normal diet and insulin requirements {and
so have elevated BG levels) might benefit from acute exercise. Whether
a better metaboiic ba]ancé is attained will depend largely on the typef‘
of activity, hormonal response and degree of insulin insufficiency.

Although some controversy concernﬁng tﬁz impact of ractive versus
non-active.site of injection still exists, it ié usually recommended
that a non-active site be selected prior to exercise {Koivisto and
Felig, 1978). x

While activity is generally considered beneficial for diabetics,
there are several risks or coﬁsiderations that must be taken into -
account. As é]ready noted subjects must take precautions to avoid
hypoglycemia, while those whose insulin is withheld should avoid

physical exertion. Diabetics with microangiopathy may have reduced
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. _ 3
vascular dilation and impaired exercisé7to1erance. In addition,
because exercisé decreases blood flow to the kidneys and increases
proteinuria, diabetic nephropathy may be aggravated (Skyler, 1979).
Similarly, exercise‘may worsen proliferative diabetic retinopafhy by
increasing blood preSsure-an& the risk of vitreous or preretina;
hemorrhage {Skyler, 1979). Fing]]y, for diabetics with ischemic heart
disease there is the risk of angina pectoris or myocardial infarction.

In such individuals exercise is best initiated in formal classes where _

-

“trained personnel are available.
IE/beneral, diabetics are encouraged to follow these guidelines
and inciude regular exercise in their therapy.” Unfortunately, until

more is kKnown, additional recommendations can- not be offered.

General Summary
Exercise has long been récommended and considered beneficial in
the treatment of diabétes, Acute activity alters the ene;gy demands,
fuel requirements, hormonal pattern and metabolic status of the

individual depending upon such factors as exercise intensity, durﬁtion

" and level of fitness. In the case of the insulin-dependent diabetic

insulin availability is also critical. To date; research explicitly
comparing the effects of activity of varying intensity in stable IDD is
scarce and quite limited with regard to the post—exencigg
consequences.

With the rapid expansion of receptor research the adaptability of
the 1nsu11{Lfeceptor in both health and diséase is being recogpized.

Consequently, acute exercise benefits to the diabetic such as lower



54

glycemia, reduced insulin requirements and imbroved giucose tolerance
and.sensitivity‘are being re-examined in light of the recent knowledge
of insulin-receptor modulation. Unfortunately such research specific
to- the acute exercise effects in, the IDD is still Timited aed
additional investigation is warranted if better guidelines are to be
developed for today's act1ve diabetic.

This review chapter points out that our.present understanding of
exerc1se and d1abetes could be cons1derab1y enhanced by research aimed
at systemat1ca11y compar1ng exercise intensity effects upon I1DD; by

using more physiological, or typical, exercise conditions for IDD; by

. investigating the duration of the post-exercise consequences and by

-

further examining the phenomeﬁnh of insulin-receptor adaptation.
Accordingly, 'this study will examine and compare the effects of varying
exercise'intensity on. the post-exercise insulin-binding and ‘blood. .

glucose responses in untrained male 1nsu1in-dependent diabetics.



CHAPTER III
RESEARCH METHODOLOGY

- This chapter presents the methods used to investigate the /
post-exercise effects of exercise intensity on 1251-insulin-binding

and plasma glucose responses in male insulin-dependent diabetics.

Subjects

Pérticipants in the study were eight untrained male IDD between
23 and 32 years of age. Subjects were within +/- 21% of their recom-
" mended ideal body weight (Mefropo]itan Life Insurance Company: 1983)
and were receiving insulin by injection one to two times a day. None
of the volunteers were being treated with continuous subcutaneous in-
sulin infusion (i.e. the insulin pump). The subjects were not involved
in extensive physical training progréms, although some were participat-
ing in 1ight to moderate activities on a sémi;regular basié. " Females y
were excluded from the study on account of the wide variat{on in insul-
in binding during the menstrual cycle (De P{rro et al., 1981). Part-
1cipant§ were in good health and had no sérious diabetic complications.
Informed written consent was obtaiped from all voTUnteetf prior to the

start of the study (Appendix E}<

Experimental Design
Due to large inter-subject variability in diabetic status, sub-
jects acted as their own controls. The design was such that each

participant was evaluated under three distinct conditions. Thése
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consisted of a control day and two "eight hour post-exercise days". On
the control day the'subjecté merely reported to the laboratory to
provide é morning blood samplie. However, the two “eight hour
post-exercise days" reqhired that the volunteers participate in an
exercise protocol on the evening immediately preceding their. morning
blood sample. - It was felt that by having the subject exercise in the
evening (21:30 to 22:30) the subseqqgnt overnight eight hour period
would be less affected by factors such as stress, -physical activity and
diet.. The order in which the three treatment &onditiqns were performed
"was random for each vo]ﬁnteer. For any given subject all three
sessions were completed over a two week period, with a-minimum of three
days between each. |
‘Details of the exercise protocol (intensity, duration, format)
were discussed with eéch parvicipant in advance so that insulin and
diet could be adjusted according to individual needs. Subjects were
informed that they wgre to establish and maintain exact]y'éhe same
insulin, diet and activity pattern; (excluding the imposed exercise
protocol) under all three experimental conditions. The importance of
this was sfressed aqd_participants-were given-diary'shéets (Appendix F)
and asked to record the above parameters on the day‘prior to each test
Qay when the morning blood samples were drawn (three days in total).
_ This procedure was included to encourage adequate diabetic controi, to
-provide a record of the regimen followed init{ﬁ11y so that this could
be dupliicated in the two subsequent protocols andﬁlo encourage
" compliance on the part of the volunteers. Participants were requested

to refrain from smoking and consuming caffeine prior-to both evening

~—

r
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exercise sessions. It Las also requestéquf the voT&nteers that they
avoid extra physical exertion 24 hours prior tb'providing their morning
blood samples. '

On the first exercise evening (high or 10wlintensity) the subject
reported to the Ottawa Civic Hospital Diabetes Rasearch Laboratory at
20:30. A capiflary blood Samp]e was subjected to an immediate B8G
estimatg (using the commercially available "Dextrostix" and Glucometer
systemé ensure adequate control on each-of the two exercise -
evenings., When BG ;a1ues exceeded 15 mM the subjects were reschedu}ed.
At approximately 20:45 a submaximal predictive m¥0s test was begun
using a stationary Monarch bicycle ergometer. The protocol used was
that outlined by Astrand and Rodahl (1977). After the application of
chest electrodes, the subject cycled for six minutes at a workload of
300 kgm/min (50 watts) at“a set pedai frequency of 50 rpm. The load
was then progressively increased by,BdO kgm/min every six-minutes.

The heart rate was monitdred on a Cambridge VYS4 recorder during the
last two minutes of each load. When The heart rate réached 130-150 bpm
the}test wangtopped at the end of the sixth minute. Based on this

heart rate and the last load, the subject's mv0s5 was predicted using

the nomogram of Astrand and Rhyming (1954) (Appendix D). A correction

»

factor for age was applied when necessary (Astrdnd'and Rodahl, 1977).

From the predicted mV0p vatue, 75% mV0y was determined and the
corresponding high intensity workload derived from the nomogram
(Astrand and Rhyming, 1954). The total amount of work to be completed
under the hﬁgh-inténsity condition was then-ca]cuiated, as the éubject

would pedal intermittently in two minute- work/rest intervals for the
- )
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duration of one hour;'(BO minutes of actual Eyc]ing time.). Based on
this, the low intensity worklcad was determined as that intensity which
wou]d enabie the same total amount of work to be completed during 60

minutes of continuous cycling. ThTS repreasented approx1mate]y 45%
mV0,. The amount of Egg&/pdéileted,during the two exercise protocols
was matched in order thaf the fotaﬁ energy and fuel requirements would
be comparable. (When the subject returned fpr the second exercise
sess%dn the submaximal bicycle test was repeated to ensure that the
total amount of work‘comp]eted would be idgntical on both occasions:
However, all workload calculations were derived from the initial
_ érgometer test.).

With the respectivé workloads established and after a brief rest,
the subject began pedalling at 21:30 and continued until 22:30
following either the high inteansity intermittent or Téw intensity
continuous format of exe;gise. The heart rate was recorded every five
' minutes. Capil]ary BG value; were obtained at the start and then every
20 minutes until completion of the exercise. Where BG Ya]ues fell
below 4mM carbohydrateJWas given orally to avoid hypoglycemia.

