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ABSTRACT

since the discovery of the hormone (Bonting ond Best, 1922), extensive research
on insulin lias been going on. Insulin is important not only in relation to carbohydrate
metabolism, and thus in relation to diabetes mellitus, but also as one of the important

hormones In protein and fat metabolism

There is much evidence showing an impairment of insulin action in stress, whether
the stress is physical or psychological. The way in which insulin resistance develops
and its effects on metabolism may vary in different stress situations. This work investi-

gates three forms of physical stress ond attempts to show the role of insulin In each of

these situations. The and clinical i icati of this problem are discussed.

First, the effects of surgery were studied in eleven patients. Their mean oge
was 52 years, meon weight was 68 kg, and mean % ideal body weight was 94%. A
nitrogen blance study showed that the negative balance after surgery coincided with

elevated levels of plasma nol ified fatty acids, -chain amino

acids, urinary free cortisol, urinary 17-OH-corticosteroids and with a decrease of total

plasma amino acids. A temporary insulin resi occurred in post-surgical patients,

shown by hyperglycaemia and hyperinsulinaemia during a two hour glucose infusion.

The clinical significance of hyperglycaemia is discussed.

The second study was of twenty nine obese patients (fasting blood glucose ~6.11
mmol/l). Their mean age wos 40 years, mean weight was 109 kg, and meon % ideal
body weight was 166% (ffom 115% to 233%). These patients showed on average an
impaired response to the oral glucose tolerance test (oral G TT), intravenous glucose

tolerance lest (iv GTT) ond intravenous glucose insulin tolerance lest (iv GITT)



for insulin sensitivity. This impairment was related to hyperinsulinoemia which followed
glucose administration (oral or iv). These obese patients seemed to fall into two groups
those with % ideal body weight « 160% showed impaired tolerance to glucose but rela-
tively normal plasmo insulin responses; those >160% showed marked hyperinsulinaemia.
It is suggested that these responses represent those of ‘active' and ‘passive’ obesity, but

that the former may include a pre-clinical stage when insulin sensitivity Is very high.

Thirdly, twenty three geriatric patients (fasting blood glucose ~ 6.11 m mol/1)
-were studied. Their mean age was 79 years and mean weight was 56 kg. These patients
also showed an Impairment in the oral G TT, Iv GTT and iv G ITT. The impairment was
greater than that found in obese patients. Insulin response to glucose administration
(oral or iv) was sluggish, but the actual levels of insulin were not significantly lower
than those found in young normal subjects (except for the peak value during iv GTT).
The major cause of impaired glucose tolerance was diminished insulin sensitivity,
either in the peripheral tissue, or, more probably in the liver, resulting In relative
inability to switch'off glucose output. An Intravenous alanine tolerance test was
carried out in eight elderly subjects (mean age was 78 years, mean weight was 52 kg),
to assess gluconeogenic capacity of the liver, and again indicated the relative inability

of endogenous insulin to suppress glucose production.



INSULIN AND GLUCOSE HOMEOSTASIS



CHAPTER 1

INTRODUCTION

A. Hittofy:

Insulin it a hormone which it traditionally associated with diabetes mellitus.
Although thit hormone was discovered not more than fifty years ago (Banting and
Best, 1922), the disease itself had long been recognized. It was first described by
a Roman physician, Aretaeus of Cappadocia, as "a moist and cold wasting of flesh
and limbs into the urine” (A.D. 30 to A.D. 90). 'Diabetes’ it a Greek word
meaning 'siphon’, ond is descriptive of the body siphoning away through the urine
It was a dreaded disease ond remained so for many years to come. Avicenna (lbn
sina) a famous Arab physician (930-1033) (Fig. 1). gave a very complete descrip-
tion of the disorder, including some of the complications, such as diabetic gan-
grene, furunculosis, phthisis, and also the presence of a honey-like substance in
the patient's urine. But many centuries before Aretaeus and Avicenna, old
Chinese, Japanese and Hindu writings indicate that the disease had long been

known to these peoples also.

The observations of Thomas W illis (1682) of glycosuria in urine however,

marked the beginning of a naw era when ia was

an
diagnostic test for diabetes mellitus. Brunner (1683) observed in animal experiments
that polyuria and polydipsia occurred after removal of the pancreas, but it was
Cawley (1788) who prol-abi/ was the first to associate diabetes with the pancreas
when he found multiple calculi end destruction of pancreatic tissue at an autopsy

of a patient who had died from diabetes.



Figure *. An old voodout of Avicenna (ibn Sina) (950 - 1033).
(Courtesy of the Royal Society of Medicine, London).
(Clvitard i«ioin3






Insulin is produced in the islets of Longerhdns, named after Paul Langcrhcns

(1869) who first them and ibed their

in the

tissue of the pancreas. Their function and significance were then however still

unknown.

The metabolic relationship between diabetes mellitus and the pancreas was
clearly shown by Von Mering and Minkowski (1890). They found that pancreatec-

tomy on dogs

hypcrgly and gly and the dogs finally died in
ketosis and coma, Iheir conclusion was that the ponereus elaborates o substance

that keeps the blood sugar low and restores the metabolism to normal.

The whole world owes Its thanks to Frederick Banting and Charles Best (1922),
who discovered "the blood sugar lowering substance" now known as insulin. Their
discovery led to the therapeutic use of insulin, thus saving thousands of lives, and

has opened the doors to the possibility of its ultimate synthetic production.

It was not long before Abel (1926) achieved the crystallization of the hor-
mone, but over twenty more years passed before Sanger and his co-workers succes-
sfully pioneered the study of the sequence o f amino acids in the insulin molecule

(Songer, 1949; Ryle, Sanger, Smith & Kitai, 1955).

since its discovery and especially at present, extensive research on insulin
has been going on in relation not only to diabetes, but also to wider aspects of

body metabolism. Insulin is, no doubt, the principal hormone in carbohydrate meta-

bolism, but it is also on equally important hormone in protein (Manchester, 1970)



and In fat metabolism (Avruch, Carter and Martin, 1972), This gives a significance

much wider than the specialised limits of diabetes. In particular, since insulin has
a central role In the disposal of energy and in synthesis of protein. Its relationship

to short and long term nutritional status is receiving increasing attention

B Insulin and Its Structure
Insulin is produced and stored in the pancreatic islets of Langcrhons (Mclcod,
1922). There is no evidence that It Is produced normally elsewhere in the body

(Beil, Jephcott and Scott, 1932). Although in some very rare cases it is produced in

non- pancreatic tumours (Shames, Dhurondar and Blackard, 1968; Omenn, 1970).

Insulin is a polypeptide, and consists of two parallel chains of amino acids.
They are the A (acid) and B (basic) chains, and are joined to each other by two
disulphide bridges. The third disulphide bridge is connecting two cystelrvmoleculcs
within the A chain (Steiner, Kemmler, Clark, Oyer and Rubenstein, 1972). Although

the il amino,ocids

1 of insulin differs somewhat from one species to another,
this two-chain structure and the relative positions of the three pairs of disulphide bridges

ore constant structural features (Fig. 2). Several kinds of experimental evidence
indicates that these bridges are essential to the normal structural integrity and biolo-

gical activity of the hormone (Humbel, Bosshard and Zahn, 1972)

Insulin is derived from o larger single polypeptide precursor, ‘proinsulin’ or
‘big insulin®. In proinsulin, the A and B chain of insulin are joined in series by a
further sequence of omino acids (the C-pcptide), thus forming a continuous chain,

with the some three pairs of disulphide bridges as in insulin (Fig. 3). (Oyer, Cho,















Peterson and Steiner, 1971). Proinsulin is synthesized in the O-cell and is then

cleaved within the O-cell by proteolytic action into two-fragment insulin and

C-peptide (Clark, Cho, Rubenstein and Steiner, 1969).

Some proinsulin is released with insulin Into the circulation and although

cross reacting with insulin ontibodies. It does not appear to be a serious source of

error In insulin i

i il in is also bio i active,
although its effectiveness is only between 2 to 20 per cent of the biological

activity of insulin (Rubenstein and Steiner, 1971)



CHAPTER I
GLUCOSE HOMEOSTATIS
A.  Energy Bolonce
Energy balance in man it a complex and highly integrated system of supply
and utilization of energy, derived mainly from carbohydrate, fat and protein.
The metabolizable energy of these nutrients is linked with requirements through

energy couplers such as high energy eg

triphos-
phate (ATP) and reduced forms of coenzymes, particularly reduced nicotinamide
adenine dinuclootide phosphate (NADP + H+). In muscle, creatine phosphate has

a specialized short term role in energy storage. This system of intermittent supplies

and continuous but variable demands involved the deposition of nutrient stores
during periods of excess fuel intake, and conversely, their mobilization in periods
of dietary nutrient deprivation

Hormonal control has on important function in this regula-

tion of fuel supplies. Under normal ci insulin action

during
exogenous fuel excess (just after ingestion of food), whereas contra-regulatory hormones
become operative during the fasting phase, when energy has to be mobilized from

endogenous stores.

Carbohydrate, fat and protein from exogenous sources are hydrolysed end
absorbed within the gastro-intestinal system. The major endogenous fuel stores are
in the forms of gycogen in the muscle and liver, triglyceride in adipose tissue, and

if all fails, protein in the peripheral muscle. The main function of protein however,

is to form the structural, al it of cells



B. Glucose os on Energy Source:
Most tissues in the body use non-esterified fatty acids (NEFA) as their main
source of energy to generate ATP. But there are several tissues which are dependent

on glucose. They are divided into two groups:

1. Tissues which oxidize glucose (rich in

a. The broin and nervous tissues: The reason why these tissues do not
use NEFA as their energy source Is not yet clearly known. In
these tissues, glucose is oxidized to pyruvate and some ATP is
generated, then pyruvate is oxidized further to CO2 1° «1®
mitochondria with much greater ATP generation.

b. Red muscle Although NEFA comprise the main fuel for red
muscle, this tissue is able to use glucose also, and oxidises it
completely to CO2, thus generating the maximum yield of ATP.

2. Tissues dependent on glycolysis (mitochondria absent or deficient):

a. Red bipod cell: This tissue does not have mitochondria, and
glucose can, therefore, be oxidized only to pyruvate. This
oxidation is coupled with the reduction of pyruvate to lactate.
Lactate is then transferred to the liver where it is converted
back to glucose. Only small amounts of ATP are generated
(2 moles per one mole of glucose) in oxidizing glucose to
pyruvate, but recycling of pyruvate through lactate and the
Cori cycle increases the energy yield of glycolysis consider-

ably (see Chapter 11l C. on Cori cycle).



Whit« muscle during exercise: This tissue doc* not have
enough mitochondria for the complete oxidation of glucote.
During exercise, therefore, lactate I formed in the red
blood cell*, and thi* lactate I* then alto Irantfcrred to the
liver to be converted back to glucose (*ee Chapter Il C.

on Corl cycle).

C. Fate of Exogenous Glucote odded to the Blood Circulation:

That "carbohydrate given by mouth can be converted Into fat by the meta-

bolic processes of the body is now an accepted foct"(Macdonald, 1967). Whether

the tissues are glucose or NEFA

or whether ilization of
fuel stores involves glycogen or triglyceride, all may therefore, indirectly or

directly be derived from dietary carbohydrate. However, the immediate fate of

dietary glucose or of the glucose load during oral or Intravenous glucose tolerance

tests is much less certain.

In man there Isa little comprehensive evidence on this question. Some

suggested that up to 50 per cent of the ingested carbohydrate (oral) is taken up by

the liver (Ensinck and Willioms, 1972). This figure, however, is very likely to be

too high, since offer a glucose load, gluconeogenesis is suppressed in the liver
(Madison, 1969) and studies on the rate of disappearance of glucose after oral or
intravenous glucose load without using radioactive glucose tracer could be mis-

leading. Thus experiments on rats. In which the orally administered glucose inclu-

ded a tracer dose of "*C-glucose, showed that after 180 minutes only 15 to 18 per

cent of the ingested glucose had been taken up by the liver (Curtis-Prior, Trethewey,

Stewart & Hanley, 1969; Jcffcoate and Moody, 1969). However, even 15 per



cent uptake by the liver meant that thi* organ is disproportionately active (relating

to weight). It is instructive to look at some of the other organs in the same way and

to compare intravenous and oral administration of glucose (Table 1). The data are
from on experiment of Curtis-Prior ct. ol. (1969). In this experiment an intravenous
dose (750 mgAg) and an introgastric dose (1500 mgAg) of glucose weie given to

rats, in each case together with a tracer dose of (U - ~C) D-glucose. The results

are summarized in Table 1

The data in Table 1 »how the amount of rodio-active counts In each organ,

therefore, they may not necessarily be that of glucose. It could be in the fcrm of

glucose products (e.g. glycogen, pyruvate, lactate). A correction figure for
recycling is not Included. Nevertheless, they provide us with a fair picture of the

fate of exogenous glucose once it enters the circulation.

The body composition of a normal man may not necessarily be the same as

that of a rat. Table 2 shows the normal body composition of a normal male,

lighing 70 kg.






Table 2

Normal body composition of 4 70 kg male

Tissue
skeletal muscle
Blood
Adipose tissue
Liver
Alimentary tract

Brain

Derived from Munro (1969"

Olesen (19651

% of body weight

45.0°

Johnston and W hillis (1954)



D. Mointenonce of Blood Glucose Level:
1. Bowl glucose level*:

During fasting, exogenous glucose Is not available, and since there Is
always a certain demand for glucose (see Chapter Il B.), the body provide it by
mobilization from stores (glycogen) and by gluconeogenesis. ~Cahill, 0970),
summarised the substrate and hormone changes during a 24 hour fast in a normal
man, 70 leg In body weight, with a o.ly energy e of 7.5 N joules/day
(1800 calorle/doy) In Fig. 4 .

During this period of fasting, about 180 g of glucose is produced by the
liver and enters the circulation. Most of this is ‘new’ glucose which is derived
from amino acids (75 g) from the muscle. While recycled rather than ‘new’
glucose is derived from pyruvate and lactate (36 g) from muscle, nerve and blood
cells, and kidney medulla. Glucose is also formed from glycerol (16 g) derived

from fat.

NEFA from the hydrolysis of triglyceride are oxidized in the liver, and
also in the muscle. Some of the energy generated in this process is used in main-
taining gluconeogenesis (see Chapter 111 on gluconeogenesis) 80 per cent of the
glucose produced by the liver will be diverted to the brain and the remainder to

the cellular elements of blood, peripheral nerves and kidney medulla. Where
through the process of glycolysis, it is converted back to pyruvate and lactate, which

is then transported to the liver for reconversion to glucose (Fig. 4).



figure 4

Schema of fuel disposi

ion in nonal man, fasting for 24 hours

(70 Kg, deny «tierjjjop»'«<ti-re 7.5 Mj/day). Cluooss directed ma|

Yy

for cerebral consumption is released from hepatic glycogen, and new

glucose is generated in liver fro* precursors derived from fat, muscle,

blood celle, nerve, and renal medulla. 1IEPA from triglyceride hydrolyeis

ised in muscle and liver as alternate energy sources.

1970).






Cabhill (1970) further suggested that in prolonged starvation there is a decline
In the amount of new glucose generated in the liver with a concomittant decrease In
protein catabolism. In this situation, the levels of anti insulin hormones increase in
the circulation and they counteract the insulin action. (See Part Il, Chapter | B.
of this thesis). During this period of prolonged starvation, hepatic gluconcogenesis

is reduced to the levels necessary to recycle pyruvate formed in glycolytic tissues.

2. After ingestion of food

After Ingestion of food, the levels of glucose, omino ocids, some gut hormones
(e.g. gastrin, pancreozymin-cholecystokinine, secretin and entero glucagon) are
increased in the blood. These substrates and hormones stimulate Increased release
of insulin (Porte & Bagdade, 1970). It is known that glucose alone is a potent stimu-
lator of insulin release, but the combination of glucose and amino acids with the hor-
mones (entero-insular axis) is responsible for the greater release of insulin during oral
glucose tolerance test (oral GTT) compared to that found during intravenous glucose
tolerance test (Iv G TT), where glucose loading is given directly into the blood cir-
culation.

These changes of substrates and hormonal levels during the period following

the ingestion of food are summarized in Fig. 5.

When carbohydrate is fed, blood glucose rises,but seldom exceeds 8.88 m mol/l
(160 mg/100 ml) and usually subsides to preprondial levels by two hours. The insulin
released during nutrient absorbtion promotes storage of the metabolic fuels in appro-

priate compartments, (e.g. as glycogen in muscle and liver, and as triglyceride in

adipose tissue). (Eusinck and Williams, 1972). In muscle and fat, insulin enhances



Figure =

A Bcheme of glucose disposition after ingestion of food
(carbohydrate) in Man.
Glucose is absorped in the gut and enters the circulation. Gut horsonei

which are increased by the presence of food in the gut, st

ate

cells. On the other hand, blood glucoso alone could also s

late
R cells.P cells produce insulin which promotes glucose uptake by

muscle and adipose tissues. Blood glucose inhibits the secretions of

anti-insulin hormones. These hormones opose insulin actions in liver

inhi

on of gluconeogenesis) and in muscle and adipose tissues

(glucose uptake , inhi

is and Inhi

ion of protein
breakdown) .

Hot all an

nsulin hormones exhibit every action shown in this diagram.






glucose- oxidation. It alto

nhances glycogen , ium and amino ocid

Influx and protein synthesis In muscle (Reiser, 1967). Conversely, insulin inhibits

the release of amino acids from muscle (Cahill, 1970). Insulin not only facilitates

glucose entering adipose cells and thereby lipid synthesis, it also Inhibits lipolysis
This is reflected in the decline in the circulating NEFA concentration which coincides
with hyperglycoemia and elevation of insulin concentrations in blood, (Reiser, 1967

forte and Bagdade, 1970). After ingestion of carbohydrate, glucose is taken up by

the liver, and most of the carbohydrate assimilated In the liver is deposited as gly-

cogen, under the oction of glycogen synthetase, an enzyme regulated by insulin

(Reiser, 1967), and concomittontly, hepatic glycogenolysis and

are abruptly reduced (Madison, 1969)

Fig. 6 summarised and simplifies the control of blood glucose level by insulin

and onti-insulin hormones; e.g. growth hormone, epinephrine and glucagon.









CHAPTER M
GLUCONEOGENESIS

A. Definition:

Gluconeogenesis I* strictly the “synthesis of new glucose from non-carbohydrate

precursors”, e.g. amino acid residues. But this process overlaps considerably with that

whereby glucose Is resynthesized from lactate and pyruvate. The term ‘gluconeogenesls 1

It therefore used here to include all these processes. The liver Is the main organ
where gluconeogenesis takes place, although in prolonged starvation, the kidney

becomes an important gluconeogenic organ as well. In this situation the kidney taket

up amino acids to produce 'new’ glucose as well as to produce NH3 to counteract the
ketosis which is developed during starvation, (Owen, Felig, Morgan, Wahren and

Cahill, 1969).

Gl is

during starvation and other situations when

carbohydrate intake from the alimentary canal is limited and the body glycogen stores
are depleted. Pyruvate, lactate, glycerol and glucogenic omino acids are converted
to glucose and glycogen. These amino acids, either from alimentary canal absorption
or from protein breakdown in muscle, through gluconeogencsis, become an important

source of energy.

B. Liver and Gluconeogcnesis:
Amino acids enter the liver cell by a membrane transport system. Lactate,
alanine, serine and glycine are converted into pyruvate in the cytosol (Fig. 7)*

Pyruvate enters the mitochondria, is converted into oxaloacetate by pyruvate carbo-



PATHWAY OF CLUCOHBOGENESIS.

Abbreviation* are: LAC, lactatei PYR, pyruvate; ALA, alanine; SER,

merine; CLT, gly

ine; FA, fatty ac

AcCoA, acetyl-CoA; CIT, citrato;
c<-KG, «4-ketoglutarate; S7CC, succinate; FUM, fumarate; MAI., malate;
OAA, oxaloacetate; ASP, aspartate; CLUT, glutamate; THR, threonine;
PEP, P-enol pyruvate; PPG, 2-P-glycerate; JPG, 3-P-glycerate; GJP*
glyccraldehydo-3-P; DHAP, dlhydroxyacetone-P; GLYP, glycerol-1-P; GLL,
glycerol; TOP, fructoae-1, 6-di

P6P, fructooe-6-P| G6P, glucooe-6-P|
GlW, glucose; C1P, glucoae-1-P| GUI, glycogen.

(modi

ied from ~xton, 1972).






xylose o« *o acetyl coenzyme A by pyruvate dehydrogenase. Oxaloacctate is con-
verted into malote and aspartate which leave the mitochondria or to citrate which

is mainly metabolized in the Krebs cycle. Molote and aspailote are converted bock

to oxaloacetate, and oxaloacetote is then converted by phospho-enolpyruvate carbo-
xykinase Into phospho-enolpyruvate (PEP) (Exton, 1972). Two moles of high energy
phosphate (ATP or GTP) are needed to convert one molecule of PEP. PEP is converted
into fruc‘ose - 1,6 diphosphate by a reversal of glycolysis. A furthet mole of ATP ond
a mole of (NADH ¢ H+) are needed for each mole of PEP utilized. Fructose -1,6

diphosphate is hydrolysed to fructose - 6 phosphate by fructose - 1,6 diphosphatase.

This enzyme is specific to tissues carying out gluconeogenesis. Fructose - 6 phosphate

is converted to glucose - 6 phosphate and glucose - 6 phosphate is converted to glu-

cose by another enzyme specific to

glucose - 6 The
overall conversion of two moles of lactate to one mole of glucose, therefore, requires
six moles of ATP (or equivalent as GTP) ond 2 moles of (NADH + H+). The former is

provided by the oxidation of NEFA and the latter by the reduction of NAD4 to (NADH +

H*) in the conversion of lactate to pyruvate. It has been suggested that pyruvate entry

into liver mitochondria is a control point for gluconeogenesis which is influenced by

epinephrine, cu-tisol and gh-cagon (Adam ond Haynes, 19£9).

