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INTRODUCTION

- v (o s o - o

(1)
Schwentlner end Noel (1930), who investigated the

carbohydrate metabolism of clinical cases of diphtherie,
observed = definite rise in the blood.sugar concentration
during the early stages of the disease. They also found
that the blood sugar, following upon this initigl increase,
tended to fall progressively to a hyvoglyceemic level in
those cases in which the intoxicsition was very severe. The
changes in the concentration of the blood sugsr were asgoc-
lgsted with a definite decrease in the tolerance of their
patients for glucose; a high maxinmum concentration with
resultant glycosuria and an sbnormelly slow decline being
the chsrscteristic anomsllies of the blood sugar curves
obtained. Schwentkner snd liocel attech to the theory of
disturbed carbohydrate metabolism the pathological signifi-
cance that there result, in counseqguence, nutritional chsnges
in vitel tissues, such as that of the cardiovascular system;
whereupon they seek to explein the occurrence of the clin-
ical phenomens for which diphtheris is noted.

Contributions to the study of carbohydrate metabolism

(2)
in this disesse =re not new:fLereboullet,§l922) showed that,
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in a considerable proportion of_pases,of,severe diphtheria,
a definite hypoglycéemia was present, and that, in mild
‘an@‘modéragely gevere cases, the4blood sugar was unzltered.
Hector (1%23) first drew attention to the abnormally slow
decline of the blood sugar curve in diphtherié, and noted,
2lso, the low concentration of the fastins blood sugar in
severe cases, This observer was of the opinion that’the
metabolic disorder passed of? with the stage of intoxication,
though Zlkeles and Heiman (légg)believed that a similsr
type of blood sugar curve persisted for e long time sfter
clinical recovery.

Verious theories have been advanced in explanation of
the disorders found, the chief of which attribute to
diphtheris the distinction of belng an intoxication fre-
quently complicated by a metsbolic symdrome. Thus the theory
of "diminished glycogenesis' suggests the affinity of the
toxin for the islet tissue of the pancreas, wheress the
theory of "increamed glycogenolrysis™ would implicate the
thyroid and adrenal glands in s specific stimulation of the
toxin.,

Whilg it is possible thet a diabetic or other syn-
drome msy explain the abnormelities encountered, it seems

reeasoneble to ettribute to the toxin a more widespresd effect
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in which the tissue concerned with carbohydrate metabolism
share, with those of the body generally, the adverse con-
sequences of toxaemia. In this comnnection it is interest-
ing to note that Josephs (l92$?2 who found sn increase in
the nitrogen excretion of diphtheris dogs, was of the opin-
ion that protein is broken dowvn by the sction of the toxin.
This observer noticed that the excretion of creatiny parall-
eled the severity of the intoxication. He pointed out
thet the increased nitrogen of the uriune was, therefore,
probably derived meinly from nuscle tissue, that of the
hesrt being conjectured by him td have contributed its
quota thereto,

Recent evidence, too, suggests that not only may
cerbohydrate be subject to abnormal resctions in-diphtheria
but, exemplifying the tissue lipoids, cholesterol also,
Lereboullet (1922% and his colleborators have shown that
the cholesterol content of the blood is lowered in severe
diphtheria, and that in rapidly fatal cases the fall may
be considerable. Hypercholesteroleemia was noticed by
them to be perticularly frecuvent dvring the stage of
diphtheritic paralysis. The value of cholesterol in the
econonmy of the orgsmnism is unguestioned, and its occurrence

in the white metter of the nervous system is, doubtless,



of more than casusl circumstance. This consideration
may add significance to these findings in view of the
tendency to paralysis in the disease.

The investigation of which this thesis trescts was
‘undertaken, in = series of cases of diphtheris, with the
following objects:

i. To determine the extent and duration of

any abnormality which might be demonsirated
to occur in the tolerance of the subjects

for glucose.,

ii, To gtudy the changes, if any, in the con-
centration of the glucose and of the choles-
terol of the bloodduring the disease.

iii. To note the relationship of any abnormal
findings to the clessical complicetions of
the disease.

iv. To compare the results obtained with those
of other workers. '

The work involved in the investigstion wss carried out
at Belvidere Hospitsl, Glasgow, between October lst, 1932
and Cctober 8th, 1935. I am indebted to Dr. Thomas Archi-
bald, Fhysician Superintendent of thet institution, for
many fecilities extended to me. I am perticularly srete~
ful t0 him for making it possible Tor me to obtsin =1l of

the apperatus and reagents reguired.
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The Physiology of Carbohydrate }Metabolism.

In this section there are out-
lined certain considerations which gre
relevant to the subject, and which form
a necessary basis for meny of the terms
used and hypotheses quoted later in the

work.
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I. DIGESTION AND ABSORPTION.

(1) Digestion. From the moment of ingestion until
absorption takes place the digestive
influences acting upon carbohydrate are of the nature
of ferments., These ferments enter the gastro-intestinal
tract in the secretions of the saliva, the pancreatic
Juice and the sucecus entericus, For optimum activity
they discriminate between degreesof acidity and alkal-
inity of the medium in which they act.

The first of these digestive influences is the
Ptyalin of the saliva, The effeet of Ptyalin is most
pronounced in a feebly acid medium, though it may also
proceed to a lesser extent in one which is alkaline or
even neutral., A necessary preliminary to its effective-
ness upon starch is that the containing envelope of cellu-
lose must first of all be burst, From this it follows
that its action is greatest upon the cooked starches.
Ptyalin digestion continues only up to the point when
the reaction of the gastric contents becomes excessively
acid. Under its influence starch passes through the
stage of erythro-dextrin and is converted chiefly into

achro-dextrin, though to some extent also into maltose.



Whatever the stage of conversion reached in the
stomach, however, all forms of starch are rapidly and
completely transformed into meltose by the action of
amylase of the pancreatic juice. Its action is fav-
oured by the presence of bile salts and takes place in
an alkaline medium,

Acted upon by three ferments of the succus enter-
icus, cane sugar or saccharose is converted into glucose
and laevulose, maltose into glucose, and lactose into
glucose and galactose. These three ferments are res-

pectively Invertase, Maltase and Iactase, and they have
in common the function of reducing sugars to the condit-
ion of monosaccharides, which are the end products of
carbohydrate digestion, The chief of these monosacchar-

ides is undoubtedly glucose,

(ii) Absorption. The monosaccharides are absorbed into
the partal vein and are carried to the

liver, Laevulose and Galactose may there be converted

into glucose, most of the glucose being transformed into

Glycogen and stored in the liver as such. Some glucose

passes through the liver into the systemic circulation,

a phenomenon which may be demonstrated to occur by means

of a blood sugar curve.