Under the control cond1t1on no evenrﬁ)“exerc1se was performed,

5-

However the same 1n;;ﬁ1n and dietary patterns were adhered to as on

the other two occasions.

»
-

After each of the three experimental protdco]s*the subject
returned to the laboratory the next morning at 6:30 (eight hours
post-exercise) following an overnight fast and prior to injeéting his
morning dose_of insulin. A blood sample from the cubital vein (20 m1)

was collected in heparinized vaccutainers. A1l samples were assayed

i
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for immediate BG (as previously dGSC(ibed), hemgtqcrit, plasma g1hcose.
" HbAj, and 1251-insylin binding-to erythrocytes.

For each, 20 ml of blood collected approximately 1.3%ml of whole
blood was immediately removed for the determination of immediate 8G (.1 .
m1), hematocrit (.2 ml) and.HbAl {1 ml). The remainder was
centrifuged at 2500 rpm, 4°C for 10 minutes. The plasma was a]]dcated
fo; the plasma glucose assay ahd the_ce]ls, for the erythrocyte binding
assay as described below. All metaboliic assays were carried out in
duplicate. (A1l centrifugation processes under 3500 rpm were perfomned
on Damop/IﬁC division centrifuges. Ultra centrifugation was used for
the dextran density separation of the erythroc;tes (Beckman L8-70,
18,000 rpm)). |

Subject Ana]ysié

Percent [deal Body Weight

(\ The 1983 Métropo]itan Life Insurance Company Height and Weight
Ipb]g\ﬁ?r Men was used as a basis foﬁlca1cu1ating the percent ideal
body Qei@ht (Appendix C), Frame size was not estiﬁated, therefore
calculations used £he mean of the entire range of weights corresponding
to é particular height,'as depicted in the table. Thus % IBW was

determined as follows

{

Subject Wt - Mean Wt of small to large frame
. _ size limits for the appropriate )
% IBW = subject Ht X 100%
Mean Wt of small to large frame size
. limits for the appropriate subject Ht
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\\ETBbd Analysis

- Hematocrit
Since exercise tends-to cause hemoconcentration, the hematocrit
w(Hmct) was determined for each of the three samples in the event that
torﬁectidns for the plasma g]ucoselqpncentrations might be necessary.
Plasma volume changes based on di#ferehces between.the control day Hmct
and post-exercise Hmct were ca1gy1a§ed according to the method of

Beaumont (1972}).

‘g Plasma Volume = 100 , X {-% Hmct Change) -
Change 100 - Control Hmct :

" Plasma Glucose

Plasma glucose determination was carried out on plasma frozen
immediately after -collection and stored at -20°C fpr}up to five weeks;
An automated ABA-200 Abbott Analyzer and the associated "A-Gent
G1ucéserUV" reagent kit were used for the assay (Abbott Laboratories,
1979). This reaéent kit is an optimized formulation of hexokinase
(833 U/1}, glucose-6-phosphate dehydrogenase (1667 U/1), sodium
adenosine triphosphate (1.8 mM),-magnesium aspartate (llé mM),
nicotinamide adenine dinucleotide (NAD) (1.5 mM), triethanolamine

.hydroch1oric acid (50 mM), sodium carbonate {16.5 mM) and potassium
oxalate (9 mM). Thé principle of this technique is based upon the
phosphorylation of glucose by hexokinase in the presence of magnesium
ions and exc adenosine triphosphate to yield glucose-6-phosphate
and adenos;;Zsz:Bhosphate. Glucose-6-phosphate is then oxidized in the llf,

presence of glucose-6-phosphate dehydrogenase and NAD producing
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6-phosphogluconate- and the reduced nucleotide (NADH). When 50 ul of
plasma was reacted with .5 ml of theﬁ"A-Gent Glucose-UV" reagent the
degree of reddgtion of NAD to NADH was linearly related to the amount
of glucose present and could be measured spe&trophotometrical]y at 340
nm, thus providing a quantitative measure of plasma glucose.

Glycoslyated Hemog]obin A

" Samples were analysed for HbA] to determine the degree of
glucose control and to verify similar status thrbﬁghout the duration of
the study. HbA] was measured using the "Quik-Sep" fast hemoglobin
test system {Isolab Inc., 1981). This involved mixfng 50 ul of whole
blood wi%h 200 ul of the Fast Hb Samg}e Preparation Reagent. This was
shaken and then Tet sit for 10 minutes. Fifty.microlitres of the
rgsultént hemosylate was added to a prefi11edrion—exchange column. The
total HbA) fraction was eluted by adding 200 ul of the Fast Hb
Elution Solution. .The remaining hemoglobins Qere collected separately
with 4 m] of a second eluting agent; After diluting the latter
fraction with 16 m[\of water the absorbances of both fractions were
‘read at 415 nm on a Bausch and meb Spectronic 710 spectrophotometer.

The percentage HbA] was calculated as

HbA; = Absorbance of the Fast Hb Fraction

” Abs of the Fast + 5 (Abs of the Other
<> Hb Fraction. b Fraction)

Whole biood was stored at 4°C for no longer than 24 hours prior to

undergoing.this analysis.
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125]1-Insulin-Binding Analysis

Iod1nat1on Procedure

1251 insulin was supplied by the Po]ypept1de and Hormone

Research Laboratory at McGill University. A1l assays were performed
with the same batch of 1251-insulin within four weeks of its
préparation. A modified version of the chloramine T method described
by Greenwood, Hunter and Glover (1963} was used as this has been shown
to be suitable for preparing labelled insulin with the same biological
activity as the cold hormone (Schneider et al., 1976). Briefly, 10 ul
of phosphate buffer (.5 M, pH—7.4) was reacted with 10 ul of 125]
(New-England Nuclear) (1 mCi/10 ul of .5 M phosphate buffer), 10 ul of
porcine insulin (Sigma) (5 ug/10 ul “of .01 N hydrochloric acid) and 25
ul of €h1oramine T (Sigma) (1 mg/ml of .05M phosphate baffer). The

reaction proceeded for 30 seconds and was terminated by the addition of

100 ul of sodium metab1su1f1te (.35 mg/ml of .05M phosphate buffer)
To this, .245 m} of 2. 5% bovine serum albumin (BSA) in 25 mM Tris
buffer (pH 7.4) was added to yield a final volume of .5 ml of dilute
Feaction mixture (D). Trichloroacetic acid precipitation was used to
asséss the percentage 125] incorporated. with the hormone. Provi&ed
this was greater than 85%, solution D was applied to a Sephadex “€olumn
(G-50 fine, 70 c¢cm x 1 cm) pretéeated with 1 m1 of 2.5% BSA in 25 mM
Tris buffer. The eluate was collected I ml at a time in glass tubes
containing .1 ml of 2.5% BSA in 25 mM Tris buffe:r., The tubes were

. counted ‘to determine the iodinated.protein peak which was then pooled

and frozen in small aliquots. Specific activity of tﬁ% '

1251-insulin was estimated based fﬁ/fﬂg,pefEEnt 1ncorpora£ion and
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the quantity of insulin and 1251 reacted.

Insulin-Binding Assay

The technique used was based on Fhe work of Po]y;hronakos et al.