Clycerol has a small but

in gi is. It enters
gluconeogenic pathway at the level of triose-phosphatc by reacting with glycerokinase
to form glycerol - 1 phosphate which is then oxidised to dihydroxyocetone-phosphate

bye-glycero-phosphate dehydrogenase



C. Cori Cycle:

In muscle the complete oxidation of glucose involves production of pyruvate

by a reaction in the cytosol (onoerobic) and the combustion of pyruvate by reactions

In mitochondria (aerobic). Red muscle, (e.g. skeletal muscle), which is designed to

work over long periods, depends upon the complete oxidotion of glucose and fatty acids.

Such muscle contains more to sustain a high rate of

of acetyl coenzyme A and has a higher content of myoglobin to deliver the required
oxygen for oxidation in the mitochondria. Whereas in white muscle (e.g. breast
muscle of a chicken) which is designed for short bursts of heavy activity, utilizes
ATP during such exercise at a much greater rate than could be sustained by mitochon-

drial oxidation. It therefore depends more upon a readily available high-energy

slate (viz. ©

p and upon the rapid generation of ATP

from the conversion of glucose to lactate in the cytosol. This kind of muscle has

fewer mitochondria and less myoglobin. In reality, though, there is no cleor cut

division between ted and white muscles. In exercising white muscle, glucose is con-

verted into 2 molecules of lactate with the generation of 2 ATP in the cytosol. Lactate

diffuses into the blood circulation and is taken up by the liver where it is converted

back into glucose. (Fig. 8). This cyclic process of glycolysis (e.g. in muscle) and
gluconeogenesis (in liver), using glucose and lactate as transport material is known as

the Cori cycle (Fig. 7 ond Fig. 8).

It is important to note that operation of Cori cycle docs not result in a net

increase in glucose formation for the body since lactate itself is derived from glucose.









However, there it a frontier of energy, since NEFA from adipose tissue are oxidised
In the liver to provide ATP In gluconeogencsis in the liver. Glucose recycling
from lactate formed by glycolysis In blood cells, brain and other tissues may, |n
normal man, correspond to >0 to 33 per cent of total glucose turnover (C ahill,

Horrera, Morgan, Soeldner, Steinice, Levy, Reichord and Kipnit, 1966).



CHAPTER IV
STRESS AND GLUCOSE METABOLISM

A. Definition:

The term 'stress’ ha» a wide range of meaning» depending upon the context
or the »ituation In which thI* word i» being u*ed. The Conci»e Oxford Dictionary
(Fifth Edition, 1963), give* o definition of 'stress' 0*: 0) o con*troining or impel-
ling force, b) an effort or demand upon energy, ¢) an cmphavit on accentuation, d)
(in mechanic») a force exerted between continuous bodies or parts of a body. How-
ever, in medicine in general, ‘stress' is considered os "any stimulus of such magni-

tude as to tend to disrupt the homeostasis of the organism” (Doell, 1966)

B. Classification of Stress?

Stress may be classified into two types; first is physical and the other is psy-

chological stress.

Table 3 summarized some of the different kind of stress falling into these

two brood groupings.

It is very rare that one type of stress operates in isolation. It is more usual

for the primary stress to lead to a secondary stress of some other type, e.g.:

1. An operation (mechanical) is followed by a decrease of food intake
(nutritional)

2. An infection (physical) is followed by a decrease in food intake

(nutritional).

An old person is feeling sad and lonely (psychological), eats less

food (nutritional, physical) and is likely to succumb more easily

to diseases and infections (physical)



as

Toble 3

Clossificotion of Stress

I Peychologicol Il Physical

1. Envionmental (e.g. 1. Nutritional (e.g. fasting,
unfriendly neighbours) starvation)

2. Endogenous(e.g. 2. Mechanical (e.g. fracture,
feeling sod) operation)

3. Climatic (e.g. temperature,
humidity)

4. Infection and disease
5. Physiological (e.g. pregnancy)

6. Exercise



It If obviously impossible to study oil »bese Interactions in a limited period

of time. This thesis, therefore, attempts only tostudy three different kinds of stress,

and concentrates only on measurable physical factors =

As indicated in the examples above, nutritional stress is often a secondary

consequence oi other forms of stress. This secondary nutritional stress usually has

a component protein energy malnutrition (PEM), whatever other deficiencies may

occur. The following chapter (Chapter V), therefore, deals with PEM and its effect

on glucose homeostasis and Insulin p ion and

,asa ground to

observations after surgery (Part 11) , in obesity (Part I11) and in old age (Part IV).



CHAPTER V
PtOTEIN ENERGY MALNUTRITION (PEM)

A Aetiology

PEM It a major problem in the developing world today. Dietary deficiency
of protein and energy can occur acutely from a sudden failure of food supply e.g.
after a natural disaster such as flood or drought, or as a result of anorexia in 111~

ness or other acute stress, or even as a result of voluntary starvation in support of

some political protest. Acute and prolonged starvation have both been studiedby

Cahill and his co-workers (Cahill et. ol., 1966; Owen et. al. 1969, Canhill,
1970). In reality, however, in most cases nutritional deficiency is obviously not
one of total starvation but various degrees of chronic or seasonal shortage of food
Some of the earlier, simple concepts of protein and calorie (energy) deficiency In

the oetiology of kwashiorkor (Williams, 1933; Platt, 1958) and marasmus (Platt,

1958; Jelliffe, 1966, respectively, hove become difficult to sustain (Garrow, 1966;
Gopalan, 1968). Therefore, many workers prefer to use the general term of protein

calorie malnutrition or protein energy malnutrition (PEM) (Waterlow and Alleyne, 1971).

However, protein, energy supplies and metabolism cannot be separated into

isolated comportments. Thus PEM is related not only to derangements of protein
metabolism (Waterlow and Alleyne, 1971), but also to a decrease in the ability of
the body to regulate blood glucose levels owing to associated endocrine changes

(Heard, Platt and Stewort, 1958; Stewart and Heard, 1959; Heard and Stewart, 1971).



B. PEM ond Blood Glucose Level».

Malnutrition is usually associated with hypoglycaemia. Baig and Edozien

(1965) reported hypoglycaemia In kwashlorkow and Hadden (1967) also found

hypoglycacmia in both kwashiorkoi and marasmus. The actual levels of blood

glucose reported vary from one investigator to another, probably owing to

different degrees of severity of the disease. The levels of fasting blood glucose

In morasmic children in Hungary (when some of the children later died wos
between 0 to 1.4 m mol/j (0 to 25 mg/100 ml), (Kerpel-Fronlus and Kaiser, 1967),
while reports from Ugonda on children suffering from kwashiorkor showed fasting
blood glucose levels less than 2.2 m mol/j (40 mg/100 ml) (Whitehead and Borland,
1966). However, James and Coore (1970) found that in series of 26 malnourished
children the mean fasting blood glucose was 3.1 m mol/| (55 mg/100 ml) initially
and became 3.9 m mal/j (70 mg/100 mi) after recovery. Although the degree of
hypoglycaemia was significant it was perhaps not as great as might have been expec-

ted from earlier reports from Africa and Hungary. Later, workers in Jamaica in a

study designed to investigate the hypoglycaemia of PEM were somev/hat foiled by
the absence of any primary nutritional hypoglycaemia. Hypoglycaemia was found
only when PEM had been superimposed on congenital defect and it hod a tendency
to persist after recovery, (Kerr, Stevens, Robinson and Picou, 1973). Most workers
agreed that when a low fasting blood glucose concentration does occur, it improves
with recovery from malnutrition unless sufficient energy is not provided with the

rehabilitation diet (Baig and Edozien, 1965; Hadden, 1967)



There U an Impairment in glucose tolerance in patients suffering from
kwashiorkor (Sloane, Taltz and Gilchrist, 1961; Baig and Edozien, 1965) and
marasmus (Oxman, Maccioni, Zuniga, Spoda and Monckeberg, 1968), although

some reported that In marasmus G TT could still be within normal limits (Hadden,

1967; Bowie, 1964). Thus the blood glucose homeostatic mechanism seems to be

disturbed in both directions, i.e. in diminished ability to deal with hypo- and

hyperglycaemia.

C. PEM and insulin levels:

It has been shown in malnourished children that the fasting plasma insulin
level Is usually low (Jomes and Coore, 1970; Milner, 1971), and that the rise

of plasma insulin concentrations in response to intravenous glucose load is usually
small or absent

Milner (1971) further could not show any increase in plasma

insulin concentration after intravenous injection of glucagon. During recovery,

insulin response to glucose is significantly improved, although it is still lower than

In normal children (James and Coore, 1970).

However, the impairment in insulin sensitivity rather than the actual defi-
ciency of insulin is probably the main contributor of poor glucose tolerance (Turner,

1966; Heard and Turner, 1967; Heard and Henry, 1969). Insulin sensitivity was

measured in dogs either by injecting insulin alone (0.1 unit/kg Bw) or by injecting

insulin (0.1 unit/lcg Bw) together with glucose (0.4 g/l<g Bw). Insulin sensitivity

is defined here as the effectiveness of insulin in lowering blood glucose concentra-

tion, and is expressed as a percentage rate constant fer the fall in glucose concen-



sration. Dog* fed with low protein diet showed abnormalities in carbohydrate meta-
bolism, but glucose tolerance wos correlated significantly with insulin sensitivity

and not with circulating insulin levels (Heard and Henry, 1969).



CHAPTER VI
PURPOSE Of THE STUDY

There it no doubt, therefore, that dietary stress produces an impairment in
glucose homeostasis, but the mechonism and the role of insulin and other related
hormones may differ from one type of stress to another. It is particularly impor-
tant to understand the extent to which changes in glucose homeostasis, insulin
sensitivity, etc. are adaptive and protective to the ‘stressed’ organism. Almost
inevitably phrases like ‘impairment’ in glucose tolerance or in insulin sensitivity
will be used in this thesis, as in many other reports, to indicate a quantitative

change, but it may not necessarily mean ‘impairment' in the sense of being ‘harm-

ful*.

More information is needed on the complicated and sometimes obscure
relationship between stress and insulin sensitivity. A study, therefore, was planned
to investigate the effects of three types of physical stress on the role of insulin and

other related hormones and substrates. This work concentrates on glucose homeo-

stasis in patients undergoing surgery, in obesity and in old age.
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GLUCOSE HOMEOSTASIS IN PATIENTS
AFTER SUROERY



CHAPTER |
INTRODUCTION

A.  Troumo ond Cotobolism:
Surgery 1»a type of physical trauma which consists of a mechanical stress
(the actual operation) ond is then often followed by dietary restriction (nutritional
stress), (see Part I, Chapter IVon stress). Cecause it is usually elective, it is also
preceded by other stresses derived from the condition which needs the operation
and creates anxiety. As will be seen later, nutritional status before an operation

Is, therefore, not necessarily normal. Severe trauma, as in surgery, Isa negative

balance of body protein associated with negotive nitrogen balance, and this is
reflected by the increase in urinary nitrogen excretion (Cuthbertson, 1964; Munro,
1964). However, a negative nitrogen balance could also be found in immobilized,

otherwise healthy subjects (Schenheider, Hcilskov and Olesen, 1954).

It is perhaps natural to assume that this period of negative nitrogen balance

is due to increased catabolism, I|.c. increased breakdown of protein. However, the

loss of body nitrogen is associated with a fall in protein synthesis and no real evi-
dence of an acute rise in the breakdown rates of body protein has been found In
immobilized normal persons (Schenheyder, et. al., 1954), or in patients undergoing

operations (O'Keefe, Sender and James, 1974; Crane, Picou, Smith and Waterlow,

1976). This change in synthesis may result from an altered flow of substrates (i .

amino acids and high energy phosphates and/or specific change in the rate of initia-

tion and elongation. Each of these changes is probably mediated by endocrine bal-

ance. The regulation of protein synthesis has been extensively reviewed by Munro

(1970, 1976)



This port of the thesis on

change* following surgery
and in particular on the relationship in glucose homeostasis between insulin and its
counterrcgulatory hormones, cortisol and glucagon (De Bodo and Altzuler, 1958;

Ensinck ond Willioms, 1972). But these same hormones that affect carbohydrate

also i protein

so that findings in one area usually
have relevance to the other.
B. Anti-Insulin Hormones:

Anti-insulin hormones are defined as hormones which at physiological con-

centrations show anti-insulin effects.

The anti-insulin effects could be in carbo-

hydrate, fat or protein metabolism. However, this report limits itself only to hor-

mones which have anti-insulin effects on carbohydrate metabolism. These hormone* are:

Adrenacorticotrophic hormone (ACTH), glucocorticoids (e.g. cortisol), glucagon,

growth hormone and catecholamines (e.g. epinephrine).

Stress is usolly associated with increased levels in blood of circulating

ACTH (Cooper & Nelson, 1962), cortisol (Yates and Urquhart, 1962; Ross, Wel-

born, Johnston and Wright, 1966; Cuthbertson and Tilstone, 1969 , glucagon

(Bloom, 1973; Linckey, Santeusanio, Braaten, Faloona and Unger, 1974; Wilmore,

Moyland, Pruitt, Linsey, Faloona and Unger, 1974; Russell, Walker and Bloom,

1975", growth hormone (Greenwood and London, 1966), and catecholamines
(Walker, Zileii, Reutter, Schoemaker, Friend and Moore, 1959). ACTH stimu-
lates the secretion of adrenocortical hormones (e.g. cortisol), while mechanism

of the actions of the other hormones in muscle, liver ond adipose tissue is summarized
in Table 4.



Hormone*

Epinephrine

Glucogon

Growth hormone

Cortisol

Table 4

The mechonivn of action of »me onti-in*ulin hormone* in im c I I'W
and odipose tiaue. (Derived fom Ensinck and Williorw, 1972 .

Muicle Liver

1. Glycogenolysis 1. Glycogenolysis
2. Inhibit* glucose 2. Gluconeogene»!»

utilisation
1. Protein breakdown 1. Glycogenolyw*

2. Gluconeogene»!*

1. Protein »ynthesi*
2. Inhibits glucose

utilisation
1. Protein breakdown 1. Providing precursor* for

gluconeogenesis
2. Glycogenoly*i*

Inhibit* glucose

utilisation

w

[N

Adipose tissue

Glucose uptake
Lipolytis

LipolysH

Lipolysis
Inhibit* glucose
utilisation

Lipolysis

X<



This report limits itself to the measurement of cortisol and its metabolites

and glucagon. Epinephrine, ACTH and growth hormone were not measured.

C. Trauma and Endocrine Balance:

Increased circulating levels and excretion of cortisol aie accepted as the
usual consequence of many forms of stress (including surgery). Ross, et. ol., 1966;
Curthertson and Tilstone, 1o (1¢ . and recently it has become increasingly evident
that the same is true of glucagon (Bloom, 1973;lindsey, et. al., 1974; Wilmore,
et. al., 1974; Russell, et. al., 1975". The situation with regard to insulin,
seems at first glance, rather doubtful. Some have claimed that severe trouma
results in depression of plasma insulin levels in relation to blood glucose values
(Wilmore, et. ol., 1974;Lindsey, ct. ol., 19741, while others reported elevated
values and other signs of insulin resistance (Ross, et. ol., 1966; Cuthbertson and
Tilstone, 1969). However, the evidence suggests that during the acute phase,
plasma insulin levels in relation to blood glucose values are indeed low (Allison,
et. ol., 1968; Wilmore, et. al., 1974;Lindsey, et. al., 1974), and they
become elevated in the loter phase of trauma (Ross, et. al., 1966; Allison et.

al, 1968 .

of these has practical importance in pro-
viding the rationale for effective dietary and possibly hormonal therapy after sur-
gery and other forms of trauma. Tire present investigation seeks, therefore, to

delineate the time and extent of hormonal and metabolic changes after surgery, to
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attempt to correlate these with nitrogen balonce and in particular, with the patient's
insulinogenic capacity in a two hour glucose infusion test, caried out one day

after the operation (day 1>and on ‘recovery' (Chapter 111, D. on glucose infusion.)



CHAPTER Il
MATERIAL AND METHODS

A. Subjects:
I. Pollents:

Eleven patients undergoing abdominal operations were studied. They were
admitted to the surgical ward. University College Hospital, London. Written con-
sent was obtained from each patient for his participation in this study. None of
the patients was diabetic. Their mean age was 52 * 3.4 years, mean height was
173 2.3 cm ond mean body weight was 68 * 3.9 kg. The body weights ranged
between 93 per centand 118 per cent of the ideal weight for a given height and
age (the mean was 94 i 4,8 per cent). The ideal weight for a given height and age
used for comparison was from the data of average weights of adults in Geigy Scien-
tific Tables, 1970; based on the data of "Insured Persons in the United States”

(Society of Actuaries, 1959), (Table 5)

A complete nitrogen balance was done on three of the eleven patients,
while serial 24 hour urine collections were carried out on each patient. Fasting
blood samples were taken from each patient during pre-operative, post-operative
and ‘recovery’ periods. In addition to this, one day after the operation (day 1) and
on 'recovery’ (days9 —21', a two hour glucose infusion test was carried out on each
patient. ‘Recovery' is defined here as the time when the surgeons considered that

the patients were fit enough to be sent home, and this varied from patient to patients.

2. Controls:
Four healthy young subjects were used as controls. Their mean age was

27 * 2.3 years, mean height was 170 * 6.3 cm, and mean body weight was 62 *
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Proximal gastric vogotomy
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of oesophogus

Prostate hypertrophy, prostatectomy
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Repair of previous colostomy

Corcinomo colon, colectomy otd colostomy

Proximal goxtic vagotomy. Finnty typ. pyloroplolly
Proximal gastric vogotomy

Proximal gostric vagotomy



4.2 kg

43

Tii« body weights ranged between 86 per cent ond 100 per cent of the

ideal body weight for the given height ond age (the mean was 92 * 3.2 per cent),

(Table 6)

There was no significant difference between either the mean absolute

body weights (p > 0.05) or the mean percentage ideal body weights of the controls

and the patients (92 per cent and 94 per cent).

These controls received the similar

two hour glucose infusion test as given to the patients.

1.

B

Nitrogen Balance Study:

Three patients participated in this study.

sample preparation:

a.

Food samples:

The patients were asked to eat or drink only food or liquid which was

given by the hospital. The amount of food offered was recorded and

protein content was calculated from Food Tables (McCance and

Wwiddowson, i960). Nitrogen content of the food was calculated

from the protein content, using the equation: Ig nitrogen equal to
6.25 g protein. Any food which was left over was collected for each

24 hour period. Special plastic bags (weights known) were used for

the food collection. The left over food was then weighed, mixed

with water and was homogenized in a 'Kenwood* mixer. Then it was
mode to 500 ml with more water, ond re-homogenized . Aliquots
were put into universal containers and stored at -20° C until analysed

for nitrogen.
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a

Faecal »ample*

Daily faecal excretion* except for a few day* following the operation
when there were none, were also collected. The same plastic bogs
(weights known) were used for these collections. These bags fitted
to special tin containers which enabled the patients to perform the
collections easily. The faeces were also weighed, mixed with
water and were homogenized in a 'Kenwood' mixer. They were also
made to 500 ml with more water and re-homogenized. Aliquots
were also put Into universal containers and stored at -20° C until

analyzed for nitrogen.

Urine samples:

Urine collections were done to all of the patients. Urine was pre-
served with 6N HCI (20 ml /24 hour collection). After measuring
the volume of each 24 hour collection, samples of urine were put
into universal containers and stored at -20° C until analyzed for
nitrogen. Separate aliquots for steroid estimation, (see Section E,

on analytical method hod a few drops of chloroform added.

Calculations:
Aliquots of food and faeces or.d of urine were analyzed for nitrogen
content. (See Section E on analytical methods)

The doily nitrogen balance was given as:

ND - (NR ¢ Np + N(j)j nitrogen

where: ND = total nitrogen (g) offered in 24 hours



Nn * total nitrogen content (g) of food retidue ond wait«
in 24 houn
Np “ total faecal nitrogen (g) In 24 hour
Ny = total urinary nitrogen
ND wai calculated from food tablet, while N~, Np and Ny were

obtained by direct analytit. Attempt« were made to have duplicate

mealt, one wat given to the patients and the other wat analyzed for
nitrogen content insteod of getting the value« of nitrogen from food
table». But these attempt» proved to be too much time and energy
consuming, ond the results were more or lets similar to the results

done through food tables and did not give any more accuracy as

It was first expected .

C. Blood Samples:

1. Collection of blood ond separation and storage of plasma

Fasting blood samples were taken almost every morning on the first three
patients, but in the others they were taken two days before the operation, the

first three days after the operation, day 8 ond on 'recovery'. Fasting blood was

taken at 8.30 a.m. after the patients hod been fatted from midnight. Patients

who were still having intravenous fluids, had normal saline substituted for glucose

at midnight.



For glucogon estimation, 4.5 ml of blood wo* odded to a heparin tube con-

taining 0.5 ml cold tolution of Trasylol (10,000 KIU/m| Bayer) and after rapid centri-
fugation the supernatant was frozen immediately. The re*t of the blood was put Into

another heparin tube and on aliquot of 0.05 ml wo* taken for blood glucose estimation.
The tube was then centrifuged and the plasma separated. 0.05 ml of plasma was used
for plasma glucose estimation and the rest was put into a polythene specimen tube and
stored of -20° C until the day of estimation. Stored plasma samples were used later
for estimations of plasma insulin, plasma NEFA, plasma amino acids and plasma cor-

tisol.