II. THE SUGAR OF THE BLOOD.

(1) In the fasting In the normal subject in the fast-

Subject.
ing state the concentration of sugar
in the blood, expressed as a percen-
tage, is found to lie somewhere between 80 and 100 milli-
grammes . This is spoken of as the fasting blood sugar
or glycaemia. Whilst variations within these limits
may occur physiologically, there asre certain pathblogieal
states in which the fasting blood sugar level is abnor-
mally high or low, the terms used to signify these con-
ditions being respectively Hyperglycaemia and Hypogly-
caemia.
(ii) After the ingestion When the blood sugar is in-

of Glucose, '
vestigated in man at short
intervals after the ingestion

of 25-50 grams of glucose, very constant results are ob-
tained, which when plotted on a'graph wifh percentages
of sugar as ordinate against the corresponding time inter-
vals as abscissa, constitute a blood sugar curve or glucose
tolerance test. For this purpose specimens of blood are
withdrawn at half-hourly intervals after the administration
of a solution of glucose. Half-an-hour after the inges-

tion of the glucose, the blood sugar concentration is



found to rise from the fasting level of 80-100 milli-
grams per cent, t0 140-170 milligrams per cent. Dur-
ing the next hour the blood sugar falls steadily to
its original level, as the tissues remove E%?cose for

energy purposes or for storage as glycogen.

ITI, THE FACTORS CONCERNED IN THE PRODUCTION
OF THE NORMATL BLOOD SUGAR CURVE.

(1) Historiecal. At one time it was believed that the
blood sugar concentration remsined at

a practically constant level and that even a large carbo-
hydrate meal produced no increase in the amount of sugar
circulating in the blood. It was thought that the liver
prevented any rise in the blood sugar concentration and
that if hyperglycaemia resulited through the liver fgil-~
ing in its functions the excess of sugar would be excret-
ed immediately in the urine.

In 1911, however, Baudouiéz)found that there was
a slight increase in the blood sugar one hour after s
meal, an observation that was confirmed by Fran§5)and also
by Reicher and Steéﬁz Iwo years later, Jacobsgg)showed
that the rise in blood sugar occurred much earlier than

one hour after a meal, and might even be present within



five minutes., vA maximum concentration was usually
reached in from 15-30 minutes after the administration
of glucose and in seven of Jacobson's cases a return to
the normal levei had occurred by the end of an ?our.
These observations have been confirmed by McLeanG)and

others,

(ii) Theories. The rapid rise in the blood sugar con-
centration which occurs immediately after
the ingestion of glucose is an expression of the fact that
absorption is taking place and is doing so at a rate
slightly in excess of that of storage and utilization.
The fall which occurs in the normal curve soon after
the maximum concentration has been reached is less easily

explained, It might be due to:-

The cessation of absorption.

The excretion of sugar in the urine,
The increased oxidation of sugar.
The rate of storage exceeding the
rate of absorption.

R o'
e s

That the first cannot be held to explain the matter is
obvious by instancing the fact that in the diabetic the
blood sugar often continues to rise after the elapse of
an interval, when, in the normal, it has commenced to
fall. The second possible explanation is untenable;

since glycosuria does not develop in the course of a



normal glucose tolerance test, With regard to the
third, there is reason to believe that the absorbed
sugar is in part burned up at once. It is well known
that both heat prodqction and the respiratory quotient
rise immediately after a carbohydrate meal. Gephard
and Du Boggz who studied this, showed that the rise and
fall in the respiratory quotient occurred in 1%-2 hours,
during which time the metabolism of their subjects close-
ly approached the basal. Under the circumstances of
this experiment it is hardly possible that the amounts
of sugar administered (30-60 grams) could be completely
used up. It would represent the utilization of 123-246
calories frém carbohydrate alone, an occurrence the more
unlikely since metabolism was at basal rate.

Johannsoés)has furthermore shown that, after the
ingestion of 200 grams. of glucose the carbon dioxide out-
put remains raised for as long as six hours before re-
turning to the fasting level. And. the blood sugar has
long since returned to normal.

Although, therefore, increased oxidation may be re-
sponsible for the immediate consumption of some of the
ingested glucose, it cammot be held to be the whole story
with regard to its disposal. The fall of the normal

blood sugar curve which occurs soon after the maximum has



been reached, must be assumed therefore to be due to
storage and utilization occurring at arate slightly
in excess of that of absorption.

Physiologists therefore assume the fali in the
blood sugar curve to be due to the intervention of a
storage mechanism, the activity &€ which is so great that
it masks the later stages of absorption. The storage
mechanism is absent or deficient in the diabetic, so
that by comparing a diabetic with a normal curve, the
lag in the former represents absorption and the decline
in the latter storage. The contrast is all the more
marked when it is remembered that in the diabetic the
development of glycosuria may render less marked the ex-
pression of the rising tide of blood sugar concentration.

A striking phenomenon in the curve of the healthy
subject is that, even if the ingestion of glucose is
pushed to the limits of digestive tolerance,i?9§s rarely

possible to produce a demonstrable glycosuria.

Iv, THE STORAGE OF CARBOHYDRATE.

The question of the storage of carbohydrate is a
complex one, The liver and the muscles are the great

sugar storehouses of the body and condensation of sugar



occurs in these tissues in the form of Glycogen.

(1) The Liver and Glycogen is always present in the

Glycogen.
liver of well fed animals. It may(lo)

be déposited in the liver, as MelLeod
has pointed out, by two processes.

(a) The first of these is achieved by the conden-
sation of glucose and other hexose monosaccharides carried
to the wviscus by the blood. It seems probable that the
presencé of insulin is necessary for this reaction, "since
glycogen is stored in the liver of depancreatised dogs,
following the administration of carbohydrate and insulin,
and since the respiratory quotient under these cirecum-
stances rises markedly." Joslié}l)

| This formation of glycogen is spoken of as glyco-
genesis or the condensation of glucose and other hexose
monossccharides sag glycogén.

(b) The second process by which glycogen may be
stored in the liver is that of gluconeogenesis, or the
new formation from protein of sugar which becomes depos-
ited in the liver as glycogen during starvation. This
takes place in the normal subject and is the mechanism
by which the blood sugar is maintained at its normal
levgl in the starving subject, and at an abnormelly high

level in the disbetiec, The phenomenon has been observed



(12) (13) .
by others. MeLeod  speaks of this new formation of

glycogen as an internal secretion of the liver by reason
of which the glycogen of the liver should be regarded
dynamically and not, as heretofore, statically. Under
the latter conception glycogen is a mere store of the
excess of carbohydrate. Dynamically it assumes the
properties of an elastic reserve. The liver glycogen
has been investigated experimentally under different
circumstances,

During starvation, the amount of glycogen in the
liver at first shows a diminution and later an increase.

When the attempt by starvation to exhaust the liver
of its glycogen is auvgmented by muscular exercise, it is
not found to be more sueccessful. Hershey and O;%%)who
used the combination of starvation and muscular exercise
on the white rat, were ungble to induce any greater re-
duetion in liver glycogen than could be achieved by
starvation alone.