(1981i. After centrifuging the whole blood specihen (approximately

18 m1) at 2500 rpm, 4°C'fpr 10 minutes, the ]eucocyjes and platelets
wére removed from the grythrocytes by pouring the cells over a coiumn
composed of a 50% mixture by weigﬁt of &« cellulose and Sigma cell type
50 cellulose {Beutler et al., 1976). Saline was run over the column to
facilitate filtration. The saline and red blood cell suspension was
centrifuged at 2500 rpm, 4°C fof seven-ﬁinutes in 50 h] plastic conical
centrifuge -tubes. The supernatant was aépirated and the ceils
resuspended with room temperature saline and then left to sit for 30
minutes before recentrifuging. Th1§ last sequence of steps was k
repeated f--the purpose being to remove insulin and insulin antibodies
that might be present in high concentrations in IDD. This migture.was
spun ddwn once again (2500 rpm,.4°C, seven minutes) and the saline ‘
removed before adding a few millilitres of buffer GES 300 to the cells
" and mixing thoroughly. (GES 300,.a glucose electrolyte solution,

contained 6.75 g/1,§bdium ch]oridé, 4.85 g/1 dihyrous: sodium dihydrogen
phosphate, .824 g/1 potassium dihydrogen phosphate and 2.00 g/}
glucose). |
Dextran density centrifugation was employed to'separate the

youngest_(leéstldense) erythrocytes (Danon'énd'Marikovsky, 1964) from
the entire erythrocyte population. This aspect was included in the -
study as insulin binding declines in erythrocytes as they age.(Eng et

al., 1980). " Since exertion may stimulate release of immature

3
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erythrocjtes (Guyton, 1976), examination of binding within a given age
fraction of cells would avoid possible biasing. It was decided to
investigate the youngést fraction of cells since erythrocytes Jose
their nuclei with maturation. Should change at the receptor level
involve some form of protein adaptation, it would thus seem most likely
to appear in the younger cells. An "enriched solution" of the youngest
erythrocytes was isolated by placing several millilitres of the
EES-erythrocyte mixture onto 2 m1 of a 1.095 g/ml dextran gradient,_and
centrifuging at 18,000 rpm, 18°C for 10 minutes. (The remainder of the
GES-erythrocyte mixture was returned to the fridge to S; used for the
unfractionated analysis). The upaer layer or "enriched solution" was
then removed and ﬁﬁaced onto a 1.092 g/ml dextran gradient and
r‘r‘ecentrifuged at 18,000 rpm, 18°C for 45 minutes. At the end of this
time the upper fraction (F) was remgved and washed with,ialjne, as were
the temporarily stored unfractioned cells {(U). Buffer G (11.915 g/l
HEPES, 6.057 g/1 Tris, 2.033 g/1 heptahydrous magnesium chloride, .584
é/1 EDTA, 1.80 g/1 dextrose, 1.47 g/1 dihydrous caicium chloride,
2,925 g/1 sodium chloride, .373 g/1 potassium chloride and 1.00 g/i
BSA) was then added, mixed, centrifuged at 3000 rpm, 4°C for three
minutes, and the sdpernatant aspirated. The cells {both unfractionated
and fraction F) weée transfered to separate smaller graduated tubes,
resuspended in buffer G and recentrifuged at 3000 rpm, 4°C for five
minutes. Enough subernatant was aspirated to establish a 50%
hematocrit and the cells were thgn well mixed in the remaining buffer
G. Thirty microlitres of this suspension were transfered to a Coulter
Cup containing 10'ml of 1sotgﬂ::jEva1uation of the number of

L sl



65

erythrocytes in this volame was carried out-on a Coulter counter.
Binding data was later standardized to a cell concentration of 4.0 x
109 erythrocytes/m1. | |

Specific insulin binding was examined by incubating 30 ul of each
of the erythrocyte fractions (unfract1onated and F fractxon) with 10 ul
of the tracer and 10 ul of either buffer G or excess-unlabelled insulin
{500,000 ng/m]). (The tracer contained 2 ml of buffer G, 2 mg
bacitracin and approximately 20 ul of 1251-insulin or enough to
gontain roughly 2,000,000 cpm). Both erythrocyte fractions were
incubated fn quadruplicate at the traeer and excess insulin
concentrations. The assay tubes were sealed ‘and allowed to'incubate
for 20 hours at 4°C, set in a shaker. After this time 3.5 ml of
chilled saline was adﬁed to each tube'(exc1uding those containing
traeer?on]y) The tubes were then centrifuged at 3000 rpm, 4°C for
three minutes to separate the free 1nsu11n from bound insulin., 'This
was followed by the addition of 1.5 ml of chilled 37% forma]dehyde.
After 10 minutes the tubes were. 1nverted drained and the rad1oact1v1ty
counted (10 m1nute; per tube).

To determine specific binding the average amount of radioactivit}
remaining in the presence of excess cold insulin (nonJSpecific binding)
was subtracted from the mean total binding at the tracer concentration.

Therefore percent specific binding (%SB) was calculated as

%5B = Tota) Binding - Non-Specific B1nd1ng < x 100
Total B1nd1ng
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Statistical Analysis

Analysis of Subject and Exercise Data

Descriptive statistics were used to characterize subject and

exercise parameters. Two-way repeated measures univariafé analysis of _

N variance was employed to examine both BG and carbohydrate intake over
time during the two exercise sessions.

Analysis of Hematocrit, Plasma Glucose and Glycosyliated Hemoglobin

Hematocrit, plasma glucose and glycosylated hemogiobin were each
examined for differences between cbntro], low and high days using a
one-way repeated measures analysis of variance.

Analysis of Binding Data

Assessment of the percent spec1f1c bifding between the U and F
fract1ons under the three experimental conditions involved a two-way
N repeated measures analysis of variance. Non-specific binding was
evaluated in the ‘'same Manner. A one-way repeated measurés_analysis of
variance was used to ensure that the % F recovery did not vary
significantly with experimental treatments.

Correlational Analysis

Pearson's correlation coefficient was determined for the
relationship between‘specific insulin bindihg and age, body weight,
insulin dose, mv0p, total work performed plasma glucose and

gTycosy]ated hemoglobin.

An - c{ level of .05 was selected for all s1gn1f1cance testing.

Post hoc procedures were performed as required.
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Non-Diabetic Comparative Data -

A review of the literature on insulin binding indicates a rdnge of.
reported normal values. The nature of the present des1gn was se]ected
to spec1f1ca1]y examine binding responses among a diabetic popu]at10n
However, it was felt that by providing baseline non-diabetic binding
values results derived from the assay désc;ibed in this paper would be
made more meaningful. It wag not the inténtiop of the present research
to compare these groups directly. Rather, the purpose of including
non-diabetic datadaas to provide a basis of 1nterp;;;:£1on for those
readers interested in re]at1ng the findings of- this work to that of
others in the field. For this reason all resﬁlts derived from the five

hon-diabetic volunteers are presented sepafately in Appendix B.



CHAPTER IV
RESULTS !

The results of this study ére presented as follows: Subjec% Dafa,
Exercise Parameters (incTuding the acute exercise effects monitored),
Post-Exercise Plasma G]ucgse Responses (including HbAj),

.Post-Exercise Insulin-Binding Responses and Corre]ations.' Original
data not presented in this chapter can be found in Appehdix A.* An &
level of .05 was selected for all statiséical analyses. All |
significance tests were two tailed, except where specifically reported
as being one tailed.

Comparative results concerning the non-diabetic subjects appear

separately in Appendix B.

Subject Data
Descriptive characteristics of the eight diabetic subjects are

shown*in Table 1. +
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Mean Eubject age was 25 years with a range of 23 to 32 years. The
average duration of in§u1in-dependent diabetes was 11 years, with a
range of 2 to 22 years. Body weight Qaried from 57.5 to 91.2 kg, with
‘a mean value of 70.8 kg. Percent ideal body weight was calculated from
the height and weight measurements as described in Chapter IIl. Five
of the eight subjects fell within their recommended ideal’body weight
ranges (Metropolitan Life Insurance Company, 1983). Howevér, subject 1
exceeded the upper 1imit of his range-by 7.2 kg, while subjects 2 and p
were 1.5 and 4.7 kg_ée]ow the Tower limits of their respective_we%ght
ranges. - T~

The mean insu]iﬁ dosage was 55 *21 units or .78 *.29
units/kg/day (mean ¥SD). Three of the vq]unteers'(subjeéts 4, 5
and 8) receivéd their insulin as two dai]y'iﬁjections (before

breakfast and dinner), while the remainder received only a sihg]e
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morning dose. Most of the subjects were using 2 combination of short-

-

and intermediate-acting insulins.

‘Based on the submax imal bicycle ergometer test the predicted

mV0z values fell between 2.1 and 3.3 1/min with a mean of 2.7 1/min.
sed in ml/kg/min represented a range ffom 25 to 4o

ml/kg/min with an average mi0p of 38 mi/kg/min.
Exercise Parameters
A summary of the mean values and standard deviations of the low

and high exercise intensity conditions are presented in Table 2.