2. Whole blood or plosmo for glucose estimations

It has been reported that plasma glucose concentration is usually about 4 per
cent higher than blood glucose (Ingram, Ingram, Turtle, Sturrock and Applegarth,
1971). Plasma is the 'carrier system* which carries glucose either from gastrointes-
tinal tract or from the liver to various tissues, including the blood cells. However,
most results are usually reported in terms of blood glucose (e.g. W .H.O . definition
of diabetic, etc.). In the present work, both blood and plasma glucose were
measured (see Section E,  on analytical meihods.) Although our values for
plasma glucose were mostly higher than values for blood glucose, the difference
was not always 4 per cent as reported by Ingram et. ol. (1971). But we also found
that with fasting values or in situations when the subjects were given insulin (see
Part Il and Part IV of this thesis) and the glucose concentration falls below fasting
values, the blood glucose concentration is usually higher than that of plasma.
These differences in the values of plasma and blood glucose did not give any signifi-

cant difference to the results of the various tests. Another benefit of measuring



plasma glucose is that It could be used as a check If there wat a technical error In
the blood glucose estimation (e.g. using a wrong pipette, etc.), since when the

blood is centrifuged ond plasmo sepointed, we were not able to repeat the blood

glucose estimation. In this thesis, to avoid pointless duplication, plasma glucose

values are not Included in the results.

D. Glucose Infusion:

This test was used rather than the IvG TT used In the obese (Part I11) ond
geriatric patients (Part IV) because it was thought to be the least burden to the
patients, especially on the day Immediately after the operation (day 1). And

because continuous Intravenous glucose infusion is the usual ‘dietary regime' for
most patients during the post-operative period, therefore, the substrates ond

hormonal changes would be measured in the most usual circumstances.

All glucose infusion tests were carried out In the morning. Fasting blood
was token at 8.30a.m. as usual. A Holter Roller pump (Extra Corporeal Modical

specialities Ltd.) was used for infusing glucose through a butterfly needle inserted

into an onte-cubital vein of one arm. The rate of glucose infusion was 0.35 g kg-1
h  (Reaven and Farquhar, 1969), and the test lasted for two hours. Another
butterfl, needle in the colateral ante-cubital vein was used for withdrawing blood

samples. Normal saline was used to fill the latter butterfly needle to prevent the

blood from clotting. Sometimes the blood did clot despite the regular flushing of

the butterfly needle with saline, ond we had to find another vein to insert another



needle. This wot later solved by mixing heparin (Heparin injection BP, 1000 unitv'ml)

with the normal saline (2000 units heparin/500 mi saline). In preliminary work this
concentration of heparin appeared to be the optimum for producing constant flow of
blood without clotting, while still not affecting the NEFA concentration. Stronger
solution of heparin (2000 unitv/20 ml saline) gave very high and erratic values for
plasma NEFA concentration. (The values could be as high as 3000 |i mol/I to 4000
p mols).

After the initial fasting blood sample had been taken, further blood samples
were taken at 15, 30", 60', 90" and 120" after the start of the infusion. The blood
samples were treated os described in the previous section (see Section C.I. in this

chapter).

E. Analytical Methods;
1. Nitrogen (N):

a. Food and faeces:
Aliquots of 0.5 g of food and faecal homogenate were digested with
3 ml concentrated sulphuric acid and selenium catalyst in a Kjeldahl
flask. Glass beads were used to prevent bumping. After the samples
hod cleared, digestion was continued for a further one hour. The
samples were then allowed to cool and ware diluted with distilled

water to 100 ml. They were then analyzed for nitrogen by the



o

»odium phenate method for NH3 in the Technicon outoanol/er, using

(NH4>2 SO4 as standards. The nitrogen content of the standards

ranged between 5 |ig/ml to 150 {15/ \. Samples which fell outside
the range of the standards were rcdigested if the final nitrogen con-
centration was too low, and mode to more appropriate volume or the
final solutions were diluted. If the concentration was too high.
samples were run In the autoanalyser at a rate of 36 seconds sampling
and48 seconds washing (Technicon).

Urine

Aliquots of 0.1 ml urine were digested with 0.5 ml concentrated

sulphuric acid and selenium catalyst In a Kjeldohl flask. Glass

beads were also used to prevent bumping. After the samples had
cleared, digestion was continued for a further half hour. They
were then allowed to cool and were diluted with distilled water

to 10 ml. The rest of the procedure was similar to that of nitrogen

analysis for food and faecal homogenate.  From time to time,
analysis for nitrogen content of random samples of food and faecal
homogenate ond urine were done manually using the Markham method

(Wootton, 1964)to compare results with those done on autoanalyser.

2. Creatinine:

water (1/20 dilution) and were put into the antoanalyser (Technicon).

solutions ranged between 1.0 mg/100 ml to 15.0 mg/100 ml were used as standards.

Creatinine was estimated in the urine.

Creatinine

pl

hfell range of the

Urine samples were diluted with distilled

Any

hod the urine rediluted and the assay



repeated. Sample» were run through the autoanalyser at a rate of 36 seconds sampling

ond 48 seconds washing (Tcchnicon). Some urine samples chosen at rondom were

asa to results obtained from autoanalyser.

3. Glucose

Glucose In blood and plasma was measured enzymatically using the glucose
oxidase Perid method and kit of Boehringer Corporation (London) Ltd. Aliquots of
0.05 ml of blood or plasma was mixed with 1.0 ml uranylacetate solution (160 mg/
100 ml of normal saline) to precipitate the protein. After centrifugation, 200 pi
of supernatant were mixed with 5 ml glucose oxidase solution. The blank (200 pi
of water) and standard (200 pi of diluted Boehringer standard) were treated similarly.
After standing 30 minutes at room temperature, the samples and the standard were read
against the blank at 420 nm in a Unicam Spectrophotometer (Unicom SP600), using

10 mm glass cuvette. For the standard, the solution supplied with the Boehringer

kit (100 mg glucose/100 ml) was diluted 1+ 1 with water.

4. NEFA;

The Boehringer kit for NEFA estimation was used (Boehringer Corporation,

London Ltd.). Aliquots of 200 pi of plasma and standard (500 pmol/I) were mixed

with 5 ml of chloroform and | ml of solution comprising a mixture of 0.27 M copper

nitrate and 0.45 M triethanolamine buffer. For the blank, a tube containing all
of the reagents but no plasma or standard was treated similarly. After 10 minutes

shaking and 5 minutes centrifugation at 3000 RPM, the supernatant together with

interfacial protein layer were removed by aspiration. A 2 ml aliquot of the rcmainir.g



chloroform extract was then added to 0.2 ml of 9 mMdiethyl-dithiocarbamate. The
»ample» and the stm daid were read against the blank in a Unicom »pectrophotometer

(Unlearn SP600) at 436 nm, u*lng 10 mm glass cuvette.

In the later part of thi* work, we observed that the reading of the standard
in the »pectrophotometer was getting lower and lower, resulting in apparent higher
values of NEFA concentration In the plasma samples we were analysing. It was
found out later that the standard supplied with the kP, contained less than the
amount indicated in the label (500 | [mol/l). We hod to repeat some of our last
few NEFA assays using palmitic acid (488 |imol/l) as the standard. A complaint
was sent to Boehringer Corporation (London) Ltd. Their head office (Mannheim,
West Germany) confirmed our findings. They apologised, promised to withdraw
the faulty standard, and also promised us some compensation. They did send the
compensation, unfortunately there were only few new NEFA Kits. From then on,

we always used palmitic acid (488 |Imol/l) os the standard.

5. Insulin:

Plasma insulin was estimated by the radioimmuno assay method of Hales

and Randle (1963), using the kit supplied by the Radi ical Centre,

England. The method is based on a principle that the insulin in plasma and in
standard solutions compete with the added radioactive insulin (*25 |-insulin) for

reaction with an antibody specific to insulin. The insoluble insulin-antibody com-

plex which is formed, is filtered out and measured for radioactivity. The level of radio-

activity in the filter paper is related in on inverse manner to the amount of insulin



present in plasma or standard solutions.

The amount of unlabelled insulin present in plasma is calculated as follows:
(Fig. 9)
Where i m the concentration of unlobelled insulin
« the slope of the line

Co” the radioactivity of insulin-antibody complex when the
concentration of unlabclled insulin Is zero

Cl m the radioactivity of insulin-antibody complex when the
concentration of unlabelled insulin is i

Co/Ci Is linearly related tol. In practice, the slope of the line is obtained by having
a series of standard solutions mode from human insulin standard provided by the Wit.
The standard solution ranged between 5 ~ unit/ml to 244 jiunit/ml, and any samples
which fell outside this range hod to have the assay repeated. The plasma had to be
diluted if the concentration was too high, or a larger amount of plasma sample was
needed if the concentration was too low. An aliquot of 0.05 ml of plasma was used

In this assay. In addition to this, a solution of unlobelled human insulin (40 [lunit/ml)
was made, put Into a series of polythene tubes and stored at -20° Centigrade. This
unlabelled human insulin solution was always included in each insulin assay and
served as a quality control, and one batch of quality control overlapped with the

next batch.

The counting of radioactivity was done using a well typedd-scintillation counter

(ECKO Electronics Ltd ., England'.
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6. Plasma Amino Acids
Plasma amino acids wora estimated using the ninhydrin method (Spackman,
Stein & Moore, 1958) In an amino acid analyser (Locarte, England)

7. Glucagon;

Plasma was by

using a
glucagon specific antiserum (Russell et. ol., 1975)
8. Corticosteroids:
a. Plasma cortisol:
Plasma cortisol was measured by the competitive binding method of
Few and Cashmore (1971).
b. Urinary free cortisol
Urinary free cortisol was measured similarly to plasma cortisol but
the extracted cortisol was purified by paper chromatography and
losses monitored by the addition of ~*C-cortisol
c. Urinary 17-OH-corticosteroids
These steroids were measured by the sodium borohydrido reduction,

sodium periodate oxidation method (Gray, Baron, Brooks and James,

1969).

F. Assessment of the Data;

Paired t test (Armitoge, 1971) was used in assessing changes within the patients
The ordinary student's t test was used when comparing data from the patients with

those of the controls.



CHAPTER Il
RESULTS

A. Nitrogen Batonce:

A complete nitrogen balance study in three patients indicated the extent and
duration of negative balance which was equivalent to about 50 g protein loss per day,

for a period of 5 to 6 days after the operation. Since during the first part of this

period the patients neither received food nor had any faecal losses, urinary (nitrogen)
excretion adequately reflected the changes in the (negative) balance. However, this
figure did not include the amount of blood transfusion (if any) or blood loss. The mean
nitrogen balance in the three patients is shown in Fig. 10.

By day 10, a positive nitrogen balance had been re-established with a fall in

urinary nitrogen excretion and an increase in food intake.

B. Urinary Nitrogen Excretion

The 24 hour urinary nitrogen excretion showed an increase during the period

following the operation. The mean values for eleven potients showed that the

increases were significant compared to the mean pre-operative levels, on days 1, 2

and day 3 (p < 0.05, paired t test), and a significant decrease on day 6 (p< 0.01,

paired t test) (Fig. 10).

C. Foecal Nitrogen Excretion:

During the days immediately following the operation, there was no faecal

excretion. Table 7 shows the daily values of faecal nitrogen excretions in the three

patients studied



Figure 10. Moan (4 SKM) 24 hour urinary nitrogen excretions in 11 patient«
(vertical lines), and moan nitrogen balance in 3 patient« (vertical

block«) before and after operations

There were significant increase« (from preoperative values) in
urinary nitrogen excretions on day 1. 2 and 3 (p < 0.05), and a

significant decrease on day 6 (p < 0.01) (paired t test).
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D. Urlnory Creotinine Excretion:

The 24-hour urinory creatinine excretion in eleven patient* followed closely
the pattern of urinory nitrogen lot*. There were significant increases from the mean
pre-operative levels on day* 1, 2 and 3 (p< 0.05, paired t test), ondsignificant
decreases on days 5 and 6 (p <0.05, paired t test). Fig. 11 shows the daily values of

urinary creatinine excretion in the eleven patients studied.

E. The Relationship between N itrogen Balonce ond Doily
Hormonal ond Substrate Value-*:

1. Plasma insulin

The period of negative nitrogen balance coincided with increased fasting
plasma insulin level, although it was only on day 1 that the difference between the
values reached a significant level (p<0.05, paired t test) (Table 8)
2. Plasma glucagon;

The fasting plasma glucogon level was also significantly raised from pre-
operative levels in the first few days after the operation (paired t test) (Table 8)
3. Plosmo cortisol

The fasting plasma cortisol level, like insulin, was significantly raised from
pre-operative levels only on day 1 (p< 0.05, paired t test) (Table 8)
4. Urinary steroids:

The 24-hour excretion of urinary 17-OH-corticosteroids, however, was
significantly raised for Hie first few days after H i operation (paired t test) (Fig. 12),

as also was the 24-hour urinary free cortisol excretion (paired t test) (Fig. 12).
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Tobi* 8

Meon fasting levels of bicod glucose, plosma insulin, plasma glucagon, plasma cortisol and NEFA In

patients and controls (* SEMI. Foirad t test was used for comparing pre-operative values with the

values on the days following the operation.

POST-OPERATION

No. of Pre- Doy | Doy 2 Doy 3
potien*s Opcretion
Blood glucose 10 5.320.14 592023  5.820.37  5.620.30
(mmol/l)
Plasma insulin 10 16:0.8 2522.2 2424.0 1823.1
(uunivmi)
Plasma glucagon 10 60%10.0 17335.1 136*24.1%
(nfi/1)
Plasma cortisol 9 359°26.5 486*57.1  282*30.1  339*18.2
(nmol/1)
NEFA 9 357258 625275 432254 432256*

significant difference: *p<0.05; **pCP.01; P~ 0.001. (Paired t test

Doy 8

5.620.15

20*2.5

64%19.6

386*36.2

468282

‘Recoveryl

5.120.15

16*1.8

66216.3

315*19.6

4592103

Controll

5.120.35

15%2.5

35%12.1

306*13.5

5002197



Figure 12.

Mean values of 24 hour urinary excretions of 17-OH-corticoBteroide

in 10 (i SEM), and free cortisol in 5 patients:
There were significant increases (from preoperative values) in

urinary 17-OH-corticosteroids on day 1,2 and 3 (p < 0.05), and

El

urinary free cortisol on day 1 and 2 (p < 0.05) (paired t test).
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5. Blood glucose:

The fasting blood glucose level, like insulin, was significantly raised from
pre-operative level only on day 1 (p<0.05, paired t test' (Table 8.

6 Plasma NEFA:

The fasting plasma NEFA concentration was significantly raised from pre-
operative level during the first few days following the operation (paired t test)
(Table 8).

7 Plasma omine acids:

There was a decrease in the levels of fasting total plasma amino acids.

However, fasting levels of plasma leucine, iso-leucine and valine were raised in

concentration (Table 9).

These substrate and hormonal changes in relation to nitrogen balance are

shown in Fig. 13 for one patient (HG).

The overall picture is one of an acute rise in blood glucose, and in plasma

insulin and cortisol on day 1 after the operation. This may be compared with the

sustained changes lasting for about the period of the negative nitrogen balance, in

plasma in urinary oid:

in plasma amino acid and NEFA

concentrations

cn






Figure 15. Daily values before and after the operation for one patients (HG) showing!
changes in nitrogen balance, in urinary 17-OH-cortioosteroids excretion,

and in fasting ooncentrations of glucagon, insu

n, cortisol, glucose

and NEFA in plasma.
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F. Substrate ond Hormonal Changes during Glucose Infusion;

Except for the fasting levels (p «.0.05), there was no significant difference
between the glucose values at any one time in infusion | (day I lond at the same time
In infusion I (tecovery’)» but there was a trend to a higher 2-hour level on day 1
(12.08 mmol/1 ogainst 10.36 mmol/1). However, both curves were significantly
higher than in normal subjects where the mean blood glucose levels reached a plateau

at 6.07 mmol/1. Fig. 14)

Glucose infusion caused a substantial fall in plasma glucagon concentration
(Fig. 14i but because of the higher fasting glucogon levels, plasma glucagon levels
continued to be significantly higher during the infusion on day 1 thon at similar times

during the infusion done on ‘recovery’ (p<~0.05". Similarly, the meon glucagon curve

during infusion on ‘recovery’ was higher than in controls, but the difference was not

statistically significant (p~-0.05".

Infusion of glucose also decreased the levels of plasma NEFA, total plasma
amino acids and plasma cortisol on both occasions in the patients and also in the con-
trols (Table 10), but the changes In plasma cortisol during glucose infusion in controls
were not significantly different from those found in normal streets at rest (J.D . Few,
unpublished data).

Plasma insulin levels during glucose infusion were significantly higher on day
1 than on ‘recovery* both in respect to the fasting levels (p /0.001) ond the levels
reached d f mg glucose infusion, in which a significant difference was reached at

30 minutes (p«C0.05). At both times the patients had levels which were significantly

higher thon those of the normal controls. A significant difference between the patients’



Figure 1/1

Mean (i SBI) blood flucon, plasma Inaulln and plasma glucagon
concentrations during 2 hour glucose infusion (0.35 8 Kg”1h 1) in
patients® infusion Z (A), patients® infusion Il (0) and infusion
of oontrols (D ).
Significance of differences

Pasting values» See Table 0.

Glucose concentration: Infusion I x infusion Il, non significant.

Infusion I and Il x controls , from 60' p < 0.01.

Insu

concentrat!ont Infusion I x infusion 11, from 30» p < 0.05

Infusion 11 x Contro|

fron 90' p < 0.05

Glucagon concentrrlion: Infusion I x infusion I, all times p < 0.05.
Infusion Il x controls, non significant.

The data were from 10 patients and 4 healthy control subjects. The
paired t test was used for comparing values in patients® infusions I
and 11, and Student® t test for comparison of patients and control

subjects.
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Infusion | and controls' Infusion was reached at 30 minutes (b 0.01), and between

patients' Infusion 1l and controls' infusion at 90 minutes (p ~0.05) (Fig. 14)

Although the high levels of plasma insulin during the glucose infusion were
associated with a higher level of blood glucose, the insulin levels tended to be higher
for a given glucose value In the Immediate post-operative period. Thus after 1 hour
the mean blood glucose levels in the patients' two infusions were identical (Fig. H)

but the corresponding insulin values In the immediate post-operative state were almost

twice those found in ‘recovery'.

Fig. 15 shows the regression lines between plasma insulin ond blood glucose

concentrations during glucose infusion of controls and during infusion | and II of

patients. A given glucose level tended to be associated with a higher insulin level

In infusion I than in Infusion Il of the patients, ond higher in Infusion Il of the patients

than in control infusions.



Figure 1b.

70

Regression lines between plasma insu

and blood glucose concentrations

during patients® infusion I, patients® infusion Il and infusion of

oontrol

Data from 10 patients and 4 healthy control subjects.






CHAPTER IV
DISCUSSION

When surgery is followed by a period of dietary deprivation, alleviated only

by the use of intravenous glucose, patients obviously suffer from both acute protein

and energy deficiency. This is manifested by negative nitrogen balance and an

increase In the levels of those hormones and metabolites known to change in response

to starvation.

Increased levels of glucagon, which promote rapid mobilization of fuel from
carbohydrate, fat and protein (Foa, 1972 and of cortisol, which affects gluconeo-

genesis (De Bodo and Altzuler, 1958) are features of the body's response to fuel

shortage. The increased output of urinary nitrogen in the face of a falling protein

intake illustrates the of energy ion and

1csis,
which have a priority in the short term over protein retention.

The major difference between the effects of surgery and those of fasting In

otherwise healthy subjects may lie in the insulin response. The immediate acute res-

ponse to surgery is the some as to starvation, i.e. reduced levels of plasma insulin.

After surgery this is followed by a period in which basal plasma insulin levels are
raised (Lindsey, et. al., 1974) and we have found thot glucose infusion results in

elevated insulin glucose ratio compared with ratios found on recovery or in normal

control subjects (Fig. 15). Therefore, the apparent discrepancies between reports

of low insulinrglucosc ratios and ours of high ratios, are indeed related to the time

of observation.

1
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During the initial acute phase of trauma, insulin secretion is probably blocked
by the high circulating levels of catecholamines (Cer~ti, Luft and Efendie, 1971).
Our measurements were made, however, 24 hours after surgery at a time when the

nutrient supply may well dominate the hormonal response

The elevated levels of basal plasma insulin and high values for the insulin:
glucose ratio in our patients can be interpreted as a compensation in insuiin output
as a result of peripheral insulin resistance (Porte, 1975). This resistance may be on
innate response to trauma since patients after surgery when infused with amino acid
solution atone, though having lower absolute levels of insulin and glucose, have the
same insulin :glucose ratio as patients receiving parenteral glucose (Blackburn, Flatt,
Clowes and O'Donnel, 1973). In the early stages after surgery, analgesia and the
degree of surgical trauma certainly play a role in the metabolic response of hepatic
and peripheral tissues (Long, Spencer, Kinney and G eiger, 1971; Wiklund and Jorfeldt,
1975). High circulating levels of catecholamines can induce lipolysis (Resell, 19661,
blockade the release of insulin (Cerasi et. al., 1971) and stimulate the output of glu-
cose from the liver (Beam, Billing and Sherlock, 1951 1> appropriate analgesia in the
post-operative period can reduce the circulating NEFA and glucose levels and the rate
of release of glucose from the liver (Wiklund and Jorfeldt, 1975). Elevated levels of
NEFA may themselves be expected to induce a reduction in the rate of glucose outflow
from the circulation with the glucose intolerance and insulin resistance (Randle, Hales,
Garland and Newsholme, 1963; Balasse and Neef, 19741 although our NEFA results
are not particularly high. Thus, overproduction of glucose by the liver and slower

uptake by the periphery may both ter.d to increase blood glucose levels and on altera-



»loo In either process m sy be responsible for evidence of insulin resistance (Felig and

Wahren, 1975".