It is thus clear that the liver plays an enormous
part in regulating the normal blood sugar level. It is
not only a storehouse of glycogen derived from carbo-
hydrate, but its functions are greater still since it
also elaborates sugar from other foodstuffs, particularly

from the non-nitrogenous fraction of many of the amino-

acids., Sugar formation from protein is checked by insulin,
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If the liver glycogen is exhausted as a result
of starvation the blood sugar is found = to remain at
its normal level till near the end, although sugar is
continuously being withdrawn from the blood to supply
the needs of the tissues. Obviously sugar is being
made from other sources. This fresh sugar might be
formed in the tissues generally, or exclusively in the
liver. The fact that removal of the liver produces
hypoglycaemia proves that the fresh sugar is formed sole-
ly in the liver. The hyperglycaemia of diabetes is
dependent on the presence of the liver, since the absence
of insulin minimises the formation of sugar from glycogen
but allows the formation of sugar from protein to proceed
unabated. The fasting disbetic with exhausted liver
glycogen also shows a pronounced hyperglycaemia, It
would appear therefore that the blood sugar of the dia-
betic is largely made in the liver from protein. Owing
to the loss of the controlling influence of insulin the
liver in the diabetic is elaborating sugar extravagantly
without regard to the ability of the body to utilize it,

PolléiS)and Marcowi%i6)injected adrenalin repeatedly
into animals after the glycogen of the liver had been
reduced to a minimum by means of fasting and strychnine

convulsions. Bach injection was followed by hyper-

glycaemisa, and after the injections had been repeated
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many times during several days the liver was found to
contain considerable amounts of glycogen., From this
experiment it would appear that adrenaline stimulates
ﬁhe internal secretion of glycogen in the fasting ani-
mal, This conception endows adrenaline with a rever-
sible effect, since it is generally regarded to hasten
the breakdown of glycogen, when given to animals with
large glycogen stores in the liver. In short, adrena-
line causes glycogen to be deposited in the liver when
none is there and to be broken down and mobilised as
sugaxr under\conditions‘of emergency, when sbundance is
already present,

Liver glycogen may thus Be diminished by a fall in
the blood sugar in which case its mobilisation is compen-
satory. It may also be diminished by increased demands
upon it, as for example, by starvation, by exposure to
cold, by muscular exercise, and by the hypoglycaemmé
which results from the abuse of insulin.

Insulin exhibits similar reversible effects. When
it is given without food to fasting white rats, it first
of all causes the glycogen content of the liver to be-
come reduced, Later, if a convulsive dose has not been

given, this decrease is followed by an increase (McILeod),

o
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(1i) Muscle Glyco- The formation of muscle glycogen
gons seems to be dependent on the sugar
of the blood which may either be
derived from the breakdown of glycogen of the liver or
from glucose absorbed into the blood strean. In sup-
port of the transmutation of liver glycogen and its re-
synthesis in the muscle, there is the evidence of a fall
in muscle glycogen when the liver is removed experimen-
tally. The formation of glycogen in the muscles from
the sugar of the circulating blood would appear to be
dependent upon the presence of insulin., Best, Hoet and
Mﬁré%V)have shown that when glucose is added to the blood
of the eviscerated preparation, no glycogen is formed in
the muscles unless when insulin is injected along with
the sugar, ChéiS)has further demonstrated that glycogen .
is formed in the muscles of non-eviscerated animals only
when the pancreas is intact and not when it has been re-
moved some hours before hepatectomy.
| The glycogen store of the muscles becomes reduced
when they contract. Manché and nhandeloz(alg)f; causing
paralysis in the muscles of one leg while the opposite
leg remained more or less active, compared the amount of
glycogen in the muscles of each, and shbwed that glycogen

becomes depleted during‘@uscular activity, and that the
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glycogen of one set of resting muscles cannot be
drafted by the circulatibn td'provide glycogen for

an active set, even although the demands of the latter
may be urgent.

V. THE ROLE OF INSULIN IN CARBOHYDRATE LETA-
BOLISHM.

It may be assumed, therefore, that just as the pro-
longation of the hlood sugar curvé in digbetes is due to
a‘deficiency in the internal secretion of the pancreas,
so the rapid fall in the blood sugar curve in the normal
is due to the integrity of the pancreas and its hormone.

The modus operandi of imsulin has not yet been fully
established. It is probable that 1t acts chiefly in
the liver and in the muscles, that its action is both
synthetic and oxidative in character, and leads to the
formation of glycogen together with hexose phosphate and
the intermediate sugars from glucose, and also to an

oxidation of the latter.

That 2ll the tissues, however, may be acted upon by
insulin has been demonstrated by Bcher and Gr&fézljwho
have demonstrated a rise in the oxygen consumption and
respiratory quotient of thin slices of different tissues in
an oxygenzted Ringer's solution containing glucose, when

insulin is added to it,
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VI. INSULIN AND THE ISLETS OF TANGERHANS,

1. Historical. ¥ore than a decade has elapsed since

Banting and Best demonstrated that
the specific anti-diabetic hormone could be successfully

isolated from the pancreas. .

Minkowskl and von KeriéQO)had already shown that the
extirpation of the pancreas in dogs produced a condition
closely resembling diabetes mellitus. Minkowski also
prdduced evidence that if a portion of the excised gland
was transplanted below the skin disbetes and glycosuria
diad not develop. If the graft was subsequently removed,
however, a fa}al issue resulted from diabetic coma,

LaguesséOl)ligated the pancrestic ducts with resulting
atrophy of the externzlly secreting glanduler tissue. Gly-
cosuria 4id not develop, the thin strip o7 conunective tissue
which remained presumably retaining the ability to elaborate
the uninown factor, If this remnant of tissuve was re-
moved, disbetes and glycosuria regulted.

This experimental work established the dual nature of
the pancreatic function. It became evident that the
specific anti-disbetic properties of the pancreas were (31)

1

affected through the medium of an internal secretion. Opie

was the first to suggest that<the islet tissue of ILanger-
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hans was concerned with the production of this internal
secretion, a view that has gained universal acceptance

in modern times,

The search for the anti-diabetic hormone culminated
in the discovery of Banting and Beéif)who isolated from
the pancreas a supstance which they called insulin. Unlike
pancreatic substances hitherto prepared, which had been
abandoned owing to the severe local reaction following
upon injection, they found that insulin was suitable for

parenteral sdministration. When injected subcutaneously

it lowered the blood and urinsry suger of depancreatised

animals,

(ii) Islets of Scattered between the externally secret-
lLangerhans.
ing alveoli of the pancreas are small
groups of epithelizl cells which have no
connection with the secretory ducts of the alveoli. These
islets have an sbundant blood supply snd contain two differ-
ent kinds of cell distinguishsble by the reaction of their
granules to intra vitam staining with neutral red. The
alphs granules are fixed in alcohclic solution while the
beta granules are fixed in watery solution.  In diabetes
rellitus in men gross macroscopic changes in the pancreas

are not usually found post mortem, but if the pancreas is
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examined microscopically shortly after death, 1t is said

that oedematous changes are found in the beta cells of the

(21).
islets.