\

TAELE

SURMARY DF THE LIN NG MIB SIERCISE INTENSITY TugiTios
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The workload performed under the high intensity condition was
approximately twdﬁold greate}_fhan that of thé 10w.1ntehsity condition
(136 %24 versus 69 *12 Q). However, the total amount of work
completed under both exercise protocols was relatively constant.— fhe
difference being only 2% (245°%43 versus 250 42 kj). The

relative workload intensities were 74 %3 and 45 %1% mV02 for

v
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the high and low conditions respectively. Only subject 7 was unable to
maintain the ;prk1oad‘corresponding to 75% mv0y, so aﬂreductjoﬁ in
load to fhat representing 67% mV02 was. required during the first 10
minutes. The resultant mean heart rate for the more intense protoco]\
was 155 *10 bpm, while that of the low fntensity”édrmat was 122
8 bpm. Thus the basic conditidnsiof the des{gé, (exercise of two
different physiological intensitiqs and constancy of total work
performed), were met.

Table 3 presents the mean blood glucose vq1ues and quantities of

* /
carbohydrate administered during each of the two exercise seszf?hs.
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Two-way repeated measures ana1y$is of_va;iance indicated a
significapt difference in blood glucdse over time (F(3,21) = 10.92; p =
.0002). No such di%ference was noted between the overall BG va]ués of
the low and high 1ntensfty protoco1s.(F(l,7) = 3.3@; p = .l1). There
was however, a significant interaction betweén time and intensity

(F(3,21) = 3.48; p = .03).

/\\ *
.



72

Subsequent-&cﬂpffé post hoc analysis of BG over time revealed that

I T

“the values measured at 20 minutes {mean of 5.3 *3.5 mM), 40 minutes

(mean of 4.0 #2.1 mM), and 60 minutes (mean of 4.0 1.8 mM)
were al] significantly lower ( & = .05) than those reéorded at zero &
time (mean of 7.3 #4.3 mﬁ).-- y.

E;amination of the time-intéA;ity interaction entailed the
compaﬁison of the ﬁean 10w and“high intensity BGlresu1ts at each of the
four time periods. For this purpose Scheffé post hoc simple éffects
testing - was carried out ( & .=..05). Significant differencgs’betweén

the Tow and high intensity BG means were noted at zero, 20 and 40

minutes.'but not at 60 minutes. These results are represented

. graphically jn Figure L.

a
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FIGURE 1

ACUTE GLUCOSE RESPONSE UNDER )
LOW AND HIGH EXERCISE INTENSITY- CONDITIONS
(MEAN -VALUES +/- SD)
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Two-way repeated measures analysis of variance of the amount of

carbohydrate administered during the two exercise sessions indicated a
~significant difference over time only (F(3,21) = 3.13; p = .047). The
main effect of low versus high. exercise intensity on the amount of
carbohydrate consumed to maintain the B§ above 4mM was not significant
(F(1,7) = .95; p = .36), nor was the time-intensity interaction

(F(3,21) = .65; p = .59). \
) Scheffé post hoc analysis { X = ,05) of the amount of tarboydrate
administered across time demonstrated that more carbohydrate was

provided in response to dropping BG at 20 and 40 minutes, than at 60

minutes,

Post-Exércise Plasma Glucose Responses
Table 4 summarizes the blood values monitored under each of the

three treatment conditions.

‘Mean hematocrit values for the control, low and high days were

54.4 2.8, 55.7 ¥4.0 and 53.1 ¥3.3% respectively. Since

. rr*#w\\ ‘
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these did not vary significantly (%{2,14) = 3.55; p = .06), -it was
considered unnecessary tolalter the p]asma g]ucoée results to account
for plasma volume changes. Accordingly, the mean plasma glucose values
for the control, low and high dayi were 7.3 4.8, 4.8 *1.8 and

6.6 ¥4.6 mM. . These d?fferences were not statis£ica1]y significant
(F(2,14) = 1.06; é = .37). Simi]ari]f,if was found that glycosylated
hemoglobin did not differ significantly on tﬂe three experimentaf days
(.089 +#.014, .090 +.016 and .089 *;014; F(2,14) = .26; p =

7).

Post-Exercise Insulin-Binding Responses
The specific 125I-in5u1infbinding responées to the three

treatment conditions are shown in Table 5.
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Mean Specific binding values for the unfractionated red blood
“cells (U) were 3.85 £.80, 3.95 £.90 and 3.92 £.87% for the

cohtro1, low and high da&s-respective]y. Corresponding'?igures for the
fractionatéd series (F) were 4.78 1,13, 4,85 *1.28 and 5.25
*1.15%?)}A two-way repeated measures analysis of vafiaﬁce revealed

no significant differences across the three treatment concitions
(F(2,14) = .95; b = .41). However, the fractionated samples proved to
have significantly higher specific igsu]in binaing tﬁaé the
unfractionated erythrocytes (F(1,7) = 8.77; p = .02). The sole
exception to this overa11‘trend was subject 3 who -consistently
demonstrated higher specific bindiqg in his unfractionated sampies.

N

These findings are.111ustrated in Figure 2. \\\\
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'FIGURE 2
MEAN INSULIN ERINDING RESPONSES
UNDER CONTROL AND EIGHT HOUR POST-EXERCISE
(MEAN VALUES +/- SD) .
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The percent F fractton recovered on each of the threg experimental
days averaged 4.6 *4.1, 4.7 *3.8 and 5.4 *3.5% (control,
Tow and high days respectively). These did not difyfer significantly
(F(2,14) = 47; p = .63{.. Thus the F fraction comprised the leasfr—*ﬁw
denée (i;e. younge§t) 5% of the total erythrocyte population.
< Non?specific bin@ing (NSB) had a mean value of 2.34 * 50% for
the ﬁ series éna 2.62 *.66% for the F series. Using a two-way
Aseépeated méasﬁres_analysis of variance it was shown that NSB did not
véry wigh treatment conditions (F(2,14i = .25; p = .78) or with the
?raciion of cells assayed“(F(1;7)‘= 3.53; p = ,{O).‘ 1“; o
FOrrelations
" Since the F fraction of red blood cells bound significantlg highér
than ;he U fraction, the former results ;ere used in all correlations.
Pearson correlation coefficients for the control day insulin
binding (F fraction) and age (r = -.10; p = ..41), weight (r = -.24; p =
.éb), and inSUI}n dose expressed both in absolute unit; (r = -.47; p =
13) and units/kg (r = -.41; p = .16} were all non-significant ( &X =
.05, one-tailed t?ﬁgificance testing). i
_Maximum.oxygen coﬁshmption expreésed in 1/min and ml/min/kg were

each correlated separately to the F fraction binding data on the

control, low and high days. Resu]ts from the contrb] day binding and

)
0z in 1/min (r = -.65; p = .08) and mi/min/kg (r = -.39; p = .35) -
both provéd to be n&n-significant]y corrélated. -Ihsulfn biﬁding '

following. the ]QJ exercise f@tensity corfelated ﬁoor‘]y with mV0s when )
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expressed either as 1/min {r = -.58; p = .14) or as ml/min/kg (r =

-.10; p = .82). In contrast, high intensity binding and mv0p

. . '
expressed in 1/min did show a significant correlation (r = -.76; p =
.03). This relationship is depicted in Figure 3. The analogbus.

correlation between high intensity binding and m¥02 as 'ml/min/kq

~ proved to be non-significant {(r = -.58; p = .15).
. _
. FIGUKE I “
RELATIONSHIP BETWEEN mV02 (L/MIN)
AND PERCENT SFECIFIC BINDING OF THE F FRACTIOM
EIGHT HOURS FOLLOWING HIGH INTENSITY EXERCISE
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When the total amount of work performed under low and high -
exercise conditions was corre]aﬁed to the respective F binding
‘fraction, the fallowing results were obtained: r = -.59; p = .13 (low
" day) and r.= -.68; p.= .06 (high day).

Correlations between plasma glucose and F fraction binding over

~

all three experimental conditions produced a non-significant r = -.22;

.31, Similarly, g1y¢osy1ated ﬁemog]obin measured under control and’

P

post-exercise conditions and F'binding correlated non-significantly

with an r = ,19; p = .38.

1.

3

| S——

o

o



CHAPTER V¥

DISCUSSION
X
-The discussion is divided into five sections corresponding to the

results as presented in Chapter IV, 3

Subjects

Most subjects were within or slightly below (suﬁjects 2 and 6)
their ideal hody weight range, with the exception of subject 1
(MetropoTitan Life Insurance Company,-1983). This latter jndividga] ¢
exceeded his proposed upper 1imit by 7.2 ké. Oespite this tendency.
-towards obesity,'subject 1 did not demonstrate ény apparent differeﬁces
in his responses to the treatmént conditions when compared with his
Teaner counterparts. Since it is recngﬁized that obesity is associated
with reduced insulin binddng and sensitivity (Harrison‘et al,, 1976;
Olefsky, 1976; Bar, 1976; DeFronzo et al., 1978), perhaps the extent to
which subject 1 was overweight was.below that requifed to elicit any |
noticeable differences.