This resistance seems to take some time to return to normal. There was no
evidence of obesity In the patients , a condition which would explain a persistently
low glucose tolerance and high Insulin glucose ratio (see Port Il of this thesis)
Furthermore, the oge of the patients would lead one to expect lower insulin:glucose
ratios (see Part IV of this thesis). The persisting increase in plasma glucagon In the
patients studied in the ‘recovery’ phase argues against their hormonal status having

returned completely to a pre-operoiive level despite being studied two weeks after

surgery.

The demonstration of high circulating levels of glucagon after surgery is In
keeping with the results of other studies of patients In he post-operative phase
(Lindsey et ol. 1974; Russell et. ol., 1975). The elevation of glucagon persists
despite the mildly raised blood glucose level but the glucose infusion led toa sup-
pression of glucagon towards normal. This impaired suppression presumably reflects

the resistance in the response of the cl-cell to glucose and may be port of the more

generalised insulin resistance at a cellular level (samols, Tyler and Mcrkes, 1972).

While glucagon itself may play on important role in the control of gluconeo-
genesis and glucose production, there is Increasing evidence that Its role In produc-

ing hyperglycoemio depends on insulin defici itself and the

jinsulin
ratio as being of less importance in the pre-diobetic state (Sherwin, Fesher, Handler
ond Felig, 1976). Thus entranced hepatic glucose output after surgery may reflect

either a direct short term effect of on glycog

or the



effect* of insulin resistance and hyperglucogonoemia on gtuconeogenesis. The addi-
tional role of enhanced corticosteroid secretion in stimulating gluconeogenesis

probably operates over the 4-5 days after surgery as judged from the urinary data

(Fig. 12)

It is not possible from the present evidence to quantitate the relative roles
of hepatic overproduction of glucose and peripheral resistance to glucose uptake
and oxidation despite the use of an infusion of glucose which might be expected to

repress hepatic gluconeogenesis. Our infusion rate was approximately five times the

basal glucose turnover rate in normal man (Bowen and Moorhouse, 1973) and it seems
very unlikely in healthy controls that this quontity of glucose did not suppress glucon-

eogenesis (Madison, 1969). In favour of the suppression of hepatic glucose produc-

tion in our patients, as well as in the controls during glucose infusion were the similar
falls in glucogon, NEFA and amino acid levels, but we have no direct evidence that
substrate supply for gluconeogenesis became rate limiting, or that the peripheral tissues

were more or less sensitive to insulin than the hepatic cell

A diminished protein synthetic rate post-operalively (O'Keefe et. ol., 1974;
Crane, et. al., 1976) might be the result of insulin resistance, but this aspect of pro-

tein metabolism requires further investigation. The net increase of protein breakdown

is shown by the increased fasting plasma levels of branched-chain amino acids (Table 9)
The rise of these amino acids, however, may not be specific to this phenomenon since
prolonged starvation atone may also give a similar or even a greater rise (Adibi, 1968;

Felig, Owen, Wohren and Cahill, 1969).



T attempt* to cc for insulin r , assuming the resis-
tance is undesirable, have sometimes taken the form of mossive insulin adminittration
(Hinton, Allison, Littlejohn and Lloyd, 1971). Insulin sensitivity may differ between
various organs and tissues and even between different actions of insulin within the same
tissue. This suggests caution in the use of insulin. Furthermore, it could even be argued
that insulin resistance protects the subject from the less desirable feature of elevated
insulin levels. An alterative approach would be to give parenteral amino acids rather
than glucose (Blackbum, ct. ol., 1973). The lower levels of insulin induced by amino
acid infusions would permit more ready mobilization of lipids and, therefore, allow
the conservation of protein and glucose. Interestingly, plasma NEFA levels in our
patients given glucose were not particularly high. If however, the development of
insulin resistance places the patient at a disadvantage, this could be countered not
only by giving insulin but also by blocking the release of insulin antagonists. It has
been shown that surgery under morphine anaesthesia is not accompanied by the usual
elevation of plasma cortisol ond growth hormone concentration, and that the lack of
odreno-cortical stimulation had no adverse clinical effect (George, Reier, Lanese and

Rower, 1974)

It is shown, therefore, that after surgery, metabolic responses have some ele-
ments in common with starvation, but exacerbated and modified by hormonal stress
responses.  Similarly, there are resemblances with the diabetic, e.g. in hyperglu-
cagonaemia, but in surgical patients the suppressibility of glucagon with glucose,
possibly via elevated insulin levels, marked a clear distinction between the two

states.






CHAPTER |
INTRODUCTION

A. Definition;

Obesity is defined as a state in which an excessive amount of fat accumulates
and where the body weight exceeds by at least 20 per cent the normal or desirable
weight for a given height and age (i.e . ‘ideal body weight) (Stern and Hirsch, 1972;

Davidson, Passmore, Brock and Truswell, 1975). Others take 10 per cent above the

ideal weight as the upper limit for normal weight, (Craddock, 1973). In the present

work ‘ideal’ body weight for a given height and age was derived from the data of

average weights of adults in Geigy Scientific Tables (1970). These are based on the

data of insured persons in the United States (Society of Actuaries, 1959). Some may
not agree with the use of relative excess of body weight os on indication of obesity,
since this excess of body weight may not necessarily be fat (Lesser, Deutsch and
Markofsky, 1971). But as a practical measure, most authorities accept the use of this
parameter, since it is true to say that, in most cases (apart from a few pathological
conditions, e.g. oedema) the higher the relative body weight, the higher the body's

fat content (Gorrow, 1974).

B Problem of Obesity

Mil

ons of people in the developing world suffer and die from inadequate
food Intake, while ironically, millions of their counterparts in the western countries

are in the opposite situation. They eat a lot and some even too much, and have too little

physical exercise, which inevitably leads to obesity.



To »mo, obesity simply means on aesthetic problem, yet to many it comes

as a serious health hazard. Obesity is known to be related to several diseases, e.g.
diabetes (Joslin, 1921; Smith and Levine, 1964); hypertension (Marks, 1970); cardio-
respiratory failure (Berleyne, 1958); ond mony others. Not suprisingly, therefore,

obesity is also related to on increase In the rate of mortality and morbidity (Mark* , 1970).

C. Aetiology of Obesity:
The question is inevitably asked whether obesity is always a simple problem of

overeating and lack of physical exercise. The answer obviously would not be as simple

as that.

Under normal conditions, the body is capable of regulating its energy balance
quite accurately and the body weight of o healthy adult remains relatively steady.
The human body hos the ability to interrupt its food intake. Therefore, It is capable
of having meals at certain times of the day, rather than as repeated small snacks,

and thus it is able to do creative work during the day and have long intervals of sleep

atnight. All this is possible only because of the body's ability to store energy when

it Is lable in excess of i i i ond use it later when external

energy supply falls below its However, in other higher

primates such os gorillas ond orang-utans, they spend most of their day time foraging for
food ond this is interrupted only by brief periods of rest and sex. This may be due to
the type of food they eat rather than a major physiological difference the apes ond man.
The apes do not eat high energy density foods as humons do, therefore, they hove to

eat a lot to be able to meet their energy requirements.



For some curious reasons, our delicate energy balance can be disrupted resulting
in on excessive amount of energy being stored, i.e . more than will be used in tbe
interval before the next meal. This extra energy is stored mostly In the form of fat

in adipose tissue. This may be the result of simple over eating, either caused by

social pressure or other psychological stress; or may be due to something much more
complicated and have on actuol organic cause resulting in metabolic malfunctions.

The latter could be of genetic, hypothalamic or endocrine origin (Mayer, 1957)

This work does not attempt to investigate these complicated forms of obesity, although

from the range of patients we studied, such forms of obesity cannot be excluded.

D. Insulin’s Role in Obesity:

Excessive energy is stored mostly In adipose tissue as triglyceride. In fact
80 to 85 per cent of adipose tissue in an adult consists of triglyceride, (Craddock,
1973). In the presence of insulin, fat synthesis Is enhonccd, while when insulin is
absent, glucose enters adipocytes less easily and the supply of lipogenic precursors

is diminished. At the same time i polysis in adipose tissue is accelerated.

It is known that obesity is usually related to insulin resistance (Franckson,
Malaisse, Amould, Rasio, Oorrs, Balaste, Conrad and Bastcnie, 1966; Chlouverakis,
and White, 19d0), and is associated with hyperinsulinaemia (Beck, Koumans, Winter-
ling, Stein, Daughaday and Kipnis, 1964; Frankson et. ol., 1966; Perley and Kipnis,
1966; Chiles and Tzagoumis, 1970). Insulin resistance could be defined here as the

relative inability of insulin either endogenous or exogenous, to lower the blood glu-

cose The glucose test in obesity may sometimes still be



within the normal limit» (Perley and Kipnii, 1966) but moil often It it Impaired
(Faultin and Saul«, 1922; Beck et. ol., 1964; Perley and Kipni«, 1966; Chiles and
Tzagoumis, 1970). Whether the degree of Insulln resistance correlate» with the degree
of obesity and whether the amount of circulating in»ulin may in a way be the major

factor in contributing to obesity, aie being investigated in this work. This work con-

centrates mainly on the role of insulin In obese subjects faced by a glucose load, either
oral or Intravenous (iv), and compares them with the data collected from young normal
adults. This work was not planned os an ottempt to unravel the mysteries of obesity

Rather the studies were planned to extend the range of conditions exhibiting altered

glucose tolerance, insulin sensitivity and plasma insulin levels. Insofar as the obesity

is known to be associated with varying degrees of diminished glucose tolerance and

as insulin resistance ond response to glucose, the bio-

chemical signs of obesity ore similar to those of the post-surgical patients. Vet such

patients suffer from undemutrition while the obese struggle with ovemuturition. It

was hoped to find some clues why these very different nutritional states end up with a

similar metabolic picture



CHAPTER Il
MATERIAL AND METHODS

A. Subject»
1. Potlents:

Twenty nine patients were studied (Table 11). Their mean age was 40 * 2.9
years, their mean height was 165 4 6.5 cm, their mean body weight was 109 4 5.5 kg
and they ranged from 115 per cent to 233 per cent of their ideal body weight (the mean
was 166 * 6.7 per cent). These patients were either from the obesity clinic, Univeisity
College Hospital, or patients admitted from this clinic to tho metabolic ward (Manson
Ward, Hospital for Tropical Diseases), both of the University College Hospital Group.
The patients were asked whether apart from their course of treatment, they would be
willing to consider participating in our study. It was then explained in detail what
kinds of tests were going to be involved in their study, and consent (oral or written)
was obtained. None of the patients were known diabetic and all had fasting blood
glucose concentrations less than 6.11 mmol/I (110mg/100 ml). 6.1 1 mmol/l is the
upper limit for normal fasting blood glucose recommended by a v/orking party appointed
by the College of General Practitioners, England (1963). None of the patients hod

glycosuria.

The daily energy intake of the out-patients prior to the tests was not studied,
but from Information given by the patients it was estimated at between 8.4 and 12.6
MJ /day (2000 to 3000 Calorics/day) including a reasonable carbohydrate intake.
Patients who were admitted to the ward, received a diet of 8.4 M~day (2000 Coloriev

day) with a carbohydrate content of 200 g/day, for 3 to 4 days before they underwent









ony treotment or ony further dietary restriction. The tests on these in-patients

reported in this work were done during the end of this period.

2. Normal subjects:

Fourteen young non-obese normal stA>jects were used as controls (Table 12).
Their mean age was 27.6 - 1.3 years, their mean height was | 69.2 - 2.72 cm. their
mean body weight was 61 * 2.21 kg, and tanged between 85 per cent and 108 per
cent of their ideal body weight (the mean was 94 * 1.9 per cent). All the control
Sia>jects were told to eat sufficient food for at least three days prior to the test,

including a reasonable carbohydrate intake.

B. Tests:

Most subjects, patients as well as the controls, received three kinds of test.
Eoch was done in the morning.

1. Oral glucose tolerance test (oral G TT):

A butterfly needle attached to on antecubital vein on one arm was used for
drawing blood samples. The fasting blood sample was taken at 9.30 a.m ., after tire
subjects had been fasted from midnight. A drink of 50 g glucose In 250 mi water
was given and serial blood samples were taken at 15°, 30°, 60°, 90", 120’ and 150’
after the oral glucose. Heparin tubes were used to prevent the blood from clotting.
An aliquot of 0.05 mi of blood was taken for blood glucose estimation. The blood
tubes were centrifuged and the plasma separated. An aliquot of 0.05 ml of plasma
was then used for plasma glucose estimation, and the rest of the plasma was stored.
Plasma samples were stored at -20° C until analyzed for plasma insulin and NEFA

(see Part Il, Chapter II, Methods)
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If the whole glucose (or Insulin) curve In on oral G TT It thought of at being
made up of 15 minute units (Fig. 16), then the O' - 15' period it one unit, 15' - 30'
it one unit, but 30" - 60, 60' - 90" etc. ore each 2 units. The total number of 15

minute units It 10.

The average values of glucote or insulin concentrations during on oral G TT
were, therefore calculated at:

Average value =

Cq +CXS . C154730 a5. C3Q4 C60 ,2w C604C120 *2, CI1204 Ci5Q
2 2 2 2 2
10
n mol/l (Fig. 16)
where Co* CI5, c,.., C#)* C90* C120» and CI50 were blood (or insulin)concentiationt

at O', 15', 30", 60", 90', 120" and 150"

The molar .concentration of insulin was calculated from the concentration
measured in the assay (jiunit/m1), on the basis of 1 unit of insulin being equivalent
10 0.04167 mg (1 mg = 24 units) and the molecular weight of human insulin being

5807 (Scientific Tables, Geigy, 1970).
The insulin:glucote molar ratio during the oral GTT was calculated for each
subject as follows:

molar ratio- *va=9« i">it

Average glucose value (m mol/l)
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calculation of the average val le of blood glucose concentration during
oral glucose tolerance teat (oral GTT).

(m ) are observed concentrations of blood glucose at various tiacs
during the test.

(See det:

s given in the text).
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2. Introvenous glucose toieronce test (iv G TT)

This test wos also done using a butterfly needle attached to an antecubital
vein of one arm. A fasting blood sample was again taken ot 9.30 a.m., and through
the same needle a solution of 50 per cent glucose was injected. In the first obese
patients an attempt was made to insert a butterfly needle in each arm, one for the
injection of glucose and the other for blood sampling. However, It is difficult
enough to find one suitable vein in grossly overweight subjects, without subjecting
patients and operator to the added trauma of trying to do it twice. There was no
evidence that the injected glucose In any way interfered with subsequent glucose
sampling, especially as the tubing and needle were flushed in the normal saline
after each operation (see Part |1, Chapter Il, Methods). The subjects received 0.33 g
glucosc/Vg body weight (maximum 25g per person) (Fronckson et. ol., 1966). Glu-
cose was injected within 4 to 5 minutes and serial blood samples were taken at 5',

0', 20°, 30", 40", 50" and 60* after glucose injection. The procedure for handling
blood samples was similar to that In the oral G TT. The blood glucose concentration
(Mg/100 ml) was plotted against time in minutes on Log-Linear graph paper and the
best fitting straight line drawn through the points (Fig. 17). The percentage removal
rate of glucose(Kq )was calculated from this line using the equation:

2.303 (log Cl - log C2>
G -
©2-t,

<100% min"1

where C* and C2 were glucose concentrations read from the graph at any convenient
times tj and t2 minutes after glucose injection (Ikkos and Luft, 1957; Heard, 1966).

The validity of this test will be discussed in Part V (General Discussion).



Calculation of the % removal rate of glucose during intravenous glucose
tolerance test (iv GTT) (&, value ).

(See details given

the text).
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It wo* found that plasma NEFA concentration, during the Iv G TT, decreased
in the same way as did blood glucose concentration, so that when the plasma NEFA
concentration ( |imot/l) was plotted against time on Log-Linear paper, a straight
line could be drawn through these points also. From the best fitting line, the per-
centage removal rate of NEFA (Kp) was calculated using the same equation as for

glucose.

3. Intravenous glucose insulin tolerance test (iv G ITT):

This test was devised as a test of insulin sensitivity (with respect to blood glu-
cose homeostasis), (Heard and Henry, 1969a>.The principle is that having derived a
value for Kq from iv GTT described above, the test is immediately repeated, but
on this occasion with insulin added to glucose at a concentration which would swomp
the body's endogenous circulating insulin. The differences between streets in the
percentage removal rate of glucose In this test (Kq + |) cannot, therefore, be due
to differences in plasma insulin concentration, and must be due to variations in

responsiveness to insulin.

The validity of the iv G ITT when carried out immediately after the iv GTT
depends on the differences in results being due solely to the added insulin and not
to any priming effect of the first glucose load on the disposal of the second.
Canard (1955) has reported that if a second iv GTT Is caried out immediately
after the first, they give no difference in the Kq . Similar results have been

reported by Samols and Mark* (1965), Heard and Henry (1969 a>.



The procedure In the Iv G ITT wo» similar to that In the Iv G TT. Subjects
were given a second equal dose of glucose at the end of the first test, but this time
Insulin (Insulin BP, Wellcome, 20 uniti/ml) was added to the glucose (10 units of
insulin In 50 mi of 50 per cent glucose; 0.133 units Insulln/kg bod/ weight).
Therefore, the maximal dose of Insulin per person was 10 units. Blood samples
were token at 10°, 20%, 30', 40', 50" ond 60’ after the glucose and Insulin admini-
stration, and Ka 4 | was calculated in the some way as Kq . The procedure for

handling blood samples was similar to that followed In the two previous tests.
C. Analytical Method»:
Analyses of blood or plasma glucose plasma Insulin and plasma NEFA were

caried out according to the procedures reported in the previous study in surgical

patients (see Part II, Chapter 11, Analytical Methods.

D. Dietary Treatment

Dietary treatment, general ward clinical Inv and

all tests other than oral GTT, Iv GTT ond iv G ITT, wore under the clinical control
of Professor J.C. Waterlow, Dr. Andrew Tompkins, the late Dr. Peter Sender,

Dr. Susan Ell, Dr. Graeme Glugston, Mrs. Inger O'Maera and Miss Elizabeth Roe

(dieticianst,and all of the nurses in Manson Ward, Hospital for Tropical Diseases.

For the first 3 to 4 days In the ward, all the hospitalized obese subjects

received 8.4 Mj/day (2000 CalorievAday) before they were submitted to any further

dietary restrictions. The dietary restrictions were not always the same from patient

to patient. It depended on the clinical situation and the ability of the patients to



cope with the treatment. Basically the restriction consisted of two paits:

1. Initial restriction:

The patients received a diet of either:

a. A non-protein diet of 1.3 MJ/day (300 Calories/day" as

Hycal (63 per cent glucose syrup, Beecham Products,
England’ or as
b. A diet of 2.1 MJ/day (500 Calorles/day) which contained
50g protein. The initial restriction was given for a period
of 2 to 3 weeks.
2 Maintenance diet:
This diet followed the initial restriction and consisted of either-
a. A diet of 2.1 MJ/day (500 <alories/day) which contained
50 g protein, or as:
b. A diet of 3.4 MJ/day (000 Calorics/day) which also con-
tained 50 g protein, or:
c. A diet of 4.2 MJ/day (1000 (alories/day! which also con-
tained 50 g protein.
Patients were sent home on this maintenance diet and were followed for

periods of time which varied from patient to patient, depending on their co-opera-

tion.

An attempt to correlate the type of dietary restriction and weight loss, insulin

sensitivity and weight loss in these patients is discussed in the latter pat of this report,






CHAPTERII
RESULTS

A. Prol GTT:

Oral G TT wo» done In 20 obese patients and In 13 normal control subjects
(Tables 11, 12), 16 of these patients had their plasma Insulin measured. To avoid
unnecessary repetition, results reported below were only the results of  patients
who had their Insulin levels measured. There was no difference In the mean glu-

cose curve between these 16 patients and the mean curve of oil the 20 patients
1. Blood glucose:

The mean fasting blood glucose concentration was 4.89 * 0.16 m mol/I
(88.1 * 2.93 mg/100 ml) In the obese patients against 4.62 * 0.16 mmol/l (83.2*
2.92 mg/100 ml) in controls (Table 13). The difference was not significant (p >0.05).
However, during the test the concentrations of blood glucose in the patients continued
to rise after 30" ond the peak was at 60", whereas the peak in the controls was at 30"
Blood glucose concentrations in the patients were higher than in control subjects,

throughout the rest of the test, and the difference reached significant levels after

60" (p < 0.05) (Fig. ISA)

The average value for blood glucose concentration during the oral GTT was
6.73 40.28 mmol/l (121.2*5.10 m~/100 ml) In the obese potlents ogainst 5.71 *
0.18 mmol/I (102.8 4 3.25 mg/100 ml) In control subjects. The difference was sig-
nificant (p< 0.01) (Table 13).



Figure 18.

A*

Oral GTT in 16 obese patients ( 0 ) and 15 normal control subjects
-

Mean blood glucose values during oral GTr.

There were significant

fferences in the mean fasting values
(p <0.05)J and in the mean values at 60', 90'* 120' and 150'
(p <0.05) between the two groeps.

Mean plasma insulin values during oral CPT
There were significant differences in the mean fasting concentrations

(p < 0.05)] »«4 in the mean values at 60', 90°, 120" and 150'

(p < 0.05) between the two groeps.
Mean plasma NEFA values during oral GTT.

The differences between the mean values at various times during the

test were not si

7 normal control subjects).






2 Plosmo insulin:

The mean fasting plasma insjlin level wos 21 .4 * 2.88 llunit/m| In the obese
patients against 12.8* 1.31 ~unlt/m| In control subjects. The difference was sig-
nificant (p~ 0.05) (Table 17). During the test the levels of plasma insulin in the

patients continued to rise after 30" and the peak was at 60, whereas the peak in the

controls was at 30", Plasma insulin levels in the patients were higher than in control

siA>jects throughout the rest of the test and the difference reached significant levels

after 60' (p< 0.05) (Fig. 188)

The average value for plasma insulin concentration during oral GTT was
69.1 * 10.6 5 unit/ml in the obese patients against 33.5 * 3.51 [iunit/ml in control
subjects.