(iii) Preparation of Insulin is prepared from the
insulin.

mammalian pancreas. The glands
are removed as quickly as possible after the death of the
animal and are rapidly frozen to preserve the active prin-
ciple from the effects of autolysis which would otherwise
set in. As required the glands are removed from cold
gtorage and processed by mincing in an alcoholic solvent.
The alcoholic extract is evaporated to small bulk in vacuo
at 459C., when the fat separates out and can be removed., The
percentage of alcohol is increased to about 80 to remove the
bulk of the inasctive protein. The resulting clear solution
is concentrated at low temperature by vacuum distillation,
the concentrate containing the insulin in sn impure condition.
Various other methods of obtaining the crude insulin have
been described. The above is an accountﬁof the fractional
precipitation method introduced by Collié?Z)

The insulin is then purified. This may be done either
by (1) the picrate method or (2) precipitation at a given
hrdrogen ion concentration of the solvent. By the former

rethod »nicric scid precipitates the insulin as insulin-picrate.
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This is separated from the total precipitate of picrates by
mesns of acetone in which the insulin picrate is alone
soluble. By the latter method the insulin, obtained in
crude form by fractional precipitation in various solvents,
is pfecipitated within a given pH range - 5 to 5.7 - of the
solvent.
(iv) Properties of Insulin in its usual form, the

Insvlin.

hydrochloride, is a white powder,

non-deliquescent but reedily soluble in wgter. Crystalline
insulin was first prepared by Abel in l9ég%) Examination
of the pure érystalline hormone shows it to be a protein of
high molecular weight. It has a nitrogen content of 15.4%
and a sulphur content of 5.2;?5)

The purified insulin is dissolved in distilled water
and the solution is passed through filter candles into sterile
containers. The insulin solution is then adjusted to the
various strengths required for clinical use. The insulin
must be administered by injection. When it is administered
by the mouth it is rendered ineffective owing to the action

of proteolytic enzymes and to the non-permeability of the

intestinal nmucosa to so large = mulecule,
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VII,. THE EFFECT OF THE ADRENAL, PITUITARY AND
THYROID GIANDS UPON CARBOHYDRATE METABOLISHM.

Reference has already been made to the effect of
adrenalin in the transformations of glucose and glycogen.
Adrenslin is the internsl secretion of the adrenal ﬁedulla.
This portion of the gland is composed of irregularly
arranged cells, some of polyhedral shape and others of
indefinite outline. The cells of the medulla, when
stained with chromic acid, take on a dark brown coloration
which has cause& this tissue to be referred to as 'chromaphil'
tissue. Iarge blood spaces pervale the substance of the
medulla, and connector fibres of the splanchnic nerve can
be traced into it to terminate around excitor cells, When
the medullary substence is fixed with osmic acid, black
grenules can be seen which are supposed to represent the
adrenglin store of the gland. After exposure of a small
ahimal to cold, the granules are said to disappear, suggest-
ing thaty by such exposure, the gland has been stimulated

(37)
to the point of exhaustion.

With regard to its effect upon carbohydrate metabolism
it may be said that adrenalin stimulates the conversion

of glycogen into glucose in the liver. The glucose is
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then poured into the circulating blood, the blood sugar
rises and glycosuria will develop if the renal threshold
is exceeded. If, however, no glycogen is present in the
liver, adrenslin would seem to stimulate its deposition
there, and, in the starving subject and the diabetiec,
the formation of sugar from protein also, Stimulation
of the secretion of adrenalin occurs in various emergency
states of which hypoglycaemis is one. The onset of the
latter affects the central nervous system and impulses
pass out along the sympathetic nerves to the liver and
to the adrenal medulla. These impulses have as their
object the mobilization of glycogen &s glucose and the
transference of thé latter into the blood stream,qto
render normal the blood sugar concentration. Caézgé
found that, at a certain critical level of blood sugar
concentration, adrenalin is secreted to reinforce the
nervous messages which pass to the liver. If the nerves
40 the adrenals are severed the hypo-glycaemia produced
by insulin is more profound and more slowly recovered
from than is the case in the intact animal. IL the
sympathetic nerves to the adrenals and to the liver are
paralysed by ergotoxin, no mobilization of liver glycogen

occubs., It has long been known that there is an increase
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of blood sugar if the splanchnic nerves are stimulated, or
if the f£loor of the fourth ventricle is punctured: bdbut
these results only occur if the suprerenal glands are
intact. )

Certain observations suggest that the pituitary gland
is related to carbohydrate metabolism., Stimulation of the
pituitary gives rise to glycosuria, and so, also, may the
injection of pituitrin, In the condition known as
acromegaly, in which the metabolic rate is often raised,
glycosuria and decreased sugar tolerance are common and
death may occur in diasbetic coma. The condition is usuwally
relieved by insulin, It may be due to over-segretion of
pituitrin which antagonises insulin and so gives rise to
a felative insulin deficiency.

If the secretion of thyroxin is abnormally increased,
as in Graves' disease, the blood sugar becomes raised and
glycosuria may actually occur, This effect also ,is dep-

endent upon the integrity of the medulla of the suprerenal

ol

glands.,

It seems probable, therefore, that the adrenal medulla,
the pituitary and thyroid glands antagonise insulin or con-

trol its action.
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VIII. THE RENAL THRESHOLD.

(i) Glucose as a Thres- Threshold substances are those
-hold substance,
which are of value to the economy
of the organism and are regbsorbed from the gZlomerular fil-
trate of the kidney into the circulation so as to maintain
appropriate levels in the blood stream.

Richards and Weaéiz)‘obtained the glomerular filtrate
of the frog by microscopic puncture of a Bowman's capsule
with a micro-pipette made of gquartz and measuring 10—20//0
in diameter. The filtrate was examined for sugar. In
the mormal state none could be detected either in the blood
or in the glomeruvlsr filtrate. Glucose was then injécted
subcutaneously.

Prom the results obtained it was concluded that sugar
must be absorbed in its passage down the tubules. If the
concentration of sugar in the blood rose above a certain
critical level, however, the excess was got rid of in the
urine.

(ii) The Renal Threshold .By the threshold of the kidney
for sugar.
for sugar, therefore, we mean the
percentage level above which an

amount of sugar, recognisable by clinical tests, appears

in the urine. The accuracy of this statement is dependent
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on the assumption that dextrose is absent fgg? the urine
of normal subjects. Benedict and Osterberg found that
dextrose is constantly present in amounts up to 0,1 per
cent in the urine of normal subjects. If this view is
held, there is no such thing as a renal threshold for
suger: the latter must therefore be defined as "the
critical point in blood sugar concentration, below which
the sugars of the blood and of the urine run parallel,

(11)
above which a large excess of sugar escapes into the urine."