The insulin dose ng participaﬁts varied from 3? to 90
units/day with a mean :tQT;§\QijEB/kg/day. fﬂese_va]ues correspond
with the approximate dose of .5 to 1.0 units/kg/day recomfiended by
Skyler etrq]; (1981)...Interesting]y, the two uqderweight subjects
{numbers 2 éﬁd 6) Qere oﬁ‘the lowest insulin doses {.49 and .52
© units/kg/day respectively). While thjS«mightsugge;t.that both

participants were receiving sﬁboptima] quahtitigs gf'insulin, their -

il



82

respective HbA] levels were witﬁin normal 1imit$.and did not support
this hypothesis, |

Maximum oxygen consumption estimates (mean of 38 i7;m17min/kg)
were somewhat lower than those reported by Astrand and Rodahl (1977)
for a comparable group (47.%5 ml/min/kg). It is fea-si‘lﬂe'that the
diabetié group may habe been less prone to engage in regular fitness
act1v1t1es due to difficuities arising from hypog]ycem1c episodes and

the changes in insulin and\91et required.

4 B Acute Exercise Responses
The inability of subject 7 to complete the 75% mV0, workload was
réther unexpected as his predicted mV0, was one of the higher values
at 42 ml/min/kg, and similar problems were not experienced by any of
the other volunteers. The most l1ikely explanation is that his '
predicted mV02 ya5 gverestimated since his mean working heart réfe,
after the exercise intensity was reduced to 67% mVOz,'waslstf]] 166
bpm'cqmpared with the group average of 155 t]1g bbm. Therefore  «
de;piteithe.reduction in reiative intensity, the heart rate implies
that a high level of exertion was maintained.
Mean heart rates for the low (122 8 bpm) and high exerc1se
'bouts (155 %10 bpm) were comparable to those reported in ear]ler
- exencise studies {Oberdisse et al., 1977; Kemmer et al., 1979).
: Compariéon of the 8G ngponseS‘tg the two d%fferent exercise
protocols demonstrated a sﬁgnificént'drop across tiﬁe (p'= .0002).

Mean values at 20

.3 3.5 aM), 40 (4.0 £2.1 mM) and 60 (4.0

t1-.8 mM) minut 4 were each siQnificantly lower than the pre-exercise
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BG value (7-3'*4.3 mM). This frenﬁ occurred- despite the fact that
carbohydrate was administered io p;event BG from falling below 4mM.
Such a response has been we]T documented (Klachko et ai., 1372; Pruett
and Mach]um,l1972; Oberdisse et al.; 1977; Hagan ef a]., 1979) and is
not surprising iﬁ light of the fuel requirements.‘ insulin réfeasé_from
depot sites during exercisg'may also have contributed to this BG
decline by ihhibiting Tiver glycogen breakdown and release. fhe fact
that greater quantities of carbohydrate wére necessary at 20 and 465
_rninute; coﬁpared to 60 minutes (p = .047) supports the findings of
Oberdigse et al. (1977) where BG ‘fell most dramatically in the first‘30
minuteslof activity — ahalagous to thé pattern seen here.

No difference was‘observed in the overall BG means between the low
an& high exercise intensities {p ='?11). This would appear to contra-
dict the research of Klachko et al. (1972} and Hagan et al. (1979) '

-whose studies have suggested that the hjgher the exercise intensity,

- the greater the BG lowering effect. However, interpretation of the
present result is'complicated by the fact‘that the two initial pre-
exercise BG 1evé1s differed (significant time-intensity interaction,

p &£ .05}, and that carbohydrate was provided to prevent risk of hypo-
glycemia. .Consideringlthesezcircumstaqces it would be unwise to

- attempt tq‘dray;anx'cbnc]u§ions concerning intensity effects per sq'on

the acute BG responses. ° ' ) T g -2

+

Hematocrit, Plasma Glucose and Glycosylated Hemoglobin
_ . :
‘The hematocrit values on the cpntrol/and two post-exercise days .
' did.not.djffer significantly {(p = .06).|'If any hemoconcentration did

' e Tibals L T ' i
oc—cu‘t was likely corrected by fluid intake before the subsequent =~ °

-
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eight hour post-exercise blood sample was drawn. Since hematdcrit was
.consistent, no adjustﬁent of plasma glucosé was made.
Thé resu]tant PG levels &id'not show any statistiéalrdiffefehces"
(p = .37), though both post-exercise means (4.8 1.8 mM for the 1oh K
and 6.6 4.6 mM for the-high condition) were.slfghtly 10weh than
the control day mean (7.3 ¥4.8 mM). The rather large variance in
PG between subjects may have contr1buted to the, lack of s1gn1f1cance
" reported. , o . »
Glycosylated hemoglobin did not differ across the three treatment
conditions (p = .77), substantiating'that the degree of 1ohg-term
diabetes contro] was stable throughout thejexperimenta] period. Va]ues
for the contro] day averaged .089 g/1 with a range from .072 to .110
9/1. These were slightly higher than the correspond1ng f1gures quoted¥
by Koenig et al. (1976) for non-diabetics (.055 to .085-g/1), but less
than those reported for uncontrolled diabetics (.120 to .200 g/1) -

(Koenig et al., 1976). Since different laboratories have different f\\\’/,//

norms, the diabetic HbA] results were compared with those from five .;J
non- d1abet1cs evaluated at the same Taboratory (Appendix B). A
. s1gn1f1cant difference was noted (p = .002), confirging that the e#ﬁht
part1c1pants were,npt in "1dea1" control (i.e. equivalent to
~8

non- diabeticﬁ) but were within the usual diabetic range {.077 to 120
g/1) (Ottawa Civic Hospita1 personal commuq;cation)
~ ‘ * . ) ' 4
Insu11n-81nd1hg Re5p0nsesn;'e_ o )
Comparison of insulin binding following the three ‘treatment | |

Coa

conditions revealed no significant differences (_p = .41). Therefore,

+
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‘ the original hypothesig that insulin-binding responses measured eight

1 r
houts after the low and high exercise conditions would d1ffer signifi-

cant1y from that noted under resting cond1t1ons was not supported.

A]though a number of researchers have demonstrated enhanced
1nsu11n binding immediately post- exerc1se (Soman et al., 1978; Koivisto
et al., 1979; Pedersen et al., 1980), few have examined how long Ehis‘

effect persists. Soman et al. (1978) reported a return to basellne

“values by 24 hours, but interim measures were not reported. The

present study suggests that such potential receptor,adaptations (as

monitored by the erythrocyte assay) are not demonstrable at eight hours

_ Post-exercise. The differences in. the control (4.78 %3, 13% SB),

" T
Tow intensity (4.85 *1.28% SB) and high intensity binding responses

(5.25 fl.lS%-SB) did show an 1ncreas1ng trend but failed tonreach

significance, The reason for this may be that the effects 1nduced by

@

‘exercise.are relatively short-lived. Support‘for this comes from

‘glycogen studies‘which have® demonstrated agproximately 83 to 91%

rep]etion(during the first 12 hours of recovery from exercise, but with
the maximal rate occurring during the first four hours (Maehlum et al.,

!
1877; Hermansen, 1980).

Tng, fraction of cells proved to have signif;EEntTy higher

S

specific insulin binding than the unfractionated cells (p = .02). This

|
N,

conf irms the'ear1ier'work of Polychrona t al. (1981; 1982) and
supports the second_hypothesis Stated in C apter 1. This Bigﬁer '
binding tamong the younger fraction of cells may reflect a greater
protein adéntibility which is reddcéd in the more;mature te]]é 1ecking |

*

nuclei. . -
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It is peculiar that subject 3 consistently demonstrated greater
specific binding in his unfractionated samples — contrary to all other

subjetts. Nothing unusual appeared in his non-specific binding values.