The difference was significant (p < 0.01) (Table 13).
During the selection of patients, any obvious diabetic (fasting blood glucose

concentration higher than 6.11 m mol/l) were excluded. (See Chapter IIA, Patients).

WHO criteria for diabetes (1965) states that in normal oral G TT, the upper limit of
120 minute value for blood glucose concentration is 6.11 m mol/lI (110 mg/100 ml)
According to this criteria, among 16 obese patients studied, 7 were ‘diabetic'and 8

were hon-diabetlcl Therefore, we could divide the 16 obese patients into two groups.

The hon-diabetic'obese group did not show any significant differences in the mean
blood glucose concentrations at various times during oral G TT compared to the nor-
mal control subjects, although they showed differences in mean plasma insulin con-
centrations. The differences between these two groups of obese patients and between

these two groups and normal control subjects are summarized in Table 14.



2. Plasma insulin:

The mean fasting plasma intjlin level was 21 .4 * 2.88 punit/ml in the obese
patients against 12.8 * 1.31 punit/ml in control subjects. The difference was sig-
nificant (p~ 0.05) (Table 17). During the test the levels of plasma insulin in the
patients continued to rise after 30" and the peak was at 60, whereas the peak in the
controls was at 30", Plasma insulin levels in the patients were higher than In control
siA>Jects throughout the rest of the test and the difference reached significant levels

after 60% (p < 0.05) (Fig. 188).

The average value for plasma insulin concentration during oral GTT was
W .l * 10.65i unit/ml in the obese patients against 33.5*3.51 punit/ml In control

subjects. The difference was significant (p < 0.01) (Table 13).

During the selection of patients, any obvious diabetic (fasting blood glucose
concentration higher thon 6.11 m mol/l) were excluded. (See Chapter IIA, Patients)
WHO criteria for diabetes (1965) slates that in normal oral G TT, the upper limit of
120 minute value for blood glucose concentration is 6.11 m mol/I (110 my/100 ml)

According to this criteria, among 16 obese patients studied, 7 were ‘diabetic'and 8

were hon-diabeticl Therefore, we could divide the 16 obese patients into two groups.

The hon-diabetic'obese group did not show any significant differences in the mean
blood glucose concentrations ot various times during oral G TT compared to the nor-
mal control subjects, although they showed differences in mean plasma insulin con-
centrations. The differences between these two groups of obese patients and between

these two groups and normal control subjects are summarized in Table 14.



The meon values for fasting blood glucose and plosma insulin, overage concentration
of blood glucose ond plosr-a insulin, ond insulir rglucose molor ratio during oral G T,
in patients ond control subjects (* SEM). Number of observations in parenthesis.

Meon fasting concentrations

Blood glucose  Plasma insulin

(m mol/l) ( unif/mi)
Patients (16) 4.89 * 2.9? 21.4i2.86
Controls (13) 4.62 % 0.16 12.8%1.31

1p< 0.05; "*p <0.01; ns m not significant

Wean of the overage valuefor 150 min. 10" x neon insulin:
glucose molor ratio

Blood glucose Plasma insulin

(n mol/l) (y uni/mli  (10%, . (wi/I

6.77 *0.28  69.1 * 10.65 495.8*76.4 75.3*11.0
571 %0.18  33.5*3.51 240.4 * 252 42.2*4.50
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sine* there wai no clear cut difference between the two groups of these obese

potionts, they will be reported In this work as one population.

The differences between non-diabetic ond diabetic obese patients will be

discussed later in Part V (General Discussion).

3. Insulin:glucose molar ratio;
The mean insulin:glucose molar ratio in the obese patients was (75.3 * 11.89)

X 10* against (42.2 1 4.50) x 10“* In control subjects. The difference was signifi-

cant (p <0.05) (Table 13).

4. Plasma NEFA

There was a great range in the levels of plasma NEFA both in the obese pat-

ients and in the controls. This applied to fasting levels as well os the levels during

the test. The mean fasting plasma NEFA level in the obese patients was 627 * 120

li mol/l against 590 * 68  mol/l in control subjects. The difference was not sig-

nificant (p> 0.05). In keeping with the elevated glucose and insulin values, there
was a tendency to a lower 120' plasma NEFA value in the patients, but throughout

the test, the difference in the mean plasma NEFA levels between the two groups was

not significant (p*> 0.05) (Fig. 180.

B. ivGTT and iv G ITT;

Iv GTT and iv G ITT were done in 16 obese patients and in 10 normal controls

(Table 11 and Table 12).



1. Kg votuc»:

The mean Kq value* In »He obete patient* wot 1.11 * 0.18 ‘X/mir.ute
against 1.81 * 0.28 %/mlinute In control «injects. The difference was significant
(p < 0.05) (Table »5)

There was no significant correlation between Kq and fasting plasma
insulin values during iv G T, In the obese patients nor in the control subjects
(Fig. 19A). A higher Kq value was usually related to a lower fasting plasma

insulin level

There was also no significant correlation between Kq ond peak plasma
Insulin values, in the obese patients nor in the control subjects (Fig. 198). How-

ever, again higher KG wo5 usually related to a lower peak plasma insulin level

2. Peak insulin levels during oral G TT ond Iv G TT;
There were 5 obese patients ond 9 normal control subjects who hod both

oral GTT and iv GTT done

The mean peak insulin levcisduring oral G TT were higher than the mean peak
Insulin levels during Iv G TT both in potients and in the control subjects. The dif-

ferences, however, were not significant (p >0.05) (Table 16).

The mean peak insulin level during oral GTT In the obese patients was 160.6 * 24.98

unit/m| against 72.0 * 7.26 |iunit/ml in the control subjects. The difference was

significant (p < 0.01) (Table 16).



Toble 15

Tha mao» values for Kg , *G # | "+ KF *" *e <*+" PO'T ™7+ in
eonfrol whitcf* (- SEM). Numbar of obarvation* In pamthasn.

Meon Valut*

kg kg Kf
(Vi) (v"*fo)

Obtit pattond 111+0.18 2.81 *0.35 2.8650.90
(1» ae> @
- * nt

3.10*0.73

Contresl| 181 *0.28 4556051

(10) o) («

< 0.05; n*m©t«gnificort
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Ham ig * Correlation between Ky and fasting plasaa insulin valui a during iv GTT,

in the obese patients (0 ) and normal control subjects (= ).
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Correlation betwoan Kq and peak plasma insulin values during

in the obese patients (0 ) and normal control subjects ( =

iv GTT,

).
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The mean peak insulin level during iv GTT in the obese patients was 138.4 *
11.17 Jiunit/ml against 54.0* 13.60 p unit/ml in the control subjects. This dif-

ference was also significant (p <0.051 (Table 16).

3. KG A |values

The mean Kq + | value in the obese patients was 2.81 i 0.35 Bf/minute against
4.55 4051 ~/'minute in control subjects. The difference was significant (p< 0.05)

(T'ible 15).

There was no correlation between Kq + |and fasting plasma insulin values In
the obese patients nor in the control subjects (Fig. 20A). However, the lower Kq + |
values were usually related to the higher fasting plasma insulin levels. This, however,
is really just saying that lower Kq + |values and higher fasting plasma insulin levels

are both characteristic of obesity.

There was also no correlation between Kq 4 | and pe?k plasma insulin values
during iv GTT In the obese patients nor in the control subjects (Fig. 20B). A higher

Ka 4 |was usually related to a lower peak plasma insulin level

There was a significant correla.on between Kq ond Kq 4 | values in the obese

patients and in the control subjects (p < 0.001) (Fig. 21).

4. Kp values

The mean Kp value in the obese patient was 2.86 * 0.90 %/minute against
3.10 * 0.73 S<t/minute in the normal subjects. The difference was not significant

(Table 15).



Tobia Ib

Th. woo p~k insulin tow llI*- SEMI durlnj, otol GTT ondi, ¢ " Potontond

normol control sublets. Numb« of obstructions in por.nlh«.s.

Meon Peck Insulin Level
CI*wt/mi)
Ratio of oral; iv

pedis isvi”

mamt 16

Ool GTT iy GTI

‘Obese Potient* 160.6 1 24.98 nt
(
©

p< (15 o pv(x].n*- not significant
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Correlation between tho % removal rato of elucose during tho intra-

venous glucose insulin toleranoe test (iv CITT) (K~j value) and

fasting plasaa insu

n oonoentration, in tho obese patients ( A )

and norsal oontrol subjects ( * ).






Figure 20 Ii. Correlation between and peak plasma insu

values during iv GOT,

in the obc39 patients (A ) and normal oontrol subeats ( * ).






Regression line between the values of XQ and in the :

obese patisnts (0 ) and normal oontrol subjects ( = ).
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C. Correlation between Biochemical Remit» ond Degree of Obesity

1. Blood glucose:

since subjects with a fasting blood glucose greater than 6.11 m mol/I
(110 mg/100 ml) were excluded from this study, the range In the fasting blood glu-
cose concentrations in patients as well as in controls was very narrow, lying between

3.39 mmol/l (61 mg/100 ml) and 6.05 m mol/l (109 mg/100 ml). In contrast to this,

there was a very wide spread in the range of % ideal body weight in these subjects.
The % ideal weights varied between 85 per cent (the lowest of the controls) ond

233 per cent (the highest of the obese group) (Fig. 22A). There was no correlation

between fasting blood glucose values and body weight as % ideal body weight
2. Plasma insulin:

There was a positive correlation between the logarithm of the value of fasting
plasma insulin concentration and % ideal body weight (p «~0.001). (Fig. 22B).

There was no statistical correlation between the peak plasma insulin concen-
tration during oral GTT (or the logarithms of these values) and % ideal body weight.
However, the lower values of peak plasma insulin concentration during oral G TT v/ere

usually related to lower values of % of ideal body weight. If we take 160 per cent of

Ideal body weight os a dividing line, the obese patients and normal control subjects

could be divided into two groups. One group was mode up of the subjects who hod

weights less than 160 per cent of their ideal body weight. Among 22 subjects (13 nor-

mal ond 9 obese) in this group, all except 5 (1 normal and 4 obese) had peak plasma

insulin concentrations less than 100 |i units/ml. The other group consisted of subjects

8
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Correlation between fasting blood glucose concentration and % ideal

body weight in the obese patients (0 ) and normal oontrol subjects







W-arurg 22 b.

Correlation between fasting plasma insulin concentration and % ideal

body weight in the obese patients ( D ) and normal control eubjeote

-



eueld »aing




who all had weight» higher than 160 par cent of their ideal body weight. Among 7
~object* (oil obeie) in thi» group, all except one had peak plasma insulin concen-
trations higher than 100 uniti/ml. However, only 5 out of 9 obese subjects who had
weights less than 160 per cent ideal body weight, hod low peak insulin concentra-

tions as found in the normal control subjects (Fig. 2?A).

There was no statistical correlation between the peak plasma insulin concen-
tration during Iv GTT and % of ideal body weight. However, here again, the lower
values of peak plasma insulin during iv GTT were usuolly refated to lower values of
% ideal body weight. And If once more we take 160 per cent ideol body weight as
adividing line, there were 14 (10 normal and 4 obese) whose body weight was less
than 160 per cent of their ideal body weight, and all except 2 (1 normal and 1 obese)
hod peak plasma insulin concentrations lew than 80 [lunit%/ml. However, 4 of the
obese who had weights less thon 160 per cent ideal weight, 3 still had low peak plasma
insulin concentrations as in normal control subjects. There were 9 others subjects
(all obese) who hod body weights higher thon 160 per cent ideal body weight, and all
except 1 had hod peak plasma insulin concentration higher than 80  units/ml. We
chose 80 [i unitv'ml instead of 100 puniti/m|, because usually there is a lower peak
plasma insulin value for Iv GTT compared to oral G TT, either in obese or in normal

control subjects (Fig. 23B).

3. KG votue

There was no statistical correlation between Kq value during iv GTT and %
ideal body weight. However, the lower values of Kq were usually related to higher v
of % ideal body weight. If, here again, we take 160 per cent ideal body weight as a

dividing line, 1S subjects (10 normal and 5 obese) who had their weights less than 160









Figure

B.

Correlation between peak plasma insulin value during iv GTT and
% ideal body weight in the obese patients ( ° ) and normal control

subjects ( m ).






per cent their ideal body weight, 9 (8 normal and 1 obese) had Kq values higher
than 10 %/min and only 6, (2 normal and 4 obese) hod Kq values lower than

1.20 %/min, 5 of the obese subjects who hod weights less than 160 per cent ideal
body weight, only 1 hod Ka value higher than 1.20 %/min, as in normal control
subjects. And among 11 subjects who had their weights equal or higher than 160
per cent their ideal body weight (all obese), all except 2 had KQ values lower than

1.20 %/min. (Fig. 24)

4. Kf; - Jvalues:

There was no statistical correlation between Kq + |volue during iv GTT
and % ideal body weight. However, the lower values of Kq + I were usually related
to higher values of % ideal body weight. I, here also, we take 160 per cent of ideal
body weight as a dividing line, 15 subjects (10 normal and 5 obese) who hod weights
less than 160 per cent their ideal body weight, 10 (8 normal and 2 obese) had Kq + |
values higher and only 5 (2 normal and 3 obese) had Kq 4 |values lower thon 3.20%/
min. However, only 2 out of 5 obese subjects who had weights less than 160 per cent
ideal body weight hod «. + |values higher than 3.20%/min as in normal control sub-

jects. 11 subjects had their weight higher than 160 per cent their ideal body weight

(all obese). All except 3 had Kq + |values less than 3.20%/mln. (Fig. 25)

D. The Effect of Dietary Restriction on Weight Loss in the Obese Patients;
As mentioned above, dietary management of patients was related firstly to
the need of the patients and secondly to those of the investigations a. the investi-

gation of protein turnover by Professor J.C. Waterlow, Dr. P. Sender, Dr. Susan Ell,



Figure a_ Correlation between  value and # ideal bodjr weight in the obeae

patients (O ) and noraal oontrol subject* (= ).












Figure 26.

Weight lose during dietary restriction in some obese patients
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Dr. P. Garlick ond Dr. G. Clugr*on (using rodioaetlve tyrosine and leucine), and

for this reason drug therapy was not usuolly employed except for a very small number

who received thyroxine; b. our study of glucose homeostasis.

There was no statistical correlation between the weight loss in the patients
(kg/doy) and the type of diet during dietary restriction. There was also no statistical
correlation between weight loss and «. or Kq +, values. There wasalso no statis-
tical correlation between weight loss and fasting values of plasma insulin or peak

plasma Insulin during oral GTT and Iv GTT (Table 1r)

Fig. 26 shows body weight changes during dietary treatment in some patients

showing different patterns of weight loss.



The effect of various dietar; restrictions in relation to Kg, and plasea insulin values
in sore obese patients. The patients’ nurbers are the me* «s those given m Table 11.

=Corpared with the data froa Geigy Scientific Tables, 1970.



CHAPTER IV
DISCUSSION

The results show the familiar findings of on Impairment [:i glucose tolerance in

obesity (Paullin and Saul, 1922; Beck et. ol m1964; Rerley and Kipnls, 1966;

Chiles and Tzagournis, 1970; Rabinowitz, 1970), and that this impairment Is usually

accomparied by hyperinsulinoemia.

A decrease In insulin sensitivity In respect to carbohydrate metabolism was
present in these patients as shown by high blood glucose in the presence of high
plasme insulin concentrations during the oral GTT (Fig. IGA; Fig. 188 ond Table 13).

similarly, the iv G TT In the obese patients showed that lower Kq values were usually

related to higher insulin concentrations (Fig. 19A and 198).

During Iv G ITT, the obese patients showed a significantly lower mean value

of Kq + [than did the normal controls (p =(0.01", (Table 151. The value of Ka ~ |
is a measure of Insulin sensitivity (in respect to carbohydrate metabolism), (Franckson

et. al. 1966; Heard and Henry, 1969a). Glucose tolerance (Kq value) was signifi-

cantly correlated to insulin sensitivity (p < 0.001) but not to the actual concentration

of plasma insulin (Fig. 21, Fig. 19A and Fig. 198B). These results confirm similar find-
ings reported in dogs on the

e of insulin rather then
Insulin concentration In determining glucose tolerance (Turner, 1966; Heard and

Turner, 1967; Heard and Henry, 1969 a)
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‘Insulin sensitivity' or ‘insulin resistance’ are terms which have usually been

used In the context of

( et. al. 1966; Heard

and Turner, 1967; Heard ond Henry, 1969 a'.

Insulin resistance in respect to fat metabolism probably also occurred in the
obese patients. Most reports show that obese subjects have slightly elevated plasma

NEFA. In the present small series, however, there were no significant differences
between the obese patients and control subjects in the values of fasting plasma NEFA
(Fig. 18C), norin the fall of plasma NEFA concentrations during oral G TT (Fig. 18C)
and Iv GTT (Kp; Table 15). In all cases, however, the observed 'normal’ values

of NEFA in the obese subjects were by higher cor

ns of plasma

insulin (Fig. 188); implying an overall resistance of fat metabolism to insulin.

Insulin inhibits lipolysis (Kipnis, 1965); on the other hand, insulin promoted

glucose uptake ond lipogenesis (Jeonrenaud and Renold, 1969). Either will result in
the fall in plasma NEFA concentration. Only a very low level of insulin is needed to
inhibit lipolysis, ond once this level has been exceeded (Kipnis, 1965) any further
effect of Insulin on NEFA levels would be expected to operate via enhanced glucose

uptake and recsterification of NEFA. The insulin resistance reflected in NEFA

insulin relationships might therefore be in large part another measure of insulin resis-
tance in respect to glucose metabolism. Kipnis (1965) also showed that growth hor-
mone administration resulted in an apparent dissociation between muscle and adipose

tissue in response to insulin, and he discussed the question of whether this is due to

different organ sensitivity to insulin or different responses of glucose uptake and

inhibition of lipolysis.



12

passmore, Meiklejohn, Dewar and Thow (1955) observed that weight gain

in thin young men was less than expected when they were subjected to an overfeeding
for 14 days. Whereas overfeeding In two lot young women resulted In a greater
weight gain than that which was found in these thin men (Passmore, Swinndel and

El Din, 1963). Not only are obese people still susceptible to increased energy

intake, but they also seemed to have lost the capacity to bum the extra energy In

the same way as thin people do. It is interesting to note that Roily (1921), more

than fifty years ago showed that the specific dynamic action of food stuff was
reduced to practically zero after the development of obesity. ‘Specific dynamic
action* is the term used to describe the effect of food in raising the metabolic rate

above the value when fasting

All obese patients must at some time eat in excess of their requirements In

order to tip the energy balance and put on weight. This early stage could be des-

cribed as an 'active’ obesity, and reflects a 'normal' subject who eats to excess.

He may, therefore, still have a normal insulin sensitivity (In respect of carbohydrate

and fat). ‘Active’ obesity is represented here by the similarity between controls

and some obese subjects under 160 per cent ideal body weight in the values of fast-

ing insulin (Fig. 228) and peak insulin during oral G TT (Fig. 23A) and iv G TT (Fig.

23B). Some of these patients, however, had started to have higher values of fasting

insulin, peak insulin during oral GTT and iv G TT. Interestingly, most of them had

already shown a decrease in iv glucose tolerance (Kq , Fig. 24) and insulin sensitivity
(Kg + V Fig. 25). This group may represent a transition period before they go into a

further stage, i.e. ‘passive’ obesity. ‘Passive’ obesity could be represented here by



the obese subjects above 160 per cent Ideal body weight showing predominant pic-
tures of high fasting Insulin concentrations (Fig. 228", high peak insulin during
oral GTT (Fig. 23A) and Iv G TT (Fig. 23B), low Kq values (Fig. 24), and low

insulin sensitivity (Kg + |) (Fig. 25",

Some apparently'normal’ subjects showed very high values for Kq and
KG + 1 (Fg* 21, 24 and 25). It Is speculated that these subjects may be In an
early phase of ‘active’ obesity. This speculation Is based on the similar pattern
of changes in Kq and Kq + | found in experimental animals fed diets deficient
In protein (Heard and Turner, 1967; Heard and Stewart, 1971). In all cases,
early signs of hypersensitivity to insulin were later followed by an impairment
of glucose tolerance and diminished Insulin sensitivity. However, such specula-

tion requires further investigation.

Our results are in line with the view that 'gorging’ should be avoided,

especially if the diet is rich In carbohydrate. ‘Gorging' leods to a greater increase
In :ipogenesls (Gwinup, Byron, Roush, Kruger and Hanwl, 1973; Bray, 1972). This
effect would be accentuated in those who are already obese and in whom any carbo-
hydrate intake (oral or iv) leads to very high levels of plasma Insulin (Table 12, Figs

1», 23A, and 238)



it it very difficult to assets the effect of dietary restriction on body weight

in these patients. It depends more on the willpower to stick to the diet and the

mental attitude of the individual. Some followed the diet restriction properly,

some did not, resulting in an inability to show any weight loss. As the patients

primarily came for treatment, the type of diet may, therefore, differ from subject

to subject.

None of the biochemical parameters measured In this work showed any

predictive value In respect of effectiveness of dietary therapy.

This may seem surprising  if obesity is to be regarded not as a diseasel,
but rather as a 'gift'. The genetic development of obesity s not at all well
understood In man. The genotype for obesity was assumed to be present since

early human population (Montagu, 1966). To ancient people in the paleolithic
times, or perhaps even at present, in areas where food could sometimes be
scarce, the ability to become obese, would have provided greater reserves of

food supply upon which to draw in times of scarcity.