(1ii) Variations in the It is a fact of common knowledge
renal threshold.
that in diabetes the concentration
of sugar in the blodd msy be at
a higher level than the normal renal threshold value, and
yet no glycosuria results, Urine analysis for sugar should
not therefore be taken as proof to imply that the concentra-
tion of sugar in the blood is normal. Such a condition is
due to what has been called a "high renal threshold”.

Just as the kidney threshold may be abnormally high,
There is a clinical condition in which it is abnormally low.
This condition, which is known a2s "rensl glycosuria", was
deseribed in 1896 by Klemperéi%) It is recognisable in a
blood sugar curve by the low point of maximum concentration

of sugar in the blood and the presence of demonsirsble sugar

in the urine.
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.IX. THE EFFECTS OF DIFFERENT SUGARS UPON THE BIOOD
SUGAR CURVE.

The blood sugar curves obtained after the ingestion
of glucose, ﬁaltose,,galactose and cane sugar resemble
each other, Lactose gives a slower and rather more pro-
longed rise. When laevulose is given, however, in moder-
ate doses, no appreciable rise in the blood sugar concen-
tration is demonstrable in healthy subjects., It would
appear that laevulose is normally dealt with in the liver
and should this organ be deficient elther by reason of dia-
betes, toxaemia or other organic disease, laevulose will
then give a blood sugar curve closely resembling that ob-
tained with the first-mentioned sugars. This inability of
laevulose to affect the blood sugar in health has caused it

to be used as a test for hepatic efficiency.

X. THE DIETARY FACTORS THAT INFLUENCE THE TOLERANCE
FOR GLUCOSE.

In any investigation into the blood sugar concentration
it is necessary to have due regard to.the previous dietary
of the subjects investigated, and to draw conclusions with
reserve,

It would appear that another factor enters into the

Tformation of the normal blood sugar curve, namely the stimu-

-
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lation, by the absorbed sugar, of the production of
sufficient insulin to cause the disappearance of the ex-

cess of blood sugar within two to two and a half hours.

(25) (26)
This effect has been suggested by Sweeney, Lawrence, and
(27)(28)(29)
others.

Sweeney has shown that persons who have been fed on
rich carbohydrate diets for two days prior to the perfor-
mance of a test for glucose tolerance have shown a marked
increase in tolerance, On the other hand, persons who
have been starved or fed on exclusive fat and protein diets
have shown a definitely decreased tolerance for glucose,

The following possibilities suggest themselves as
explanations of the foregoing phenomensa,

(1) That there is an increased oxidation of glucose in
those who have had an antecedent diet consisting mainly of
carbohydrate, whilst in those from whose previous diet carbo-
hydrate has been excluded, oxidative processes are decreased.

(2) That there is increased excretion of sugar through
the kidneys in those of the carbohydrate group.

(3) That, stimulated by carbohydrate feeding, there is
an increase in the efficiency of the Islets of Langerhans -
to produce insulin. When the Islet tissue is then stimu-
lated by the glucose ingested during a glucose tolerance test

s

the maximum response which has become the rule, results in
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a speedier removal of the excess of the glucose from
the blood. The reverse obtains in those cases from whom
carbohydrate has been withheld.,

It is difficult to explain the foregoing phenomensa
in any way except by the action of endogenous insulin. If
increased or decreased oxidation of the dextrose was the
cause, one would have to account for the effect of the
antecedent diets on this process, A reason is not clear
why antecedent diets rich in sugars should cause a more
rapid combustion of dextrose than diets consisting of fat
or protein. The only other explanation apparent would be
that there is a more rapid elimination of the excess sugar
through the kidneys. This however cannot be held to be
the explanation, because there is no evidence that those
who had been fed on carbohydrate subsequently developed a
glycosuria,

To explain these results, therefore, it is assumed
that when carbohydrate in the diet is the rule, there is
a more active stimulation of the production of insulin which
results in a quicker removal of the excess glucoée from the
blood., In other words, it gives rise to a state of increas-
ed sugar tolerance. Conversely when exclusion of carbo-
hydrate from the diet obtains, a state of decreased sugar

tolerance exists.



26.

11l. BIBLIOGRAPHY.

l. WRIGHT, S.: Applied Physiology. Humphrey Milford.
2nd Edition 1931: p.443.

2, BAUDOUIN, A.: Thése de Paris, 1908.

3, FRANK, B.: Zeit, flir Physiologie Chem: Strassbourg
1910-11, IXX: 291.

4, REICHER, K., and STEIN, H.: Verhandlung Deutsch.
Kongress Flir Inn. Med., Wiesbaden:1910:

XXVII: 401.
5. JACOBSON, A.: Biochem.Zeitung: Berlin: 1913, IVI:471,.
6. McLEAN, H,: Modern lMethods in Diagnosis and Treatment
of Glycosuria and Diasbetes: Constable. London
1924:16,

7. GEPHARD and DU BOIS: Archives of Internal Medicine.
1915: XV: 835,

8. JOHANNSOW, J.E.: Scan.Archives Flr Physiologie. 1908.
xxi:20.

9., WRIGHT, S,: Applied Fhysiology. Humphrey Milford.
2nd BEditionm: 1931: 444,

10, McLEOD, J.J.R.: Isncet: July 6th, 1929.

11, JOSLIN, E,P,.: Ireatment Diabetes lMellitus: H. Kimpton:
3rd Edition: 1%924, 24,

l12. BARBOUR, A.D., CHAIKOFF, I.L., McLEOD, J.J.R., and
ORR, M.D.; Amer., Journal, Physiology. 1927: IXXIX:
243,
19, McLEOD, J.J.R.: Iencet: July 6th, 1929.

14, HERSHEY, J.l. and ORR, X.D., Trans.Royal Soc. Canada '
1928: Seect.V., 151.

15. POLILK: Areh.Fur Exp.Path.Und Pharm, 1909: IXI:
145-166.



27.

16. MARCOWITZ: Amer. Journ. Physiology: 1925, IXXIV: 22.

17. BEST, C.H., HDEE JePs, and MAR&S H.P.: Proc, Royal
‘ Soc., 1926 c.o2.

18. CHOI, Y.0.: Amer, Journ., Physiology., 1928: IXXIII.
406,

19. MANCHE, E,: Zeitung Fur Biologie. XXV. 163.

n
20, CHAWDEION, The.: Arch, Fur Die Ges. Physiologie
- ) (P£luger) XIII: 626.

21, BUCHER, S.: and GRAFE, E.: Deutsch.Arch,Fur Klin.Med.
1924: CXILIV: 67-85,

22, RICHARDS and WEARN: Amer.Journ.Physiology: 1924: IXXT,
209.