“. Perhaps in this individual the younger cells were somehow altered,

damaged or generally less receptive to the insulin molecule. As theée
ce11§ were not specifically e;amined and such/a finding has not been
reported e1§ewﬁere, a clear exp]aﬁation of this phenoménOn is iacking.
- The percent of F fraction recovered on each of the three
experiffiental days did not vary significantly (p = .63), impiying a

consistency in the red cell density (age) distribution (Danon and

Marikovsky, 1964). 1
- Values for the non-specificAinding revealed no statistical

¢

difference between the U (2.34 *.50%) and F series (2.52 t.66%)

(p = .10); indicating that.the separation technique did not.disrupt'the
integrity and binding characteristic; of the younger cells. Comparison
of NSB across treatment conditidﬁs also proved to be consistent, as
expected (p = .78).

A final point worth discussing is the interpretation of the
absolite binding values obtained. Reports from the literature quote
values for healthy male aduits of approximately 7-10% per 3.52 X 109
erythrocytes/ml (Gambhir et al, 1978; Gambhir et al., 1979). Diabetic
values have been variéus]y reported as gither hiéher (Fantus et al.,
1981) or Tlower (Brown et al., 1982} than normal controls. This
h;terogeneity appears to stem from the dégree of metabolic control

attained. When diabetics are insulin-deficient and ketotic the binding

may be enhanced (Fantus et al., 1981}, whereas adequately controlled
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&iabétics seem to undergo a down-regulation phenomenonvfe]ated to
peripheral hyperinsulinemia (Brown et al., 1982). Results from the -
“diabetics in this ‘study (4.78 *1.13% S8 per 4.0 x 1
erythrocytes/ml1) suggest that down—redu]atiog has occurred, since:
comparative values from both the literature (Gambhir_et.a]., 1978) and

from the five non-diabetic wolunteers (7.14 *1,60% SB, Appendix B)

are substantially greater (p = .009).

- . Carrelations

\ .

. \\CorreTations between F fraction binding and the subject ?

characteristics of age, weight and insulin‘do;e all proved to bé
non-significant. While others have found 1mportang_negative
relationships bet#een these parameters (Pedersen, 1984}, the aﬁove
results may reflect the limited ranges of the variables (i.e. a“span of
| only 10 years for age), as well as the small number of subjects _
stgggéa. ‘Despite this lack of significance, each of the apové factors
was related in a.negative sense to insulin binding. It has been
hypothesized that a Eeductioh in receptor number may be responsible for
tﬁese trends (Harri%én'et al., 1976; Bar et.a1.,'1976; Brown;et al.,
1982).
Correlations involving F fraction.binding and mV02 data produced
"~ rather jnterestfng findings. Whenever the weight factor was removed
from the mV02 expression (mV02 in 1/min versus mv02 in m1/min/kg)
the correlatjon coefficient was reduced. This suggests that body
weightxsomehow contributes to the binding response. It is known-tha£

elevated levels of body fat are associated with reduced bind\ng
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(Harrison- et al., 1976; Bar et al., 1976). Therefore it ‘may be this
particular aspect of the body weight terﬁ that maintains a §1ightly
‘stronger correlation when mV0» i5 expressed in 1/min.

ATl cderelations of binding with mV0; yere neggt}-ve and
ﬁon-significant with the-;;;eption df F fraction binding following high
intensity exercise and V05, in 1/min (r = -.76; p = .03). This
indicates that the more aerobically fit the individual, the lower tﬁe
'reqeptpr binding eight hours after the intense exercise bout (or ' ~
converSeiy, the less fit the individual the higher the binding eight
hours post-exercise). Although Koivisto et al. (1979) have reported
a simi]aé inverse relationship between mv02 and imﬁédiate |
post-exercise binding walues in ath1etes,‘subjects'%n the prﬁsent study’
were untrained. Why this relapioﬁship should prove to be sfgnificant
following the high intensity activity only is not entirg1y clear.
Factors known to influence binding, {ketone bodies, horménes, PH etc.),
may have varied as ‘a result of thé differeﬁt treatment conditions. For
, example, the more fit individuals may h;ve experienced less
post-exercise ketosis under the high intensity conditions than their
Tess fit counterparts. Sinéé ketoﬁé bodies induce elevated receptor
binding IPedersen,’1984) this could theoretically account for, the
negative correlation seen. Finally, this correlation .may have been due
to chance. Additional research involving a larger sample size might
help ta clarify this.re1ationship.
| , A]though PG was negative1% correlated with, binding as pré&iously

reported in some sensitivity studies (Soman et al., 1978), it proved to

be. non-significant (r = -.22; p = .31). Pedersen et al. (1980) also




D

- 89

failed to démonstrate.any relationship between glucose levels and

erythrocyte binding. Therefore despite the presumed link between
binding and tissue sensitivity to glucose uptake, circulating PG alone

cannot be expected to predict binding changes.

The last correlation considered qu that of HbA; and binding. A

-

tower ‘HbA] jndicates better control which is usually maintained by

i

peripheral hyperinsulinemia. Down-regdlation of receptors would be
expected with high insulin levels. The positive correlation obtained
{r = .19} p = .38) supports this line of feasoning, however the small

range among HbA] yalues may have precluded the demonstration of a

significant correlation.



CHAPTER VI

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summaqib

The "purpose of ‘this_study was to determine whether or not exercise
of varying infensity would alter the post-exercise insulin-binding
responses in ma1e ihéu]in-dependent diabetics eight hours after the
comﬁletion of aCt%vity. It was also the intent to compare whether or
not insulin-receptor binding ta Fhe entire erythrocyte population would
differ from binding to the youngest (least dense) fractions of_theée
cells. It was reasoned that the fall in g]ycemia.during'the
post-exercise hours amdng'fnsu1in-dependent diabetics. (Caron et al.,
1981) would be related, to an enhanced insulin sensiti?ity (Maehlum et
al., 1877; Henﬁansen, 1980) reflected in binding adaptations in' the
_erythrocyte model.

Eight adult male insu]in-dependent diabetics wére”monitoréd_uhder .
three treatment conditions — a contrgl day (no exercise), a low
_iﬁtensity exercise day (60 minutes of continuous c}c]ing at a workload
corresponding to 45% mY02) and a high intensjty exercise day (60 -

minutes of intermittent work/rest intervals at a workload representing
75% mV0). Post-exercise blood samples were drawn eight hours after

the exercise was completed.

. The acute response to both exercise protocols was a lowering of

blood glucose, but this effect did not remain in evidence when followed

//
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up eight hours later. No significant differences in insulin binding
were found bétween the control and two exerﬁise conditions. However,
binding %o the youngest fraction of erythrocytes did prove to be
significantly greater than bina?hg_to the entire blood cell population.
Finally, a significant negative korre]ation was demonstrated between
mY¥0y expressed in 1/min and binding to the fractionated erythrocytes

measured eight hours after high intensity exercise.

Conclusions
'(;;;;;\zzithe findings of this research the following may be

concluded:

1. A significant dec]ine‘;h-blood glucose.occurs in reasonably
well-controlled insu11nldependen§,d1abetjcs dufing exercise of
45% m¥0, (60 minutes of continuous activity) and 75% hvﬁé
{60 minutes of intermityent work/rest activity, 30 minutes
total work). Furthermore, this drop can\bé detected as early
as 20 minutes into the activity. - ) .

2. Plasma glucose values measured in dﬁ§s1in-dependent diabetics
eight hours foliowing low intensity (45% m¥02, 60 minutes) |
and high intensity exercise (75%'mV02, 30 minutes) tend not
to differ significantly. from each other or from control day |

values.
3. Exercise of either 45% mvV0s (60 minutes) or 75% my02 (30
minutes} does not significantly alter the insulin-binding

responses on erythrocytes in male insulin-dependent diabetics
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eight hours following compietion of activity. Since glucose
turnover was not assessed in the, present study, broader
interpretations concerning post-exercise insulin sensitivity .

can not be made.

The youngest (least dense) fraction of erythrocytes

- demonstrates markedly higher insulin-receptor binding as

compared with the entire er%}hrocyte population. Though not

definitive, this pattern accomodates the idea that change at

" the receptor level may involve some form of protein

adaptation. . 1

Fractionated cell binding in insulin-dependent diabetics
measured eight hours after a bout of high intensity exercise
(75%.mV02; 30 minutes) c0ﬁre1ates significantly, in a

negative sense, with mV07 expressed in 1/min. This, inverse

relationship associates lower binding at eight hours
poﬁt-exercise with higher physica1 fitness levels. The

signifiéance of thjs is currently unknown.