PART IV

GLUCOSE HOMEOSTASIS

IN

OLD AGE
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CHAPTER |
INTRODUCTION

A. Ageing Process:

In the pot* century, man® life hat

r (Depart-
ment of Health and Social Security, England, 1976), through the advancing knowledge
of modem medicine. This has been in two main areas: in preventive medicine, through
Improvement of the environmental sanitation, better management not only in maternal
ond child health care, but also the health of the population in general; and in the
field of curative medicine, especially following the discovery of antibiotics. While
the medical successes are considered a good thing, the results expose us to different
kinds of new problems. The increasing number of old people in the community empha-
sizes the importance of seeking better knowledge of ageing processes, ond better atti-

tudes in caring for and understanding old people.

The word ‘ageing’ means to ‘grow old' (Oxford Concise English Dictionary)
However, in biological studies, this term could have many different connotations.
Bellamy (19701 gave a definition of ageing as a "decline In the ability of the homeo-
static system of the body to cope with fluctuations in the external world" . In the
process of growing old, there is a steady decline of physiological functions, in con-
junction with a decline in anatomical, biochemical and hormonal features ond per-
formance (N orris ond Shock, 1966). A decrease in physical activity with or without
painful feelings in the bones and joints, a decrease in food intake, emotional dis-
turbances and many other physical or psychological inadequacies show that old age

and stress are closely associated. Old age, therefore, is not merely the passing of



years, but many malfunctions added together become a generalized picture of old age,
and, whatever the original cause, some elements of stress either physical or psycholo-

gical or both are always present In old age (see Part I, Chapter IV, Stress).

B. Ageing and Carbohydrate Metabolism

Increasing age has always been associated with a decline in glucose tolerance,
either oral GTT (Brant, 1960; Burch and O'Meally, 1967; Chlouverakis, Jarrett
and Keen , 1967), or the Iv GTT (Streeten, Gerstein, Marmot and Doisy, 1965;
Franckson et. al. 1966; Cockford, Harbeck and Williams, 1966). The decline in
Iv glucose tolerance is associated with a decrease in insulin production (Cockford
et. ol. 1966). However, in the oral G TT, some have claimed that the prolonged

hyperglycaemia resulted in higher levels of plasma insulin (Chlouverokis et. al. 1967;

Andres, Pozefsky, Swerdloff and Tobin, 1970).

It is important to try to decide whether we should apply the some criteria in
diagnosing and treating diabetes in the elderly as are used for young adults. Most
authorities would suggest making 'allowances’ for age (WHO Expert Committee on
diabetes mellitus, 1965; Andres, 1971). This seems reasonable if only because
elderly people probably have diminished food intake and sometimes have impaired
absorptive capacity (Webster and Leeming, 1975), and, therefore, do not, under
normal circumstances, food their systems to the sane extent as young people. In

tolerance tests on the other hand, the same food is given to young and old alike.

Andres (197-i), In his review claimed that impaired glucose toleronce (intra-

venous test) in the elderly was due, not to impaired sensitivity to insulin, but to



deficient insulin

H 1, he alto ackr d that there was not
yet any clear consensus between various workers about plasi.a insulin levels during

the oral GTT.

In all the other situations we have studied, insulin sensitivity played as
large a pert (if not more) In determining glucose tolerance asdid insulin levels
Therefore, we sought to differentiate between insulin levels and insulin effective-

ness In the elderly.

Because of the gostro-intestinal tract changes in old people (Agate, 1963),
including possible impairment in intestinal insulinogcnic capacity, and also the
Inconclusive reports on insulin response during oral G TT, it was also desirable to
compare the effects of oral and Iv glucose loads on blood glucoso and plasma

insulin levels.

The decrease in glucoso tolerance in old age could bo due either to the
decreased uptake of glucose by the liver ond peripheral tissues, or duo to tho

inability of insulin to stop liver glucor

., wo also tho
gluconeogenic capacity of tho liver between the geriatric patients and normal con-
trol subjects. This was carried out by intravenous injection of I-alanine (Wise,
Handler ond Felig, 1973; Mcstyan, Schultz and Horvath, 1974) and measuring tho
rise in blood glucoso concentration, the changes in plasma insulin and glucagon,
ond the disappearance of injected I-aloninc from the circulation. Tho % removal

rate of injected I-alaninc (K~) was calculated the same way as those calculations

for Kq and Kq + |. (Sec Part Ill, Chapter Il, Methods).



C. Intravenous l-olonine Tolerance Test ond o Meosure of Gluconeogenesis:

Gluconeogenesis It very difficult to measure. A number of different 'tolerance’

tests have been used In which substrates capable of serving at glucose precursors hove

been administered. These include dil

ocetone or glycerol Koster,

Grose ond Sorgedrager, 1974), fructose (Pagliara, Karl, Keating, Brown and Kipnis,
1972), pyruvate (Moorhouse, 1964), Lactate (Kreitberg, Pennington and Bothell, 1970)
and alanine (Fellg, Marlits, Owen and Cahill, 1969; Wise et. ol. 1972; Mesty6n et
al. 1974). Alanine it of special importance. It has been suggested that alanine uptake
by the liveramounts to 50 per cent of the total amino acid uptake by this organ (Felig,

Wahren, 1971). This is accounted for by the fact that alanine Is also released by the

muscles in amounts far exceeding the alanine content of muscle protein. Protein con-

tains only 5 to 7 per cent alanine (Kominz, Hough, Symond and Laki, 1754), yet ala-
nine accounts for about 30 per cent of total amino acids released from muscle (London,

Foley and Webb, 1965).

This production of alanine requires pyruvate to serve as an amino group accep-

tor in alanine amino transferase reactions. Pyruvate is derived from glucose by gly-

colysis in muscle. In the liver, pyruvate is regenerated from alanine, and then

serves asa i to replenish the glucose removed from the blood

by muscle and other tissues, and so completes the ‘glucose-alanine cycle’ (Felig, 1973).
The success of this process, therefore, depends upon the availability of glucose pre-

cursors and the efficiency of the liver in converting alanine into glucose.



Alaiine It known to promote both gluconeogenesls ond glycogenoly»is through
of glucogon

(Wise, Hendler and Felig, 1972). Thu», tha rite
in blood glucose concentration! after intravenous alanine administration cannot be
attributed to gluconeogenesit alone, unless liver glycogen stores have been depleted
by fasting. Ideally, the subject should be fosted 24 to 46 hours to be sure of more or

less complete exhaustion of liver glycogen stores (Hultman and Nilsson, 1971).

How-
ever, such a procedure was not possible on geriatric patients.

With this limitation
token into account, geriatric patients and normal control subjects were given an intra-

venous alanine test after fasting for 8 hours from midnight.



CHAPTER Il
MATERIAL AND METHOPS

A. Subject*:
| . Potlc-It*:

Patient* from the geriatric ward», St. Poncra» Hotpital, were »tudied. They

were ashed \c*her they would be willing to consider participating and the kind* of

test* involved were explained In detail. Consent (oral or written) wo* thus obtained

from each patient and control »object participating In the *tudy. There patient* woie

presented to u* a* non-diabetic*, and any subject* who had a fatting blood glucose
concentration higher than 6.11 mmol/I (HO mg/100 mi) (working party. College of

General Practitioner», 1963) were excluded. Their medical record* »howed that none

of these patient* hod ony glycosuria, ond all received normal hotpital diet.

The first three te*t* (oral G TT, Iv GTT and iv GITT) were carried out on 23
patient* (Table 18). Their mean ago wa* 79 :-u year*, their mean body weight wa*
561 2.2 kc For three to four day* before the te*t*, each of them received an extra

150 g cartohydrate/day. This wa* to ensure that all the subject* hod a reasonable

corbohydrate intake before the tests were done. Thi* extra carbohydrate wo* In the

form of 150 g/600 tnl solution, consisting of 50 per cent orange juice and 50 per cent

Caloreen (Scientific Hospital Supplies Ltd ., Englond).

Unfortunately, some of the patients were not able to participate in the fourth

test, the Intravenous (lv) alonine tolerance test. They were either unwilling or were



Table 18 32

Lift of geriatric patient* who participated in oral
GTT, IvGTTandiv GUT

Subject Sex Body weight Previous disease*
fan) 1+9 > .
GV F 88 50 Gangrene of the toes,
amputation
wrt F 87 51 Myocardial infarct
CH M 74 69 Atherosclerosis
ov M 83 69 Myocardial infarct
v M 83 60 Left hemiplegia
CR M 74 73 Prostatectomy
ED F 7 7 Kyphosis
EL F 8L 50 Rheumatoid arthritis
PS F 7 60 Myocardial infarct
SH F 76 50 Mitral stenosis
FD M 73 62 Myocardial infarct
BJ F 78 57 C.V.A., right hemiplegia
BX F 82 43 Dementia
oT1 M 79 37 Dementia
FL F 82 47 C.V.A.
MR ™M 78 67 C.V.A., paraplegia
EN M 86 61 Prostate hypertrophy
MG F 74 62 Cervical spondylitis
MmC ™M 78 55 C.V.A., right hemiplegia
PG M 77 53 Mild left ventricular failure
bW F 73 67 Dermoid tumour In the pelvis
PN F 78 34 carcinoma cervix
ST ™M 68 49 C.V.A., right hemiplegia



unable to do to because of their clinical conditions. Therefore, a few more patients
had to be added to make up a reasonable number. Fig. 19 shows the list of 8 geria-
tric patients who had the iv alanine tolerance test. Their mean age was 78 * 1.6

years and their mean body weight was 52 1 3.9 kg.

Due to the advanced age of all geriatric patients studied, we were unable
to get a reliable measurement of their heights, thus also unable to calculate their

% ideal body weight, and these measurements were not included In this report.

2. Normal subjects:
Normal control subjects for the oral GTT, iv GTT and Iv G ITT, were the
same 14 young, non-obese subjects used as controls in the study on obesity (see

Part 111, Chapter II, Normal Sigjects), (Table 12).

As with the patients, so also with the control subjects; some of the original
volunteers were unwilling or not available to participate in further tests. More

new volunteers were, therefore, recruited to make a reasonable number of control
subjects for the iv alanine tolerance test Table 20 shows the list of 8 control subjects
for the iv alanine tolerance test. Their mean oge was 28 * 1.5 years, their mean

height was 172 * 3.5 cm, their mean weight was 65 * 4.2 kg, and their mean %



Toble 19

LI*» of geriatric patient* who porticipated In
the Intravenou* alanine tolerance te*t

subject sex Body weight
(&*> (151—
6 M 78 67
FL F 82 a7
EL F 8 46
cL F 82 a1
AD F 77 56
HE M 7 63
BJ F 78 57



subject

AT

RA

ws

VP

CN

Lis» of control

Sex

n

2 =2

34

32

Table 20

subjects who participated in »be
intravenous alanine tolerance test

Height
(cm)

181
169

170

162

Weight
(M

76

58

70

% ideal weight

94

97

99

86

102

95

* Compared witb #ie data from Geigy Scientific Tables (1970)



ideal body weight was 95 * 1.8%

B. The Tests:
1. Oral GTT, iv GTT and iv G 1TT:
The methods and procedures used in these tests, the calculation of the average
glucose or insulin concentrations and insulin:glucose molar ratio during oral G TT;
the calculation of Kq and Kp In the iv GTT, and Kq + |in Iv G ITT, have all been

described (see Part 11, Chapter |1, Methods).

Although all geriatric patients showed low values of Kg a*" KG 4 1' ° ‘%ew
of the first patients tested showed hypoglycocmic signs a few minutes after the end
of the iv G ITT. For that reason, all later patients received an extra 20 - 30 ml of

50 per cent glucose solution intravenously at the end of the iv G ITT, and the nursing

stoff was asked to provide food and drink as soon as passible.

2. Intravenous alanine tolerance test (Iv ATT):
This test was devised as a measure of the gluconeogenic capacity of the liver.

The subjects were fasted from midnight and the test was carried out in the morning.

A butterfly needle attached to an antecubital vein of one arm was used for
drawing blood sample. Two fasting blood samples (10 minutes opart) were token ot
about 9.30 a.m. Through the same needle, a solution of 10 per cent I-alanine

(0.15 g/"cg body weight) (Wise ct. al. 1972) was Injected. The alanine solution
(see section B.3. below) was injected within 5 minutes, and serial blood samples

through the same needle, were taken ot 5* 10, 20', 30', 60' 90' and 120* after



the infection. The proce <e ro: handling blood templet wot timilar to thote in the
oral GTT, iv GTT or iv G ITT. Except that for glucagon estimation, that 4.5 mi of
blood wat alto taken aid added to another heparin tube containing 0.5 mi cold solu-
tion of Trasylol (10,000 KIU/mI, Bayer) ond after immediate centrifugation the super-

natant wat frozen rapidly In tolid CO2 and stored at -20° C until the day of analysis.

Although none of the subjects complained of having ony clinical complications
from this test, a few of them however, experienced a slight stomach discomfort for

several minutes following the injection of alanine.

3. 10% I- alanine solution:

Alanine were made by d g sterile l-al (Kabi-Vitrum Pharma-
ceutical, Sweden) In sterile distilled water as a 10% solution. Thissolution was buf-
fered to a ph between 7.0 ana 7.3 with sodium hydroxide. It was then passed through

a millipore filter and autoclaved at 120° C for 10 minutes (Mestyan et. ol., 1974)

This alanine solution was mode by the D of y. U y
College Hospital. We attempted to make our own solutions, but the Hospital refused
to allow us to do the test unless the solution was made by the Hospital's own Pharmacy

and from time to time the quality control of the solution was checked.

C. Analytical Methods:
Analysis for blood or plasma glucose, plasma NEFA, plasma Insulin and plasma
glucagon were carried out according to the procedures reported in the previous study

(see Part I, Chapter Il, Methods'. Plasma alanine was analysed by an enzymatic



method, using I-alonine dehydrogenase (Reilly, 1975) with reogent* supplied by the

Boehringer Corporation, London Ltd.

D. Assessment of the Data:
Student's t test was used for comparing the patients data with those of the

controls.



CHAPTER Il
RESULTS

A. OwWlGTT
The oral GTT was carried out In 23 geriatric patients and In 13 normal control

subjects (Tables 12 and 23).

1. Blood glucose:

The mean blood glucose concentration was 4.92 * 0.11 mmol/l (88.6 *2.02
mg/100 mg) in the geriatric patients against 4.62 * 0.16 mmol/l (83.2 * 2.92 mg/
100 ml) in control subjects (Table 21, Fig. 27). The difference was not significant
(p > 0.05), but during the test the concentrations of blood glucose in the patients
continued to rise after 30" and the peak was at 90, whereas the peak in the controls
was at 30". Blood glucose concentrations In the patients were higher than in control
subjects throughout the rest of the test. And the difference reached significant levels

after 60 (p <0.01, and from 90’ p < 0.001) (Fig. 27A).

The average value for blood glucose concentration during the oral G TT was
7.72 * 0.28 mmol/I (139.1 * 5.05 mg/100 ml) in the geriatric patients against
5.71 - 0.18 mmol/l (102.8 * 3.25 mg/100 ml) in control subjects. The difference

was significant (p <0.01) (Table 21).

2. Plosmo insulin:
The mean fasting plasma insulin concentration was 12.3 * 0.54 |iunit/ml In
the geriatric patients against 12.8*1 .31 (lunit/ml in control subjects. The differ-

ence was rot significant (p > 0.05) (Table 21). During the test the concentrations



oral GTT in 23 geriatric patienta ( 0 ) and 13 normal control

subjects ( = ).

Mean blood glucose values during oral GI*T.

There were signi

icant differences in the mean values at 60"
(p < 0.01), and at 90», 120* and 150» (p < 0.001) between the

groeps.

Mean plasma insulin values during oral GTT.
There were significant differences in the mean values at 30"

(p <0.01), at 120« (p < 0.05) and at 150» (p < 0.01) between
two groeps.

Mean plasma NE?A values during oral GTT.

two

these

Except for the mean fasting levels (p < 0.05), the differences in

the mean levels at various times during the test between the two

groeps were not significant.

(mean values of 12 geriatric and 7 normal control subjects).
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of plasma insolir In the geriatric patients did not rise as high as in the control subjects,
but continued to rise after 30", and the peak was at 90'. Whereas the peak In the
controls was at 30". Plasma insulin concentrations in the patients were lower than
in control subjects, up to 60" (significant difference at 30", p< 0.01). But, while
the insulin concentration after 60" decreased in the control subjects, the insulin con-
centration in the patients remained high, and was significantly greater than in the

controls at 120'and 150'(p < 0.05 and p <0.001 respectively). (Fig. 278).

The average value for plasma insulin concentration during oral G TT was
1.6 * 2.52 JAunit/ml in the geriatric patients against 32.5 1 3.51 JAunit/m| in con-

trol subjects. The difference was not significant (p> 0.05) (Table 21).

As also In the study of obesity (Part 111, Chapter I, Patients) any overt
diabetics (fasting blood glucose higher than 6.11 m mol/l) were excluded during the
initial selection of patients. WHO (19651 further gave as a criterion for o ‘normal’
oral G TT, that the 120" blood glucose value should be less than 6.11 m mol/l (HO mg/
100 ml) and gave the lower limit for diabetes as a 120" value of 7.22 m mol/l (130 ../
100 ml). Havlng regard to the advanced age (mean 79 * 1.1 years) of these patients
we arbitrarily chose 7.77 m mol/I (140 mg/100 ml) for an upper limit for "non-diabetic’
geriatric subjects. According to this new criterion, among 23 geriatric patients studied,

15 could be classified as ‘diabetic’ ond 8 as ‘non-diabetic geriatrics (Table 22).

Fortuitously, the dividing line of 7.77 mmol/I comesponded closely with the mean



Tobu 21

The non for «citing blood glocos. ond plows insulin, o.«rog. coocortotis» of
blood olucoto ond plow insulin, ond insulintglucos. oolor -ot'o during o-ol GIT, in
,.rio.fic patients ond control «Meets (i SIM). Nonbor of obseootion. In potenthosls.

1
Meon fasting concentrations Meon of rfwovroge volu* hr———-min.

Blood glucos«  Ploso insulin  Blood glucos« ptagnasﬁn
(mnol/ll (11 unit/mi) (mmul/l (I univml)  <dekdiinol/)

wed 2W BE 72208 BZ 201
B B4 DI 5108 IR WAE

p«0.05 ** p~O.0Ol n*»not significant

IQ6 X won iruuHn:
glucos« motor ratio

D82
2249



120" blood glucose value for all 23 patients (8.12 m mol/l).

3. Insulin:glucose molar ratio:
The mean insulin:gluco*e molar ratio In the geriatric patients was (29.8 * 2.27)

x 10"~ against (42.2 - 4.50) x 10" in control subjects. The difference was significant

(p- 0.01) (Table 21)

4. Plasma NEFA;

There was a great range in the levels of plasma NEFA both in the geriatric
patients ond in control subjects. This applied to the fasting concentrations as well
as to the concentrations during the test. The mean fasting plasma NEFA concentration
in the geriatric patients was 866 ~ 86 |l mol/I against 590 * 68 P mol/l in control
subjects. The difference was significant (p <~0.05). Although the plasma insulin
concentrations during the oral G TT were lower in the geriatric patients, there were
no significant differences In the mean NEFA concentrations at any time during the
test between the geriatric patients and the normal controls. The NEFA curve during
the oral GTT in the patients mirrored their sluggish insulin curve, showing a delayed
and prolonged reaction. Thus at 150' the mean NEFA concentration was lower in the
patients than in the controls, since in the tatter the NEFA concentration had started

to rise again (Fig. 27C).

B. IvGTT and iv GITT;
The Iv G TT and iv GITT were carried out in 23 geriatric patients and in 10
normal controls (Tables 23 and 12).
1. Kf; values:

The mean Kg value in the geriatric patients was 0.98 * 0.09 %/min against



Table 22

ﬁmm pleura itolla cnn<*n»e.lon. dune, ansi GTTin * . 'dlab.iv end Van-d»b..Ic"
. co,aol (* SEMI. Nun*» oloU.~a.lon. In pa”ndtos.

Mean blood places. concanlrafiens Meg, plosnei insulin concentre.ions

(*mal/i> (llie tivw )
o 15* »e @ 90* 120+ 1»* o~ 15 30 60 90* 120~ 150*

‘Diabetic' gariotries  5.07 637 7.66 924 9.74 9.07 831 123 215 319 371 357 341 288
$ 2 2 2 2 2 2

2
05)
0.15 022 0.28 0.49 052 0.46 043 072 227 464 5.28 4.03 401 2.46
Ix 1
‘Noi-diabtric’ 463 577 643 7.08 704 635 578 ‘2.4 314 320 321 400 281 25.9
geriatrics (8) 2 1 2 1 2 2 2
008 045 044 040 037 027 038 082 1018 492 537 1160 245 3.96
Ix 1l P Ty
X 1
Control subjects 462 615 719 640 481 436 128 37.3 563 471 27.8 206 148
1 i 2 2 2 2 2 2 2 2

0.16 0.36 0.30 0.32 0.20 0.19 131 539 682 6.97 3.65 294 134

<0,05 **p<0.01 ,<0.001
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1.81 * 0.28%/min In »he control subject!. The difference wos significant (p ~0.001)

(Table 23).

There was no statistical correlation between Kq and fasting plasma insulin
values during iv GTT In the combined group of geriatric pateints and the normal con-

trols (Fig. 28A).

There was also no correlation between Kq and peak plasma insulin values.
In the geriatric patients and control subjects (Fig. 288". However, a higher Kq was

usually related to a lowet peak plasma Insulin concentration .

2. Peak Insulin concentrations during oral GTT and iv GTT.

There were 23 geriatric and 9 normal control subjects who had both oral and

Iv GTT done.