23. BENEDIGT, S.R. and OSTERBERE, E., Journ,Biol.Chem,
Baltimore: 1918: XXXIV, 195,

24, KLEMPERER, G.: Verhandlung Die Verhus Inn. Med.
1896: XVI: 67,

25. SWEENEY, J.S. Arch.Int.led. 1927: 40:818,
26, LAWRZNCE, R.D, Quart.Journ.Med.l926: 20:77.

27, SEVRINGHAUS, E.L., and SMITH, M.B.,, Science: 1925:61
92,

28, THAIHEIMLER, W.F., RAINE, F., PERRY, M.C,, and BUTTLES, J,:
Journ. . Amen Med. Assn, 1926:87:391.

29. RABINOWITCH#, I.M. and BOZIN, E.Y., Brit.Journ.Exp.Path.
1927, 8:4.

20, MINKbWSKI and V.MERING,; Arch.Exp.Path,Pharm.1889:26:371.

31. QUOTED BY: BEAULOWT snd DODDS: Recent asdvances in ledi-
cine, J.A. CHURCHILL: London, 1929: p.57.

%2. BANTING, F.G.: The Story of Insulin, B,M.J,: 1928: i
852,



28.

33, COLLIP, J.B,: Journ Biol.Chem, 1928: IV: 462,

34, QUOTED BY McLEAN, H,: Mod.Meth.Diag.Treat.Glycos.
and Diabetes., Constable: London: 1932,
4th Edit. 154,

35, SVEDBERG, T.: DNature, 1931: 127: 438,

36. CANNON: Bodily Changes in Pain, Hunger, Fear and
- Rage, ILondon 1929: 2nd Edit.

87, WRIGHT, S.,: Applied Physiology: Humphrey Milford.
2nd Edit, 1931: p.l37.



CHAPTER II.

. G B - . v . S S . o " —

The Metabolism of Cholesterol.

. ‘The sources of Cholesterol and its
distribution in the body are here counsid-
ered., A brief account is given of the
variastions in the cholesterol content of
the blood in heslth snd disease, What
is known of the factors which govern its
netabolism is =2lluded to.
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' PHE MBTABOLISK OF CHOLESTEROL.

Cholesterol wgs first isolated in the middle of the
18th century., It is only within comparatively recent
times, however, that sttempts have been made to under-
stand the prineciples which govern its distribution in
the body in health and in disease,

Although much progress has been made in recent years
with regard to the changes that carbohydrate and protein
undergo in the chemicgl transformations within the organ-
ism, our knowledge of cholesterol remains comparatively
meagre.

(i) Distribution of Choles- Cholesterol is usually
terol in the Body.

found together with leci-.

thin, and is probably a
constituent of all cell membranes., It is found in the
red cells and in the plasma of the blood, and large
amounts are present in the ovaries, ir the suprarenal
cortex and in the white matter of the central nervous
system. The cholesterol derived from cellular 4is-
integration in the body is said to be retained, and not
excreted.

Cholesterol exists in the body in two forms, (a) a
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free cholesterol, and (b), in combination with higher
fatty acids, as ester of cholesterol or cholesteride,
These two forms are not equally distributed in the tissues.
In the brain and in the red blood corpuscles free choles-
terol only is present, whereas in all other tissues, in-
cluding the blood plasma, the cholesterol is present in
both forms, the ester generally in somehwat greater quan-
tity than the free form.
(ii) Sources of Choles- The chief sources of cholesterol
terol in the Food.

in the food are fat, cream, but-

ter, yolk of eggs, brain, liver
and kidney. When ingested in the food it is largely ab-
sorbed into the blood, Some of it is excreted in the
bile, and of this, a proportion may be eliminated in the
faeces, after being reduced by intestinal bacteria to
coprosterol, The remainder is absorbed into the blood
once more together with the bile salts.
(iii) Cholesterol of Fat exists in the blood in

the Blood. '
various forms, (1) mainly as

neutral fat, (2) as lecithine, (3) as free cholesterol,
and (4) as cholesterol combined with fatty.acid (choler-

teride). The systemic blood fat begins to rise in from



31,

one to two hours after a meal, and reaches g maximum in
about six hours. The change is due mainly to neutral
fat, being the result of an increase in the fatty acid
compounds of the blood. This increase in neutral fat
occurs both in plasms and corpuscles, A smaller increase
in the lecithin of the blood occurs mainly in the red cells,
The amount of free cholesterol circulating in the
blood after a meal may increase slightly, depending on
the amount present in the food. There may also be a
very slight increase in the amount of cholesteride, pro-
bably as a result of the blood cholesterol uniting with

(1)
the absorbed fat.

Active absorption of fat may occur without the

concentration in the blood being apprecisbly altered.

Samson Wrigéi) records that 60 grammes of butter were

given to eight normal men. In one case the blood fat

fell, in one it remained unchanged, and in six it rose.

‘The fat is probably removed from the blood by the liver,

the tissues generally, and the fat depots.

(iv) The adrenal Cortex and The following observatious,
Cholesterol ketabolism.

as yet incompletely under-

stood, suggest that the cortex#gf the adrenal gland may
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(3)

‘be associated with the metabolism of cholesterol . (1)
The cortex has a higher lipoid content than any other
organ or tissue in the body. (2) It undergoes enlarge-
ment during pregnancy, at which time the blood cholesterol
has been found to undergo an increase, (3) Diets rich in
cholesterol increase the lipoid content of the cortex.

(4) Animals which have been fed on cholesterol prior to
dotble adrenglectomy survive the operation for a longer
period. (5) After extirpation of both adrenals the blood

cholesterol is segid to rise.

(v) The Physiological and Patho- The normal level for
logical Variations in the
Blood Cholesterol, total blood cholester-

ol is stated variously
by different observers using different methods of estimstion.
The values recorded are discussed on pages 89 - 93,

Generslly, it is taken to lie within the range of 150

and 200 milligrams per cent., While the blood cholesterol

is found to vary in different subjects in health, it is
remarkably counstant for any particular individual. An
inerease in the blood cholesterol, or hypercholesterolaemisa
occurs physiologically during pregnancy, the incregse in

(4)

this case being due to a rise in the esters of cholesterol.
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It ususlly returns to normal in the first or second week

of the puerper%g?. The blood fat is also increased
during starvation.

Pathologically an increase in the blood cholesterol
occurs in subacute parenchymatous nephritis, in which

condition it is often associated with an increase in the
(5)(6)

cholesterol ester content of the kidney. The increase
in the blood cholesterol is due to both free and ester

forms. Hypercholesterolaemisa has also been said to occur
(7)
in cholelithiasis a?d obstructive jaundice,and in myx-
(8
cedema and diabetes.

[

In both diabetes snd starvation, fat from the depots
is called upon to supply the needs of the body. The
fat is transported to the liver, there to be desaturated
and converted into lecithine-like bodies which the +tis-~

' Sues can utilize., The blood lecithine and the blood

cholesterol consequently rise.