Recommendations

In view of the outcome of this study, the following

1.

LY

recommendations are proposed for further research:

If a similar study were td be undertaken it is suggested that

the measurement of insulin-receptor binding to ery%ﬁiocytes be
accompanied by a technique directly evaluating in yfvo fnsulin

sensitivity (i.e. the_ euglycemic clamp technique). The
L h »



alternative of obtaining muscle samples for glycogen analysis
and insulin-receptor studies would likely be difficult to

accomplish on ethical grounds.

. Expansion of the experimental design to include serial time

samples from comp]etioﬁ of the exercise until baseline values
were re-established could systematically determine the duration
of post-exercise receptor and sensitivity changes.

In 1ight of the unexplained significgnt correlation between
post-high exercise intensity binding ang mv0p (]émin),
additional research specific to these varfab]es may be

warranted. Obtaining a larger sample size with a greéter range

of mV02 values might help to elucidate this relationship.
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APPENDIX A

EXPERIMENTAL DATA

- Table Al  Low Exercise Intensity Conditions

Table A2  High Exercise Intensity Conditions

-

Table A3  Control and Eight Hour Post-Exercise Blood Values

Table A4  Insulin-Binding ﬁ?ta
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. Since insu]in-binding va'lues can vary con51derab1_y from one _ { *
research group to another the fo]]owmg data have been 1nc1uded SO S
that the resul ts based on the techmque used in this study would be . .
avaﬂab]e for both diabetic and non-d1abet1c popu]atmns. Table Bl -
represents the .individual subJect charactemstms; means and standard
deviations obtained under resting conditions from five non-diabetic .
. ‘ . . ' Fr . .y
_ - volunteers.
oL ] ‘ '
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Selected statistical analyses were carried out on the above ‘ -
fnsan'-bindi'ng data for the purpose of comparison. with that'presented
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.t = 1.32;‘p = .21). The percent F recovery was similar -

o m

L o

- - ' ' —

in Chapter IV,

~

As- with the diabet1c group the F fract1on of erythrocytes from the ,w_(. .

non-d1abet1cs bound- signif1cant1y h1gher 1nsu11n (7 14 +1 60% SB)
than the correspund1ng unfractionated red b]ood ce11 samples (4.46 -
+.85%-SB) (t(4) = 5.36; p = .003; one-tailed test). In |
addition, the, non-diabetics proved to have 51gn1f1cant1y higher F SN
fract1on b1nd1ng under contro] conditions (7.14 %1, 60% $B) than d1d
the diabetics (4.78 +1,13% SB; t(11) = 3.14; p = .009).

Under the same resting conditions the unfractionated binding samples:

~ did not differ significantly between the two groups (4.45'*.85% SB

for the non-diabetics and 3.85 %,80% SB fdr the diabetics,
befhgen both groups (4.1‘*2.3% for the non-diabetics and‘@.ﬁ ’
4,1% for the diabetics, t(11) = -22- p - .83), as was the
pec1f1c binding (2.52 *,34% for the non-diabetics and 2. 42
?;B; for the diabetics, t(ll) = .59; p = .56).
0f all.the other parameters in Table 81, on]y the'HbAi‘va]ues
differed significantly (X = .05} between the‘non—diabetic.(.OES
*fﬁbﬁfg/]) and diabetic groups (.HEQ *i0lﬂég/1)(t(11)-=

3.60; p = .002).
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Waights at

ages 25-59 based
on lowest
mortality, Weight
in pounds
accofding to

s+ frame (in indoor
clothing weighing
5 Ibs., shoes with
1" heels).

Source of basic
data: 1979 Buiid
Study, Society

of Actuaries and
Association of
Life Insurance

. Medical Directors
of America, 1980,

- 2

Weights at

ages 25-59 based
* on lowest
martality. Weight
in kifogramg
according to
frame {in indoor
clothing weigbing
2.3 kas., shoes with
2.5 cm heels).

- Source of basic
dota: 1979 Ruild
Study, Society
of Actuaries and
Association of
Life Insurance
Medical Directors
of America, 1980.

’

4

w

.1_983‘Metropo|itan : -
Helght and Weight Table for Men

Ft. |

Height

Small

nch., Frams

Madium arge

ooOooOouImmatn it

AwNwOZZonunaWR

128-134
730-136

134-140
136-142
138-145
140-148
142-151
144—154
146-157
149-160
152-164

158-172
162176

132-138

155-168.

- Frama “’,:,’ |Tar.nn

131-141
133-143
135~145
137-148
139-151
142-154
145-157
148-160
151-163
154--166
157-170.
169-174
164-178
167~182
171-187

138-150

142156
144-160
146164
149-168
152-172
155-176
158—180
161-184
164-138
168-~192
172-197.
176-202

1404153

181-207 |

Y

"

Height
Cms.

Small
Frame

‘Medium
Frame

Large
Frams

158

160
161
162
163
164
- 165
166
167
168
169
170
7
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
. 190
191
192
193

159"

§8,3-61.0
58.6%-61.3
£9.0-61.7,
59.3—62.0
59.7-62.4
. 60.0-62.7
60.4-63.1
60.8--63.5
61.1-63.8
61.5-64.2
61.8-64.6
62.2-65.2
62.5-65.7
62.9~66.2
63.2-66.7
63.6-67.3
'63.9-67.8
64.3-68.3
64.7—68.9
65.0-69.5
65.4—70.0
65.7=70.5
66.1-71.0
66.6—71.6
67.1=72.1
. 67.7-72.7
.68.2-73.4
68.7—741
69.2—74.8
69.8—75.5
70.3-76.2
70.9-76.9
71.4-71.6

"+ 72,1-78.4

72.8-79.1
73.5-79.8

59.6-64.2
59.9-64.5
60.3-64.9
60.6--65.2
61.0-65.6
- 61.3~66.0
61.7-66.5
62.1-67.0
62.4
62.8-682
63.2-68.7
63.8-69.3
64.3-69.8
64.8-70.3
65.4-70.8
165.9-71.4
66.4-71.9
66.9-72.4
67.5-73.0
68.1-73.5
68.6-74.0
69.2-74.6
69.7-75.1
70.2-75.8
70.7-76.5
71.3-77.2
71.8-77.9
72.4-78.6
73.0-79.3
73.7-80.0
74.4-80.7
74.9-81.5
75.4-82.2
76.1-83.0
76.8-83.9
77.6--84.8

62.8-68.3
63.1-68.8
63.5~69.4
63.8-69.9
64.2-70.5
64.5-71.1
64.9-71.8
65.3-72.5
65.6-73.2
66.0-74.0
66.4=74.7
67.0-754
67.5-76.1
68.0-76.8
63.5~7715
6%:11-78.2
69.6-78.9
70.1-79.6
70,7-80.3
71.3-81.0
71.8-81.8
72.3-825
72,8-31.3
73.4-84.0
73.9-84+7
745-85.4
75,2-86.1
75.9-86.8
76.6-87.6
77.3-88.5
78.0-39.4
78.7-90.3
72.4-91.2
80.3-921
81.2-93.0
82-1-93.9
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-



£ A T

 STATEMENT OF INFORMED CONSENT

",

PROJECT TITLE: The Effect of Exercise Intensity on Metabolic '

‘ . ' and Insulin-Binding Responses in Male Insulin-

A - Dependent- Diabetics. - ' -
RESEARCHERS: Gayle Ekstrand, Graduate Student

—Michael Booth, Ph.D., Researqher‘Advisor

N *

This thesis project will investigate the duration, and com~-
parée.the metabolic and insulin-binding responses of male insulin-
dependent diabetics following activity of low and moderately high
intensity. The anticipated research benefits include increased
knowledge of the effects of varied exercise intensity -on post-
exercise diabetic Control, and insight into the possibility of
acute exercise-related insulin receptor adaptation.  Ultimately
it is hoped that such information can be used to provide more
practical guidelines regarding exercise for the active diabetic.