The mean peak insulin concentrations during the oral G TT were higher than

the mean peak insulin concentrations during iv G TT both in the geriatric patients ond
In the control subjects. The differences, however, wore not significant (p> 0.05)
(Table 24). Whereas in the control subjects the peak insulin concentrations during the
oral GTT were always higher than the peak during the Iv G TT, in the geriatric patients
however, 8 out of 23 patients had peak insulin concentrations during the iv G TT higher
than the peak during the oral G TT. This suggested that in these 8 geriatric patients
there was some degree of small intestinal malabsorption. The mean peak insulin con-
centration during the oral test in the geriatric patients was 48.0 * 5.34 p unit/ml
against 72.0 - 7.26 p unit/ml in the control subjects. The difference was significant

(p<0.05" (Table 24).
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The mean peak Intulln concentration during iv GTT in the geriatric patient» wa*

41.6*5.13 Il unlt/ml against 54.0 * 13.60 [iunit/ml in the control subject*. Thi*

difference was not significant (p> 0.05' (Table 24".

5. KQal valueoi
The mean Kc+l value in the geriatrio patients was 2.29 + 0.16%/minute

against 4.55 .+ 0.51 In the oontrol subjects. The difference was

cant (p<0.001> (Table 23).

There was no correlation between and fasting plasma insulin values

in the geriatric patients nor in control subjects (I

29 A).
There was also no correlation between and peak plasma insulin valuss
during iv GTT in the geriatric patients nor in control subjects (Fig. 29 B).
There was a highly significant correlation between and values
in the combined geriatric patients and normal control subjects,

p <0.001) (Fig. *50).

(r = 0.71.

. Kp values :

The moan  value in the geriatric patients was 2.21 +,0.34 %/mtnute

against 3.10 +0.75 X/mlnute in the normal control subjects. The difference

icant (Table 2j)

was not sig
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Figuren 29 A. Correlation between KOfl and fasting plasna insulin values during

iv CTT in the geriatric patients (0 ) and normal control subjects

<o )e

%9 B. Correlation between KGfJ and peak plasma insulin values during
iv GTT

" )=

the geriatric patients ( A ) and normal control sabJsots






Regression line between the values of K, and K~j in the combined group of

feriatric p ttents (0 ) and noraial control subjects (= ).
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C. Iv Alonin» Toleronce Tw* (iv ATT):

1. Wood glucose:

The mean fatting blood fllocate concentration wot 4.77 - 0.17 mmol/I

(85.9 - 3.02 mg/100 "

h®8ria,fic pa»*Ib» 0=n* 4 52 * °-07 mmol/1
(88.6 * 1.32 mg/100 ml' In the control tubjectt (Fig. 3*A). The difference wot
not tignificont (p > 0.05). During the tett in the geriatric patlentt, blood glucote
concentration continued to rite after 10* and reached a ploteao only at 30\
whereat the blood glucote concentration in the control tubjectt only rote and

reached a peak at 10* before falling again. Blood glucote concentration In the

geriatric patienit were tignifieontly higher than in the control tubjectt from 30*

onwardt (p <0.01) (Fig=3IA).

2. Plasma insulin:
Tt.e mean fatting plaano intalin concentration v/at 7.8 1 0.86 |i anit/ml

In lke geriatric gallant! agairtt 10.» 1 1.22 |Lunli/tnl In Ike c tnlrol .object..

Tl.. difference tea. .igntficont (p< 0.011(Fig. 2<8> During the ta.t the lev.It

al platmo intulin In the control .object, contl.taerl to rite and tk. peek — rot 30",

wkereo. tke peak In tk. geriatric patient, wa. at 5' Tkrougkaut th» te.t tk. plo.ma
In.alia concentration. In Ik. control .object. were olteoy. kigker tkan In tke getla-

ttic patient.. Tke difference, were tignificant at 10 and 20", (p< 0.001), ot 30'
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Figure ?1m Intravenour Alanine tolerance test (0.15 g l-alal

ine/Kg BI)

In 8 geriatric patient* (0 ) and 8 normal control subjects
Cm )=
Mean blood glucooe concentration following the iv Injection of

alanine.

There wa* no signi

icant difference in the mean fasting blood glucose

levels, but In the geriatric patients blood glucose was raised and

remained elevated throughout the test. The difference

‘the mean
levels reached signtlcant level oXter >0« (p < 0.01).

Mean plasma insulin values at various times during the test.

There was a significant difference in the fasting values between the

two group» (p < 0.01)] at 10* and 20* (p <0.001), at 30
(p < 0.01).

and 60*
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and 60 (p <0.01) (Fig. 31»).

3 Plotmo otoninc:
The mean fatting plasma alanine concentration wot 398 1 64 |i mol/I in
the geriatric patient> ogointt 387 * 62 p mol/I In the control »object». The dif-

ference wot not significant (Table 25).

The peak plasma alanine concentration wa» 5536 - 362 11 mol/l in the ger-
iatric patient* ogoinst 5456 - 661 3 mol/I in the control subjects. Both we-e at

5' after on Injection of l-alanine and the difference was not significant (Table 25).

The mean % removal rate of alanine (K~) was 2.93 i 0.1 8 %/min in the
geriatric patients against 5.31 * 0.71 %/min In the control subjects. The differ-

ence was highly significant (p < 0.001) (Table 25).

4. Plasma glucagon

Radioimmuno assay of glucagon is caried out In Dr. S.R. Bloom's laboratory.
The Royal Post Groduote Medical School, London. At present, they are having dif-
ficulty with the assay technique, and at the time of writing this thesis, results of
plasma glucagon levels during the iv alanine test have not been received. The

glucagon results cannot therefore be included in this report, but it is hoped to add

them at a separate appendix as soon as they are available.



Tobi* 25

The freon tasting and peak concentrations and the mean percentage removol rate
of plosmo alanine (K”) during iv alanine tolerance test (* $EM', in the geriatric
patients ond in the control subjects. Number of observations in porenthesis.

(Vmin)
Mean tasting concentration Mean peck concentration
(at 5%
Geriatric patients 398* 64 5536 * 362 2.93*0.18
@)
it ns s

Control subjects 387 =62 5*561641 531*071
@

p (0.05; nst notsignificant
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CHAPTER IV
DISCUSSION

Our results show the familiar findings of on impairmanf in oral GTT in old
age (Brant, 1960; Burch and O'Meally, 1967; Chtouverakls, at. ol., 1967; Smith
and Hall, 1973' (Fig. 27A). Insulin secretion showed a sluggish response to the
glucose lood, with a delayed peak at 90° (Fig. 278). The peak of plasma insulin
corresponded with the peak of the glucose curve. There was no significant differ-
ence in tire mean fasting concentration aid the mean average concentration of
plasma insulin during the oral G TT, between the geriatric patients and normal con-
trol subjects. However, the insulintglucose molar ratio was significantly lower in

the geriatric patients (p <0.01) (Toble 21).

This work has demonstrated tnat looking only ot a single time for insulin
during the oral G TT, e.g. the 60" value as reported by Chlouverakis, et. al.
(1967), could be very misleading, since at that stage (60°) insulin concentration in
geriatric patients wos still rising (peak ot 90°) whereas in the control subjects It wos
in the process of going down (peak at 30"). Therefore, at this time (60), there was
on apparently higher mean plasma insulin value in the geriatric subjects (Fig. 278).
Our results ore in line with those reported by Smith and Hall (1973), where they

also hod serial measurements of plasma insulin during the oral GTT

It is interesting to note that the decrease in the level of plasma NEFA during

the oral G TT was not significantly different between the geriatric patients and nor-

mal controls (Fig. 27C), despite the fact that the geriatric patients hod a delayed

insulin curve. This suggests that insulin levels in the geriatric patients were still



able to prevent NEFA release from adipose tissue. Plasma NEFA concentrations,

like those of plasma insulin also showed a sluggish response to glucose administra-

tion In the elderly.

Our results also confirmed earlier findings that old people have an impair-
ment In iv GTT (Streeten, et, ol. 1965; Franckson et. al., 1966; Cockford. et
ol., 19661. There were significant differences in the mean Ka (p~0.001) and

K®© - 1iP <.0.001), but not In the mean KF values, between tine geriatric patients
and the normal controls (Table 23). This may suggest that old age affects carbohy-

drate more than fat metabolism (represented by anti-lipolytic action of insulin).

The patients hod suffered at variable times before the test from the usual
range of clinical conditions found in geriatric wards, e.g. cardiovascular accident
(C.V.A.), myocardial infarct, gangrene, etc. Some still had the results of their
previous llinesses such as hemiplegia, paraplegia, kyphosis, etc., at the time of
the test (Toble 18), However, all were in reasonably 'good health’. None of these
previous illnesses (e.g. myocardial infarct), show any correlation with the results
of glucose tolerance. This was seemingly surprising for ishaemic cardiovascular dis-
eases show correlation with impaired glucose homeostasis in the 50 to 60 year old
adults (Wahlberg and Thomason, 1968'. Possibly in the younger people, low .
values as other indices of impaired glucose homeostosis may be signs associated with
those more prone to heart attacks. But, by the advanced age of the patients in  this
work, all seem to have reached such a degree of impairment, that differences due to

factors other than age are difficult to distinguish.



Drug treatment* received by these patient* (if any' were discontinued for at

least 12 hours before the test.

The mean peak insulin level during the oral G TT was significantly lower
(p ~0.05) In the geriatric patients compared with normal control subjects. The
mean peak insulin level during the iv G TT wa* also lower in the elderly but not
significantly so (p> 0.05' (Table 24). These findings of low peak levels of insulin
response to glucose load, appear to support the hypothesis of Andres (1973), who
gave prime importance to the decreased : -cell response to glucose stimulus in

contributing to the impairment of carbohydrate metebolism in old age.

As In the study in obesity, the results for geriatric patients show that insulin

sensitivity (x, + | value) iso more factor in glucose

than the actual plasma insulin concentration. This is shown first by the highly signifi-
cant correlation between Kq and Kq + [values in the combined group of geriatric
patients and normal control subjects (r =0.71, p ~ 0.001) (Fig. 30), and secondly
by the fact that there was no statistical correlation between Kq and fasting or peak
plasma insulin values during the iv GTT (Figs. 28A and Fig. 283). Nor did sensitivity
to insulin relate to basal or peck insulin levels during the iv G TT, since there was no
statistical correlation between Kq + |and fasting or peak insulin values during iv

GTT (Figs. 29A and 298).

Glucose absorption by the small intestine (during oral G TT' must also play a

port in determining the shape of the curve, Webster and Lecming (1975), using a modified
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xylose tolerance test and the method of Roe and Rice (1948) for determining xylose
concentration, showed that 26 per cent of geriatric subjects showed some degree of
malabsorption. If this is true, the delayed entry ofglucose into the circulation would

add its effect to those of other factors responsible for prolonged hyperglycoemia, and

increase its severity (Fig. 27A). Hepatic glucose production is the most obvious non-

dietary candidate for the cause of delayed uyperglycaemia in the oral G TT. It wos
hoped that this could be assessed by I-alanine administration, but In order to separate

the hepatic from gut factors, alanine hod to be given intravenously.

Injection of I-alanine produced a significantly higher concentration of blood
glucose in the geriatric patients than in control subjects (Fig. 31A). It seemed that
in tire geriatric patients, plasma insulin (which was low compared to normal control
subjects! was unable to suppress gluconeogencsis by the liver (Fig. 31B). Therefore,
the glucose level remained high, whereas in the control subjects it went down after
10'. Unfortunately glucagon values during th’s test are not yet available at the time

of writing..

Glycogen content in the liver must have been low if not depicted altogether
(at least in the geriatrics) as shown by low fasting values of blood glucose in both
groups (Fig. 31A), (Hultmon and Nilsson, 1971), so that the new glucose must in

large part be due to the conversion of alanine rather than glycogonolysis in the liver.

The fact that fasting must have beef» reasonably adequate is shown also by the
fact that alanine produced, even in control subjects, only a modest increase in

insulin secretion (Fig. 31B). If the glucagon results had been available, they would



probably have shown a marked rite (Unger, 1972). Only If glucose St available doet

alanine have a marked stimulation effect on the/1 -cell and under tbch circumstances

the effect on glucagon release Is minimal

Within the limitations of this simple test, l-alanine Injections seemed to indi-
cate some inability of endogenous insulin to suppress glucose production by the liver

In the geriatric subjects. However, the alanine results on their own do not really

prove that the higher glucose values in the geriatric patients are not simply due to

the shortage of insulin.

As in the study in obesity, the geriatric patients were also divided into two

groups based on 120" blood glucose value during oral GTT. The ‘diabetic’ group

has 120' blood glucose value higher than 7.77 m mol/I (140 mg/IOOmIl and the ‘non-

diabetic' group values lower than 7.77 mmol/l. Fortuitously, the dividing line

(7.77 mmol/I', which hod been arbitrarily chosen, corresponded closely with the
mean 120 blood glucose value for all 23 patients (8.12 mmol/l) and with the 50th

percentile value for the 120’ blood glucose value of 80 year olds given by Andres

(1973). The degress of Impairment in oral G TT in these two groups was not related

to the degree of hypoinsulinaemia (Table 22). In fact, the overage insulin values

during oral GTT were almost identical for the ‘diabetic’ and 'non-diabetic' groups,
each being slightly less than for normal controls. The only difference lay in the

shape of the curves. This confirms the argument advanced earlier for the geriatric

patients asa whole, that insulin deficiency was not the main cause of impaired glucose

tolerance.



The question really 1», If the elderly do indeed produce less insulin in response
to a glucose challenge than young people, does insulin ‘deficiency constitute a lim it-
ing factor in glucose homeostasis? Another way of looking at this problem is to pick

only control subjects who hod low insulin tglucosc molar ratio during oral GTT (low-

ratio controls). In these low-ratio controls (LRO (n “ 51, their mean insulin:glucose

molar ratio was 27.8 * 1.33 ogaintt 2V.8+2.2?, In the elderly (p >0.05..

The mean average plasma insulin concentration during oral G TT in the LRC was
20.8 * 0.55 iiunit/m| against 31 .6 - 2.52 unit/ml In the geriatric patients. The
difference was also not significant. However, the LRC, despite the tact that they

had slightly lower mean value of plasma insulin, were able to manage to have a sig-

nificantly lower mean value (* ‘normal’) of average blood glucose concentration during
the oral G TT. This mean value was 5.38 10.25 mmol/l in these LRC against 7.72 *
0.28 mmol/l in the geriatric patients. The difference was highly significant (p ~0.001)
(Table 26). These results again show that hypoinsulinaemio was not the main cause of

impaired glucose tolerance In the elderly.

Our results show significant in

between

old and young people, and we are convinced that the liver plays an important role.

Future work should attempt to define this role more clearly. For instances, if a tracer

dose of labelled glucose accc

the test load, its of specific activity

of plasma glucose at various times during the test would throw some more light on



Tabi* 26

The mean values for overage concentrations of blood glucose and plasma insulin, and
insulinrglucose molar ratio during oral GTT; in controls, 5 controls with low insulin
glueos« molor ratio (low-ratio controls) ond in geriatric poti«nts (* SEM). Nixnber of
observations in porenthesis.

Mean of the overage value for 150 min. io4. ™ ™ multa;
glucose molar ratio
Blood glucose Plasma insulin
(mmol/l) ( p jnit/ml)
I Controls 5.71 £0.18 33.5* 351 42.2*4.50
(13)
Ixn s s ns
Ix * ns -*
11 Low-Ratio Controls 5.38*0.25 20.8*0.55 27.8*1.33
<«
x ns ns
111 Geriatric patients 7.72*0.28 31.6*2.52 29.8%2.27

><0.01; p<0.001; nst not significant
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the

of liver gl

A» with carbohydrate metabolism, It it not surprising that protein synthesis

and protein turnover is also reduced In the elderly (Young, Steffee, Pencharz,

Winterer and Schiimshaw, 1975; D.J. Millward, personal communication). Our

results show that added alanine disappeared significantly more slowly (low Ka) fe>m

the blood of the elderly than from normal young people (p <A0.001; Table 25). This

may indicate that transfer rates for amino acids like alanine become diminished in

old age. Dr. D.J. Millward (personal communication) reports that infusion of label-

led amino acids takes considerably longer to reach plateau levels in old rats than in

young rats. Possibly, impaired glucose tolerance may even be a port of this general

phenomenon.






INTRODUCTION

The common threod running through this wodt it »he role of Insulin in glucose
homeostasis in three different situotions, eoch of which may be regarded a* presenting
some degree of stress vi*. surgery, obesity and old age. Each of these topics has
already been discussed Individually in some detail. The object of the present dis-
cussion is to comment briefly on a few general points which have escaped oarlier

reference or which are of general importance across the whole area of this investiga-



CHAPTER |l
METHODS

A. Choice of Subject«

Patients participating in the study of glucose homeostasis after surgery were
chosen by the surgical staff. Department of Surgery, University College Hospital,
London (Heod: Professor C.G. Clark), based on our specification (see Port II,

Chapter I1, Subjects).

This study was planned in such o way that each patient would be his own
control by comparing tests carried out on day 1 post-operatively, and on ‘recovery".
Four young normal subjects were also included in the study and were referred to as
‘controls’. However, they could not serve as ‘controls' in the pure sense, because,
although their mean body weights ond mean % ideal body weight were not signifi-
cantly different from those of the patients, they were significantly younger. The
mean age of the normal subjects was 27 i 2.3 years against 52 * 3.4 years, in the
patients (P~. 0.01). (See Part Il, Chapter Il, Subjects). If work with glucose infusion
were to continue, it might be useful in the future to recruit more volunteers to make
up the number, and extend the age range, so that it covers the age range of the
patients. However, In the present work, any differences between the surgical
patients and the ‘control* subjects could, therefore, not only be due to the effect of

surgery ond food deprivation, but also the effect of oge.

If age (52 years) were a significant factor in determining the results of glu-
cose infusion, one would expect at least a trend towards impaired rather than height-

ened insulin secretion in response to glucose (compare geriatric patients. Part IV)



Therefore, the effect of oge in the surgical »tody it likely to have been minimal.

In the choice of patients in the »tody In obetity, we had 29 obeje subjects
who attended the Nutrition Clinic, University College Hospital and willing to par-
ticipate In our study, but not all ogreed to have the three tests carried out on them
Some agreed to having the oral G TT while the others agreed only to participate in
the iv GTT and Iv G ITT (these two tests were carried out one after another on the
same moming). And only 7subjects agreed to hove all three tests carried out

(Table U).

It It hoped that in future work a larger number of obese patients will be
studied, so that they con be classified not only according to % ideal body weight
alone (as In the present study), but to be extended to the possible classification of

patients by combined age and % ideal body weight.

Fortunately, in the study in the elderly, we were able to persuade the

volunteers (geriatric patients) to participate in all of the three tests (oral G TT, iv
GTT and iv G ITT) Basically, most of these patients were lonely, and they loved
to hove someone show on interest in them. In general they were less concemed
about the trauma (pain) of the needle used during the test, compared to the atti-

tudes of the surgical and obese patients, and even more, the healthy controls.

However, we also faced difficulties when we asked the elderly patients to
participate in the iv alanine tolerance test. This may be due to the fact, apart
from some of the patients net being available, the iv alanine tolerance test gave a

slight stomach discomfort to some, for 10 to 30 minutes after the injection of l-alan?ne.



A» this became known, the difficulty In obtaining volunteer increased, not only In

the elderly but also among potential ‘control* subject*.

B. Choice of Test;
It would be ideal If we could hove the same test for all three studies (surgery,

obesity and old age). However, each test has It* own merits and disadvantages.

1. Glucose infusion test:

This test was considered the best for surgical patients, because It represents
only a minor change (a pump instead of the usuol infusion drips) in the method ot
infusing glucose which most potlents received as usual post-operative 'dietary’
therapy. It was, therefore, of minimal burden to these immediate post-operative
patients (day 1); and included those who participated In this study and most of them
did not seem to mind this change. However, during the ‘recovery' period the
presence of the operator together with his infusion set and Infusion pump wos not

a welcome sight. #

The amount of glucose infused (0.35 g kg1 h _ 1) would certainly have sup-

pressed hepatic glucose output (Madison, . Therefore, when a plateau of blood

glucose co had been . we could discount the hepatic factor, and
the rate of infusion at this stage represents the peripheral glucose uptake, unless
blood glucose concentration exceeds the renol barrier, in which case S.me would be

lost through urine.

Since the rate of infusion was the same on all occasions, so also was the

total glucose uptake. Now total glucose uptake “ concentration x fractional rate



of uptake (Franckson, =». al. 1966). Therefore, those potion*» who thowed the

highest plateau concentrations of blood glucose (day 1, post-operatively) must have

hod the lowest fractional rates of glucose removal (equivalent to the lowest KG

values).

We also tried similor glucose infusions on some obese and geriatiic patients
They also shared the view of those recovering surgical patients (during the ‘recoveryl

peviod), of not being keen on having this test carried out. This, together with other

technical problems such as the difficulty in getting two nice veins, one In each arm,
in some obese subjects, meant that there seemed no good reason to persist with glu-

cose infusion as opposed to the other tests

2. Oral GTT:

This test is straightforward and has not been associated with ony complaints

of discomfort from patients or subjects. Its main obvious advantage is that it is

physiological, in that the glucose enters by mouth and is subject to the full range

of factors before it reaches the tissues. Its main disadvantage is that one is pres-

ented with a curve or a set of results rather than a single answer. This may neces-

sitate quite difficult value judgements, e.g. in deciding the weight to be ottached

to fasting or 120" blood glucose values In diagnosing ‘diabetes*. (Working Party,

Royal College of General Practitioners, 1963, WHO, 1965)

The fact that the oral GTT has been so widely used under fairly standardised

conditions in a lorge variety of subjects, makes it a valuable reference test in com-

paring data from one source with another.
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3. IVGTT:

The test is relatively unfamiliar to most clinicians compared with the oral

GTT: and its odvontoges are the short duration of the test (60 minutes) and the

fact that the test has a result which can be expressed as a single figure (Kq ). This

permits statistical comparison between individuals or gioups and between the same

subject at different periods of time. Moreover, since It bypasses the gut, the iv

GTT eliminates the complication of having to consider the absorption and gut insul-
inogenic factors. However, It also has some disadvantages.