A decrease in the blood cholesterol or hypocholester-~
' (8)

olaemia, is said to occur physiologically during menstrustion

though this finding has been contradicted by other obser-
(9)

vers. Hypocholesterolaemia has been reported to occur

(10) (11)(12)
pathologically in epilepsy, and also during the febrile
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(8)

“stege &f many illnesses due to infection. It is believed

to occur at the height of the fever only.

1.
2e

4,
5,
6.
7.
8.
9.
10.
11.

12.
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«CHAPTER III.

The Nsture of the Influence

of

Toxsemis upon Carbohydrate Metabolism.

In this Chapter the literature of the
experimental aspect of the subject is re-~
viewed and the theories extended in explan-
ation of the disorders are outlined.
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The Nature of the Influence of Toxaemia on

Carbohydrate Metabolism.

That toxaemis may have disastrous effects upon the
carbohydrate metabolism of the diabetic is a fact that has
gained wide clinical acceptance in modern times., It has
its expression in the fear with which intercurrent in-
fections in this type of patient are regarded.

The observation of this phenomenon has its counter-
part in the realisation that toxaemia may also produce
a state of diminished sugar tolerance in those who are
not the subjects of diabetés. Experimentally it is
possible to produce an almost analogous condifion in
laboratory animals, and such experiments have been the
basis of the various theories which are held to explain
the condition of diminished sugar tolerance, resulting
from toxaemia,in man.

The pathology, both of the experimental disease iIn
animals and of the actual disease in man, affords abundant
evidence that the toxin of diphtheria has a marked effect
upon the various tissues concerned with carbohydrate
metabolism - the liver, the pancreas and the ductless

For this resson and also because the toxaemia

glands.,
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which it produces is capable of fairly accurate
measurement in respect of dosage, diphtheria toxin
lends itself to, and has been widely used in, compara-
tive experimental studies aimed at determining the
influence of toxaemia on carbohydrate metabolism, In
consideration of its known effects the diphtheria toxin
has also been applied, conversely, to the elucidation
of physiological problems pertaining to normal carbo-
hydrete metabolism, |

To explain disordered carbohydrate metabolism
in the presence of toxaemia the following theories have
been advanced by different workers on the subject,

I. Toxaemia interferes with the production
of endogenous insulin and causes diminished

glycogenesis.

II. Toxaemia cguses a stimulation of the thyroid
and adrenal glands and brings about ineressed

glycogenolysis.

III. Toxins actually destroy, inactivate or inhibit
insulin in a manner similar to that by which
the latter is broken down by pancreatic trypsin.

(1)
I. Sweeney and Iackey tested the tolerance of glucose

of rabbits suffering from varying degrees of toxaemis
produced by subcutaneous injection of a dose of diphtheria

toxin such that death occurred in ffom 5-7 days., This
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dose was found to amount to .0075 - .0l aem. of the
particular toxin used, the minimum lethal dose of
which equalled .03 ccm.

All the animals used, including the controls, were
starved during the experiments in order to eliminate
effects due to diet. On the day preceding the ad-
ministration of giucose all food was removed from the
animals cages water alone being allowed. On the following
day each animgl was given 5 grams. of glucose in 25 cems.
of water, by means of a stomach tube, Samples of blood
were drawn from the marginal vein of the ear, and the
blood sugar was estimated before, and 30, 60, 90, and
120 minutes after, the administration of the glucose.

The tests were repeated daily until the animgls died in
order to observe the effect of a toxaemia of increasing
duration upon the tolerance for glucose, Non-toxiec
rabbits were used as controls and were tregted in an
exactly similar manner, being observed over periods equal,
in duration, to those by which the experimental animals
survived the administration of toxin,

Only three toxic rabbits were used the results

obtained being so marked and so uniform that additional
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‘Fig. I, Daily curves showing the tolerance for
dextrose of an experimental rabbit following sub-
-cutaneous injection of 0.0075 c.c. of diphtheris
toxin. The numbers at the end of each curve
indicate the duration of the toxaemia in days.

(After Sweeney.)
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observations were counsidered unnecessary. Sweeney and
Lackey found that rabbits poisoned thus by diphtheris

toxin suffered a markedly decreased tolerance for glucose.

The most outstanding fact observed was the positive
association between the duration of toxaemia and the
impairment of glucose tolerance. The longer the toxasemia
lasted the greater was the inability of the animals to
remove the excess of glucose from fHe blood. The results
obtained by them in the case of on; of their animals are
reproduced in Fig.I

Believing that the principle action of insulin
is one of glycogenesis, these workers suggest that the

most probable explanation of decreased sugar tolersnce

in the presence of toxasemia is s disturbance in the action
or in the production of insulin.

Sweenég) pursuing this suggestion further, repeated
the work quoted and observed the effect of injected insulin.

Rabbits were again used, the proceduvre followed being

i
*
g .

identical with that sdopted in the previous experiments.
Fifteen minutes after the administration of glucose two
: units of insulin were injected subcutaneously. Four

rabbits were used, one as a control. Of the three
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represent the number of days of fasting and toxaemis.
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experimental animals each rendered toxic with ,0075
ccms of the particular toxin used, one lived for six,
one for seven and one for eight days.

The results obtained showed that toxaemia does not
cause an appreciable change in the action of injected
insulin. In the three toxic animals Sweeney'found a
constant "two unit” action even in the presence of an
increasing toxaemia. The blood sugar curves obitained
in the case of one of the rabbits is reproduced in Fig.Ii.

From the results of these experiments Sweeney
assumed that the effect of toxaemia upon glucose tolersnce
was principally that of an impairment of the ability to
store carbohydrate. Believing the storage of carbohy-
drate to be brought about by endogenous insulin, he
suggested that the effect of toxsemia was, directly to
depress the production of insulin, since the action of
injected insulin was affected little, if at all, by
toxaemis, Since insulin brings about the storage in
the liver of glucose as glyéogen, Sweeney concluded that
tﬁe abnormality of carbohydrate metabolism during toxaemis
was due to diminished glycogenesis.

The view may be held that the inefficacy of insulin
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in digbetics suffering from infections and toxaemia,

is due to a femporary relapse of an irherently damaged
'~ pancreas, In normal subjects, disordered carbohydrate
metabolism, under similar conditions and in a similar
manner, may be due to the temporary manifestation of a
subclinical disorder, latent during health. If the
former were true the condition would not be expected to
improve so rapidly as it does when the cgusgtive factor
ceases to act. In the second instance it is unlikely
thaﬁ SO0 many subjécts have latent pancreatic defects.
Without presupposing, in either case, the existence or
aggravation of a pancreatic lesion, most observers do
not accept the view that infection so seriously damages

the pancreas as to impair its elaboration of insulin,

.II.,A more likely explanation is that infection and
toxaemia produce a metabolic condition which will not
respond to endogenous igsulin in the usual way.