I understand-that in volunteering for this study I will
submit to the following procedures. . On three separate days T
will report to the Diabetes Research laboratory at 6:30 (fasting)
at which time 'a blood sample will be drawn from the antecubital
. vein (20 ml). On two of the evenings immediately preceding these
morning blood samples, I will participate in a bicycle exercise
protocol. A submaximal bicycle test will be performed on both
these occasions to. predict the mZﬁimal oxygen -consumption. This
will then be followed eéither by the low inténsity workbout con- -
tinued for 1 hour at approxi ely 40% maximal oxygen consumption
(roughly corresponding to a heart rate of 120 bpm), or by the
high intensity workload performed in work/rest intervals over a
1 hour period. (This latter load will represent 75% of maximal
oxygen consumption and will“correspond to a heart rate of approxi-
mately 160 bpm). The total amount of work completed on both
evenings will be the same. The order of the exercise and control
(non-exercise) evenings will be randomized. ECG heart rate moni-
toring will be carried out duringall activity sessions. Iteis
anticipated that I may wish to reduce my normal insulin dosgi'br
increase my-diet on the exercise days. The manner in which insu-
lin and diet are manipulated is best discussed with a medical doc-
tor as the regime established on the first day should be followed
on both subsequent experimental days. ‘ '

As with other forms of physical activity there are certain
risks inherent in this study. Infection, bruising, muscle sore-
ness, muscle strain, /Aypoglycemic reactions, hyperglycemia, and

exercise-induced cardiovascular complications are possible. How-
' ever precautions will be taken to minimize these risks.



-
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I realize that in volunteering for this project all personal
data will be kept confidential. General findings of the study will
be provided upon request, and an opportunity to discuss personal
results will be offered on an individual basis. -

. I, °° ' ’ , have read this docu-
ment and understand the nature and risks involved in this project.
I have had the opportunity to discuss any questions with the re-
searcher, Gayle Ekstrand, and agree to participate in the study,

I am aware that I may withdraw my consent or discontinue partici~"
pation in this research at any time. LA

)

Signature of Volunteer Subject

Signature of Witness_

S Daf_e A . . R

ot



' Dear Doctor, . S - S .

e o me s

_ I have recently expreééed interest in parﬁicipating in a
graduate research project being conducted by Gayle Ekstrand,
Department of Kinanthropology, University of Ottawa. The study

© will investigate the duration, and compare thé metabolic and in-

sulin-binding responses in male insulin-dependent diabetics
following acute exercise of varying intensity. :

The désign of the study is such that I will report to the

- Diabetes Research labgratory at 6:30 on three mornings atiwhich
- time a fasting blood sample will beé drawn. On two of the "evenings

immediately preceding these morning blood samples, I will par-
ticipate in a bicycle exercise ‘protocol. A submaximal bicycle
ergometer test will be performed on both these occasions to pre-
dict maximal oxygen consumption. This will then be followed:

. either by the low intensity workbout continued for 1 hour at ap-

Volunteer .Subject:

proximately 40% maximal oxygen consumption (roughly corresponéing
to a heart rate of 120 bpm), or by the high intensity workload
performed in work/rest intervals over a 1 hour period. (This
latter work load wilw %epresent 75% of maximal oxygen consumption
and will correspond to a heart rate of approximately 160 bpm). ‘
The total amount of worK completed'on both evenings will, be the'’
same. The order of the exercise and eontyol (non-exercise) eve-
nings will be randomized. ECG heart raté momnitoring will be
carried out during all activity sessions. . Fasting morning blood
specimens will be analyzed for glucose, glycosylated hemoglobin A,

and specific insulin receptor binding to erythrocytes.

It is recognized that exercise usually necessitates .a reduc-
tion in insulin dose, an increase in dietary intake, or both. Ac-
cordingly it is hoped that medical advice can be offered regarding-
modification of the normal diet and insulin regimen so as to pre-

-vent possible episodes of hypoglycemia following the two exercise

evenings. ‘(Although'it is preferable to avoid this situation,
glucose will be readily available should hypoglycemic symptoms
or blood glucose values of 60 mg% or less occur.,) : .

In order that I may be considered'eligible for this research
project. I would greatly appreciate it if you could complete the
enclosed form. : ‘ n

If yoh should have any questions please feel free to contact
Gayle Ekstrand(home: -235-8660/Lab: 231-6543.)

Sincerely,‘ ‘ : s




120 =

- Having acquainted myself with the_nathre of this study,
and being familiar with the medical status of

o
l"%’
¥ Lohn!

I cons;der this 1nd1V1dual to be in ‘adequate diabetic control,

. W1thout serious dlabetlc or other compllcatlons, and to be capable
of participating in the described project without undue risk,.
Modification of the normal insulin and dietary pattern- Ln light

‘of the exercise 1nvolved 1n this project has been dlsquss=d with
. the potential volunteer..

Witness - - Physician

Date " Date

ey
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' RECORDING SHEZT
Nane‘ ‘ ' . '  ‘I. Date}. ) )
Eiﬂ'_ Day Immediately\?rior todayl . . ' - o '\,

1 day Imediatelyl.’rior to-Day 2

1 Day'Ifﬁ_mediate]y Prior to Day 3

Please check off the zppropriata tox above. and ccmpiete this farm as g
accurately as possible - include all relevant details. MNote zhat an Days 1,
2, 2and 3 you are to come to the labcratory fasting anc witheut naving &
injected your insulin dose. You are requestad o refrain “rom smoking ing
consumption ¢f caffeine cn the mornings of Days 1, 2, and 3. In additien,
_you arz reguestad-not to participate in any pnysical axa2™ion zn the cay

- immediately precading each experimental day. Your cooperaticn in thess
matters is verv much appre¢iated. : '

* INSULIN REQUIREMENTS | - .o

Time of insulin injectidn(s)

Site of insulin injection(s)
Type of insulin(s) ’ . ‘ . ‘3\5

Dose of insulin{s}

o .

DIETARY AND. ACTIVITY PATTERNS

. T ime Descripticn - Quantity Activity
Breakfast o : » e

“

a.m. Snack

Lunch



! N o .
2. - S : A
DIETARY AND ACTIVITY PATTERNS , '
) o ; fime Jdescription. .~ Quantify , Attivity'
p.m. Snack : .
. Dinner |
S pam. Snack . : : K

List below any QTHER FACTORS that. wou.f2el mey have affzc
~control today. - (i.2. medicatisn cther than insulin, asmot
infection ....) . R S Lo '

24 ycur diabetic
oris, illness,

-
-
]

L .
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-+ ABSTRACT

hrDespité-the‘drowing_iﬁterest ih physica]'aetivity'and
inSuliﬁ:receptor research, 11ttﬁe is .known of fhe post-exercise
insulin-binding responses in 1nsu1iﬁ-dependent diabetics.

To s;udy'thié; eight untrained ma1; insuli -&ependent diabetics

(mean éE;Jof'ZS years) participated in three treatment éonditions -2
. control 4§y and two post;éxefcise days.: The exerﬁiselprotoc015

_ consisted of gither fow 1nten§1tj {60 minutes of continuous cycling at
45% m¥02) or high intensity bicycle activity (60 minutes of |
intermittent work/rest cycling at 75% mV0z). Post-exercise blood
samples were drawn ﬁjght hours after completion of the exercise.

It was hfpothesized that the post-exercise insulin-binding
responses would differ signifi;aniiy from values obtained on the
control day. In addition, 1t‘wa§ postulated that binding to the
youngest fraction of erythrocytes would be greater  than that 1nvo1v1n§
the entire erythrocyte popuiation. ' :

The results indicated no differences in receptor binding across °
treatment conditions, although the youngest fraction of cells did
demonstratg_pigher specific binding than did the total red blood cell.
population. A significant negative correlation between mV0; .
expressgd‘in 1/min and Eeceptor'binding following the high intensity
protocol was noted. In addition; exé}cise caused-a.significaﬁt dFOp in
blood glucose during the 60 minutes of activity, hdwever‘this effect '_ B~

did not persist when re-evaluated eight hours later.



*

It was tonclﬁded.tha;”éxergj§e of the intemsities examined -does
inbt_céusb notablé changes in ihsu]in-rq;eptor binding to erthrocyﬁesf- R
' eight hours pqsthiercise in inshIin-dependeht diabetics. Tﬁe |
‘: significance of this to potential.insulin.sensitivity éhange; cannot be
_assessed from the present study. Binding to the yqungest'enythfocyteé_
. ,T‘ is significantly greater than to the éntire red blood cell distribution
-— perhaps reflecting a greater adaptéﬁilify. Fiﬁ;ii;; the unexplained
correlation between m¥Dz (1/min) and the binding response foliowing
. high'fntensity exercise emphasise; the need for additional research in

this field.

g