Lafferty, GWdingsand Mangnall (1975) argued that % disappearance rates
(Ka velue*  glucose were without value and absolute removal rates alone have

any meaning. It can, however, be orgued that =normality’ in absolute glucose

removal rates alone tells us very little about the state of the subjects. For instance,

in the earlier discussion (B.l.) on surgical patients. It was pointed ou tha! all hod
the same absolute glucose removal rates, but because blood glucose concentrations
differed, Kq values most have differed similarly (but inversely). The Kq values
gavo a measure of insulin (they

with Kq + | values;

Table ;7). and tell us that subjects differ in this respect. Absolute blood glucose

and Insulin levels reveal the extent and manner of adaptation to this changing sen-

sitivity to insulin. It isin fact difficult to see how absolute glucose removal rates

could be impaired, unless there was a severe failure in the: cell or wastage of

glucose via the urine

4. IvGITT

This test is extensively used in animals (Turner, 1966; Heard and Turner,



Toble 27

Correlation between K$ and I3 + | value* in control subjects, obese and geriatric patients,
and in the combined three groups.

No. Regression Line L £
Control subjects 10 y0.33x 4032 0.60 >0.05
Obese patients 16 y1 0.34x 40.15 0.65 < 0.01
Geriatric patients 23 y1 0.23x 4044 0.43 <, 0.05
Combined group 49 y -0.33x 40.21 0.70 <.0.001



1967; Heard aid Henry, is « . a, b) resembles others which have been used In mon

(e.g. Franckson, e*. al., 1966) and it in part, identical to that of Silverstone,
Branfonbrener, Shock and Yiengst, (1957). The key difference is that in the present
test the iv G ITT should be coupled with iv GTT and measurements of plasma insulin,

to give simultaneous assessment of glucose tolerance and insulin status and sensitivity .

The iv G ITT is then, a good measure of insulin sensitivity (Table 27).

The administration of a relatively large dose of exogenous insulin in this
test should certainly switch off gtucose output from the liver, and, therefore, any
differences in the Kg + | values can only be due to the differences in peripheral

tissue responsiveness.

The 10' values of plasma insulin concentration after the injection of glucose
and insulin, could be as high as 150 to 300 |iunit/ml in the normal subjects, and

even higher in some of the obese patients.

c Skinfold Measurements:

Skinfold measurements were carried out in some obese, elderly and control
subjects, as a measure of their nutritional status. These measurements, however,
were so unreliable in the obese, especially the extremely obese (reproducibility
very poor). They seemed to have better reproducibility in the elderly, but the
present data for comparison (Dumin and Womersley, 1974) did not cover very old
subjects (the highestwas 50 4 years). The measurements of the elderly subjects
(mean age 79 years) if compared with their data, gave apparently lower values of
body fat content. This may be due to the fact that in the very old the elasticity
of the skin hod become very poor, and the measurements gave a false, lower reading

of skinfold thickness.
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CHAPTER 1l

STUDY IN SURGICAL PATIENTS

A. Insulin Resistance:

The patients showed a y' insulin

In infusion 1,
by high ploieau values for blood glucose (i.e. low Kq values; see Chapter I, B.I),

In the presence of levels of Insulin which were higher than normal. In infusion Il
blood glucose plateau concentrations were almost the same as in infusion 1, and

therefore KQ values hod not changed significontly, but plasma insulin values were
lower. Therefore, presumably insulin resistance had diminished, but hod not returnod

to normal (compare with young ‘control' subjects).

In infusion 1, the development of insulin resistance was probably due to the
high circulating levels of cortisol and glucagon and probably othei anti-insulin hormones

(e.g. catecholamines and growth hormone).

B. significance of Insulin Therapy:
As discussed earlier, insulin administration has been advocated ond practised
to overcome the insulin resistance of trauma (Hinton, et. al., 1971) (see Part I,

Chapter IV). It must be d that insulin

is probably necessary
for very serious trauma, likebums. The very high catabolic stato in bums would

deplete glycogen stores and enhance lipolysis. This increase in lipolysis causes raised

levels of NEFA, which were shown to cause massive deposition of fat in the liver

(Feigelson, Pfaff, Karmen and Stlenberg, 1961). On the other hand in moderate

or minor types of surgery (or other physical trauma , lipolysis is probably desirable,

to enable the body to use its energy reserves of fat rather than protein.



Giving amino acidy, instead of the usual glucose, would then permit the
improvement of negative nitrogen balance and by not encouraging release of high

levels of insulin in the circulation would permit lipolysis (Blackburn, et. al., 1973).

C. Nitrogen Balance:

As judged by the degree of the urinary nitrogen excretion (mean between 9
and 11 g nitrogen loss per day), the degrrs of trauma in the present series of sur-
gical patients appears low, compared with, for instance, mossive urinary nitrogen

excretion reported by Cuthbertson (1964), from patients following fracture. How-

ever, his patients received a diet with 70 g protein/day, unlike the surgical pat-

ients who received none for the first few days following the operation. Another

factor to be bome in mind is the influence of previous diet. If low in protein,

this might lead to minimal increased loss of urinary nitrogen following trauma
(Munro, 1964). Conclusions drawn from urinary nitrogen figures alone ore danger-

ous. A proper nitrogen balance must be estimated.



CHAPTER IV
STUDY IN OBESITY AND ELDERLY SUBJECTS

A. Impoired GlucoW Toltronce

The obese and elderly subjects showed a chronic or permanent form of

Insulin resistance.

Both groups showed impaired glucose tolerance, shown by the significantly
higher mean values for average ulood glucose concentrations during oral G TT
(Table 28), higher and delayed peak of glucose levels during oral GTT (Fig. | 8A
and Fig. 27A), ond significantly lower values of Kq during iv GTT (Table 29);

compared with the mean values in the normal subjects.

The impaired glucose tolerance in the obese subjects was related to higher
mean levels of average plasma insulin concentrations and peak insulin response dur-
ing oral GTT (Tables 28 and 30', and to significantly higher mean peak plasma

insulin concentration (Table 20) during iv G T, than in the normal control subjects.

In contrast to the obese, impaired glucose tolerance in the elderly was assoc-
iated with normal or marginally diminished insulin levels during oral GTT ond iv GTT

(Tobies 28 and 30".

B. Possible Role of the Liver:

The main feature of the oral GTT in the elderly was the delayed ond exag-
gerated peak glucose values. The main cause of which probably tie impaired ability
of the liver (In the elderly) to switch off glucose production in response to endogenous

insulin. This impairment resulted in prolcnged hyperglycaemio. But one must also
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acknowledge that the insulin response to oral glucose administration was sluggish in

the elderly as shown by the delayed peak insulin level during this test.

it is unlikely that the delayed peak insulin level was the result of delayed
absorption rate of glucose, as suggested by Smith and Hall (1973), but proof is lacking.

The evidence which is ogaintt this argument is a. the increase in blood glucose level

was equal in the elderly ond in young people during the first 30" b. after 30' the

elderly still increased their blood glucose level nearly as much again as they did in
the first 30 minutes. The peak level of blood glucose corresponded with the peak
insulin level at90’> and c. the simple iv alanine tolerance test showed that the

elderly has increased levekof blood glucose which were not suppressed by their endo-

genous Insulin secretion.

The impairment of iv G TT was olso probably due to the decreased ability of

endogenous insulin to suppress gluconeogenesis. The mean Kq value was significontly

lower in the elderly (Table 29, while the mean peak insulin level, although lower,

was not significantly so (Table 30).

The logarithm values of Kq were significantly correlated with 120" blood
glucose values during oral G TT in the combined group of the obese, elderly and
control subjects (b 0.001; Fig. 32). This suggests that Iv GTT would be just as
good (or as bod) as the oral GTT in

in glucose
Cc Insulin Sensitivity;
1. Blood glucose and N fFA levels:

While interpretation of the iv GTT might be ambiguous, the iv G ITT seems



Correlation between K¢ velue ( 9/min.) during iv CTT end 120° velue of
blood glucooe concentration during oral GOT, in the obese, geriatric and
control subjects.

(= ) obese patients. (0 ) overt diebetic obese petient.

( A ) geriatric patients. ( A ) overt diabetic geriatric patient.

(= ) noruai control subjeots.






TabU 30

The mean peok insulin concentrations during oro! GTT ond iv GTT (* SEM),
in control, obese ond geriotric subjects. Number of observations in paren-

thesis.
Meon Peok Insulin Concentrations
(lLunited)
Oral GTT WGTT
Control* 72.017.24 n. 54.0H3.»
o1
e
> * ™
Ob«» patient* 160.4124.v8  n* 138.« 111.17
®)
X -
ic potUnts 48.0 *5.34 41.6*5.13

p <0.05; ** p<0.01; ** p< 0.00L; nst not significant

Ratio of oral:iv

1.15



quite clearly to measure peripheral tissue responsiveness. It Is very unlikely that

liver gluconeogencsis was not suppressed (even in the obese and the elderly) by the
relatively high concentration of exogenous insulin which was given. The circulating
levels 10 minutes after injection of insulin was found to lie in the range of 150

u unit/ml to 400 uunit/ml, i.e. about 5 to 10 times higher than peak levels of

endogenous insulin measured during iv G TT. Both the obese and the elderly showed

significantly decroosed mean Kq + | values (Table 29), indicating that peripheral

tissue response to Insulin (as judged by glucose uptake' is reduced in these obese

and elderly people

In the elderly, it has been argued that this impaired peripheral tissue sensit-
ivity extends also to suppression of hepatic glucose output (see Chapter Il B. Oral
GTT). There seems no good reason why these arguments should not also apply,

though perhaps to a lesser degree , to the interpretation of the oral GTT of the obese

Both in the study in obesity and old age, the evidence showed that this decrease
in insulin sensitivity in relation to carbohydrate is more pronounced than in relation
to fat metabolism. This is shown by the absence of any significant difference in the

NEFA curves during oral GTT (Figs. 18C and Fig. 27C) or Kp values during iv G TT

(Tabic 29), suggesting that the lipolytic action is not yet effected by obesity or old

This is perhaps not since insulin

which
stimulate glucose uptake by insulin sensitive tissues are considerably higher than

concentration required to inhibit llpolysis



2. Cor f lotion of glucose tolerance (Kq >with insulin sensitivity (Kq + =

This work demonstrated highly significant correlations between Kq ond
Kq + [values (p - 0.001, Table 27, Fig.33 ). It it interesting tbat this signifi-
cant corflotion was present in even the obese group alone (p  0.01) or the
geriatric group alone (p  0.05), and given a larger number of control subjects,
they would certainly have shown the same correlation. Another Interesting
feet it that In vOch individual group, the shape of the regression line was
almost identical, except in the geriatric group which was slightly lower (Table

27). Perhaps this is a sign of some degree of &cell failure.

3. Hypersensitivity to Insulin in 'normol" subjects:

Some apparently normal subjects showed very high values for Kq + |and
therefore, also for Kq . It has been suggested in Part 11, Chapter IV, that these
subjects may he in an eorly phase of 'active’ obesity. A longitudinal study of

such people may or may not reveal that this speculation is true.

This speculation is based on the similar pattem of changes in Kq and

Ka + |found in experimental animals. These animals were fed on diets marginally

deficient in protein (Heard and Turner, 1967; Heard and Stewart, 1971). In all
coses, hypersensivity to insulin was ti*e earliest phase and led on to impaifd glu-

cose tolerance and diminished insulin sensitivity.

It would remain also to attempt to distinguish genetic from dietary influences

in the development of obesity.









The phrase» ‘active* and ‘passive’ in regard to obesity, may have been

independently used by other authors In a different context; e.g. Craddock

(1973) used these terms for the ability or Inability of obese sobJects to gain more
weight. While this work uses these phrases In relation specifically to insulin

sensitivity (In respoct to corbohydrate metabolism). (See Part I1l, Chapter V)

As it was shown (Part 111, Chapter I11), that treatment of obesity Is very

difficult ond unreliable, a longitudinal study of Insulin sensillvitity might detect

sub)ccts In the ‘active’ pc-obese phase or those who are prone to obesity.
Prevention of obesity rather thon treatment is likely to offer greater success.

4. What determines insulin sensitivity ?;

Two main groups of factors must hove been likely to be important. They

are: a. ontl-Insulin hormones, Insulin antagonist, etc. (see Part Il, Chapter I),

and b. cellular factors including availability of receptor sites. Early enthusiasm

for the concept that Insulin sensitivity and receptor availobility would always
correlate exactly, has been rather dampened (Cuotrecosos, 1974; Keen, 1975)

and more work on this aspect is still needed

1 i
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CHAPTER V
DIAGNOSTIC SIGNIFICANCE OF THE TESTS

Obviously o combination of test* would be ideal In determining an impairment
In glucose toleronce. For practical purposes, however, using only one particular
test, and even in exteme cases, only looking at fasting blood glucose values,

would probably be sufficient; although, a few borderline cases may escape rom

detection

Arbitrary =liminction of subjects who had fasting blood glucose concentrations
higher than 6.11 m mol/I (thus all having normal fasting blood glucose), 120’ value
for blood glucose during oral G TT revealed that some of the obese ( > 6.11 mmol/l)
and some of the geriatric subjects (> 7.77 mmol/l were 'diabetic’ (Fig. 52)» Further-
more, although it was shown earlier that the logarithm values for Kg during Iv GTT
were significantly correlated with 120" values of blood glucose during oral G TT,

there were some subjects who would be normal by one test but ‘diabetic* by the other.
If one's aim to to get early detection of a disease, or an impairment, then a combina-

tion of tests is very necessary. (Fte. 52)

Iv GITT is best carried out immediately after iv G TT, because it could serve

as a measure of peripheral tissue responsiveness to insulin, since the effect of liver

glucor has been d



CHAPTER VI
CONCLUSIONS AND FUTURE WORKS

A. Surgical Patient»

A nitrogen balance study showed a negative balance amounting to 50 g

protein low per «ay for a period of 5 to 6 day* offer the operation. Thi* period

of negative nitrogen balance coincided with elevated fasting level* of plasma
glucagon, NEFA, branched-choin amino acids, urinary free cortisol, urinary

| 7-OH-coriicosteroid* and with a decrease of total amino acids. Fasting levels

of plasma Insulin and plasma cortisol were only significantly elevated on day |

post operatively.

A two hour infusion of glucose (0.35 g kg*' h ") on day 1, resulted in

and a’

y' insulin
Glucose also suppressed glucagon secretion to the same extent on day 1, and on

‘recovery’. It also decreasedplasmaNEFA, total amino acids and plasma cortisol

In both infusions. But, the fall in plasmo cortisol was probably due to the effect

of resting rather than the actual effect of glucose.

several questions remained unanswered:

Insulin resistance seems to protect the subjects from the less desirable features

of elevated insulin levels. Then perhaps amino acid administration rather

than glucose would be more beneficial, since it improves the nitrogen balance

without having to increase plasma insulin levels and permits mobilization of

fat (Blackburn, ct. ol. 1973>. More work, however, is still needed to esta-

blish the best post-operative regime for patients undergoing surgery.



+H

ii. it known »hot protein synthesis i» decreosed following surgery (O'Keefe, et. ol.

1974; Crone, et. ol. 1976). Whether insulin resistonce Is olso responsible In

coining »lie decrease of protein synthesis should also be Investigated.

B. Obese Subjects:

This work demonstrates »bat obese subjects showed Impaired response to oral,

and iv G TT. The impairment was

with hyper The results
showed that Kq or Kq + | values were not statistically correlated with fasting or

peak insulin levels during Iv G TT . However, higher values for Kq or Kq +j

were usually associated with lower values of fasting or peak insulin. There was a

significant correlation between Kq on<¢ | values in combined groups of

patients and control subjects.

The logarithm values for fasting insulin were correlated with % ideal b<dv

weight (p < 0.001). Kq or Kq +, were not statistically correlated with % ideal

body weight however, lower values for Kq or Kq + | wer* usually associated with

higher % ideal body weight.

Unliko that of carbohydrate metabolism, this present work wos unable to
show any significant impairment of insulin sensitivity in regard to fat metabolism

(judged by the difference in NEFA curves during oral GTT; Kp during Iv G TT).

Oral GTT, Iv G TT and iv GITT did not give any prediction of the possible

success or failure of any dietary treatment of on obese patient.



This work speculates thot there are two types of obesity (based on their Insulin
sensitivity): 0. 'activelobesity, judged by the relatively low % ideal body weight
(<160%) low values for Kq , Kq + , ond low fasting Insulin; b. ‘passive’ obesity
judged by high % ideal body weight, low values for Kg , Ka + | and h,9~ fasting
insulin; ond c. apparently normal subjects who hod very high values of Kq ond

Ka + lare probobly in an early stoge of ‘active' obesity (see Chapter IV, C).

There are a few aspects of this study which need further Investigation:
t. more 'normal’ subjects with high Kq ond Kq + , values to be investigated
Longitudinal study of such people may or may not reveal that the above

speculation is true.

More obese patients are needed, so that they con be classified by the com-
bination of age ond % ideal body weight. This is hoped to throw some light

on the development of obesity.

C. Elderly Subjects:

This work demonstrates the familiar impairments in oral GTT and Iv GTT In
the elderly. Although the impairment of glucose tolerance was associated with
hypoinsulinaemia ond decreased peripheral tissues insulin sensitivity, the decreased

ability of endogenous insulin to switch off liver gluconeogenesis seemed to be the major

cause of h;

p ia. After intr injection of l-alonine, the elderly
showed increased levels of blood glucose which were not suppressed by their endo-

genous insulin secretion



A$ In the study on obesity, this work confirms earlier findings in animal
experiments (Turner, 1966; Heard and Turner, 1967; Heard and Henry, 1969 a),
about the significance of insulin sensitivity (Kq + [) In determining glucose toler-
ance rather than the actual levels of circulating plasma insulin. This was shown
by the significant correlation between the Kq and Kq + | values in combined groups
of elderly patients and control subjects» and olso in the combined group of obese,

elderly and normal control subjects.

Also, as in the obese, this work was unable to show any significant Impair-
ment of insulin sensitivity in regard to fat metabolism (NEFA curves during oral GTT;

Kp values during iv G TT)

Few aspects in the study in the elderly need further investigations

As old age is not merely the passing of years, but a generalized picture of
many malfunctions added together, the question now arises, whether the
ageing phenomenon should be prevented. And if it should, in what way?
As skinfold measurements ore unreliable (sec Chapter I, C) ond % Ideal
body weight is unable to be measured, what is a good, simple criterion

in judging the nutritional status of the very old?

Hi.

A possible role of the liver in producing hyperglycaemia needs further
investigation. By including a tracer dose of lobelled glucose in the
ordinary glucose load, ar.d measuring the plasma glucose concentrations
ond the specific activity of labelled glucose at various times during the test,

one would be able to get more information about the impaired suppicssibility

of liver gluconcogcenesis. In the elderly (perhaps also in the obese).
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Glucose tolerance, plasma insulin levels and insulin sensitivity In geriatric
patients. Ry C. R. C. Heard, \V. S. Soerjodihroto and Sylvia M. Frasci,
Clinical Nutrition and Metabolism Unit, Department of Human Nutrition, London
Scnootor Hygiene and Tropical Medicine, London UCIx ~HT, and A. N
E xton-Smitii, Department of Geriatrics, Vnkersity College Hospital, London

Venous blood glucose values, 120 min after an oral load of 50 g glucose (G, M)
are used to diagnose diabetes (W110, 196s). Value., ;6-11 mmol/l arc classified as
normal and >7-2* mmol/1 as diabetic. However, G It# increases steadily with age
and this raises problems in the elderly both of clinical significance and of physio-
logical interpretation

This communication reports the results of an investigation of twenty-four
geriatric patients (mean ape 79 years) in whom both availability of insulin and insulin
sensitivity were assessed.

Each patient received two tests on successive days: (1) oral glucose tolerance test
(G TT) (50 g glucose) lasting 150 inn., (a) intravenous (i v.) G TT (o jj g glucose kg)
lasting f.o min followed immediately by i.v. glucose ) insulin (0-33 g glucose and
0-133 units insulin, kg) with blood sampling for a further 60 min (Heard & Henry,
1969). Half the patients had the oral test on the first day, half had the i.v. test
Patients were fasted from midnight. Wood was sampled and glucose and insulin
injected via an indwelling butterfly needle in the arm. Glucose (glucose oxidase
method) and insulin (Radiochemical Centre method) were estimated in plasma.
Glucose disappearance rates (A; % per min) in the i.v. tests were calculated to give
*0 f°r g*ucose alone and fer E,,c,4e + insulin. Normal values arc about 2 and
5% Pcr min respectively (Franckson, Malaise, Arnould, Rasio, Ralassc, Conrad &
llastenie, 1956)

Although only one patient was overtly diabetic (fasting glucose 810 mmol/I),
sixteen of the twenty-four had G ,,, values >7-77 mmol |. Of these, fourteen also had
severely impaired i.v. glucose tolerance (A0 <t o"a per min). Only two other
patients had ha <10% per min. Clear signs of glucose malabsorption occurred in
three patients, who therefore showed very low plasma insulin levels during the oral
G TT compared with values during the i.v. GTT. Another five patients without
malabsorption also showed low plasma insulin levels during the oral G TT suggesting
impairment of insulinogenic gut factors. Although plasma insulin levels during both
tests were lower than those reported for young normal subjects, insulin sensitivity
(*0«i) xvas also low in all the patients (mean 2 4% per min). The shape of the oral
G TT curves suggested that failure to suppress hepatic glucose release was a feature
of this insulin insensitivity.

T xtent to which these changes arc typical of old age per se and whether
deterioration in nutritional status contributes to the effects remain to be established.
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