Lawrence and Buckgg; found that a similar insulin
resistant condition could be produced in normal rabbits
after the injection of different infective and toxaemic

agents. The most definite results obtained by them were

achieved with diphtheria toxin. Observing the blood
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sugar response before and after the injection of this
toxin they found it possible to produce in normal animsls
a condition in which the blood sugar was spontaneously
raised and in which the power to reduce blood sugar was
greatly diminished and sometimes absent.

The effect of a small dose of insulin upon the blood
sugar was observed. Toxin was then given ,004 cacm. being
most successful in ensuring the death of the rabbits in
4 - 7 days. The effect of & similar dose of insulin
was observed daily till the animals died.

They found (1) a great tendency for the fasting
blood sugar to vary, from time to time, between 90 aﬁd
150 mgms, per cent. Their rabbits refused all food
after the second or third day. Since by this time the
glycogen store of the liver and muscles is reduced,to
the point of exhgustion, they regard the variations in
the fasting blood sugar as due to variations in the rate
of production of sugar from endogenous sources such as
protein and, possibly, fat. When the blood sugar is high,
either an excessive production of sugar is taking place
from these substances (gluconeogenesis) or mobilizabion

of what glycogen has been stored from this new sugar is
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suddenly taking place. It is probable that new formed
suéar from other substances passes through the stage of
glycogen, because a liver that has been deprived of
glycogen by starvation or strychnine convulsions graduvally
recovers a certain amount of glycogen as the starvation
proceeds., This has been referred to om page . where
it was noted that adrenaline has a reversible effect -
causing deposition of glycogen in the liver when none is
there and bringing aboutb ifs pobilization a8 sugar when
abundance is present.

Varistions in metabolic activity by causing varying
rates of sugar utilization will bring about fluctuation
in the blood sugar level. Iawrence and Buckley's animals,
however, crouched at the bottom of their cages all day.
The variations in the fasting blood sugar concentration
would appear to be due therefore to a periodicity of
adrenal thyroid function, antagonising insulin at all
times but in varying degree. Overactivity of this
function would result in increased gluconeogenesis
maximum depression of the insulin effect and a relatively
high blood sugar concentration, Exhaustion of the
adrenals, or paralyses of their function, on the other

hand would lead to suppression of gluconeogenesis,
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minimunm depression of the insulin effect and a relatively
low‘blood sugar concentration. ,

(2) ZIawrence and Buckley also observed a prelethal
rise in blood sugar in those rabbits whose death was pro-
longed until the 7th day, whereas in those gnimals where
death followed within a day or two of the injection of
toxin the blood sugar remsained low, Since ergotoxine
prevents the mobilization of sugar from the liver by
sympathetic impulses and adrenalin, and so prevents the
prelethal rise in blood sugar, they conclude that the
latter is due to terminal glycogenolysis from the liver,
brought about, probably, by the final reaction of the
adrenals to falling temperature, with which they correlate
the condition, and by approaching dissolution and death.
Cremer (page 18 ) has shown that when an animal is exposed
to cold, great depletion and final exhaustion of the adrenal
gland occurs.

In those animals in which death occurred early and
was associated with a low blood sugar, it is conjectured
that the adrenal was paralysed from the commencement by

the large dose of toxin used.

(3) In the case of nearly all of the agnimals used,
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blood sugar curves, carried out affer the injection of
diphtheria toxin,'revéaled s diminution or failure of
the hypoglycaemic action of insulin. This was most
obvious when the febrile reaction wore off and when the
"Pixed" or chronic effect of the toxipy was fully extablishéd.
When the fasting level was low, insulin action was least.
The reversible effect of insulin has already been
noted on page 1 . It forms glycogen in the muscles and
liver when sugar is plentiful. When given without food
to fasting animals insulin causes the glycogen store of
the liver to become reduced. It also checks the new
formation of sugar from protein and perhaps from fat also.
In the normal animals insulin tends to lower the blood
sugar, after carbohydrate ingestion. If it fails to do
so in the toxaemic animal, the high blood sugar which
results may be due to an overactivity of the adrenals, which
causes glycogen mobilization if glycogen is available, or
gluconeogenesis if the contrary condition obtains, In
short the actions of adrenalin and insulin are opposite and,
in this case, unequal, the balance being in favour of the
former., Insulin, according to another conception, .is

anabolic and adrenalin is katabolic, The result depends
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‘upon whether insulin can lower the blood sugar at all,
or is, in varying degree, antagonised in this regpect
by the contrary mechanism. If this view of the dis-
turbance of carbohydrate metsbolism is accepted the
abnormality would seem to result from increased glyco-
genolysis in which thyroid-adrensl stimulation, by the
toxic agent, is Xhe causative factor,

11T, Kareliéé) and his co-workers observed a girl
aged 6 years who displayed peculiar reactions to insulin.
On a constant diet and with a standard dose of insulin
this child displayed at one time an insulin resistance
and at another a hypoglycaemic respounse. The suggestion'
was made that the patient had a substance in her blood
which annulled or inhibited insulin action during the
resistant phases, though no pathological basis was found
to explain the phenomenon.‘

The question arose whether the blood plasma of normal
people might not, also, inactivate insulin in vitro and
whether a similar, though more pronounced, effect occurred
in diabetes. In the event of this proving to bé the

case, they thought that an explanation might be given to
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the fact that diabetes becomes worse during infections.
and after injuries or operations, Any hypothetical
substance which might be held to have this effect in
vitro might reasonably be conjectured to have an exalted
action during spontaneously acquired diseases and

intoxications in vivo.

As judged by the effect of the insulin upon the blood
sugsr of rabbits, they found that normal blood plasma
inhibited insulin in vitro, and that this inactivation was
quantitiative and governed by the time during which the
reagents were incubated., Thus 1, 2 and 3 c.c. of serum
had no effect upon 3 units of insulin but 4 and 5 c.c.
dhowed definite inhibition. Complete neutralisation of

the insulin occurred when this amount was incubated with

10 or 15 ce. of serunm.

It was their impression that the inhibitor was pro-
bably, of the nature of an enzyme, and since blood cells,
particularly leucocytes, were likely to contain it in
greater degree, they investigated the phenomenon when these
were used.

5 c.c, 0f blood cells gave reactions similar to 10 c.c.

of plasma, but no consistent Teaction was obtained unless
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the blood cells were first laked. When this was done,
it was found that 2 c.c. of cells consistently caused
a greater neutralisation than 10 c.c. of plasma or 5 c.c.
of unlaked cells. As little as .5 c.c. of laked cells
caused g definite inhibition.

The authors conclude that the inhibitory substance
is mainly intracellular. They carried out similar experi-
ments using various samples of blood plasma and cells, and
found that disbetic blood is more inhibitory than normal
blood, The blood of patients with infection affected
insulin in a similar menmer and to the same degree ag
digbetic blood. Blood from a child in the first day of
an attack of serum sickness, which occurred on the 10th
day after an injection of diphtheris antitoxin, showed
marked insulin inactivation which was,of course,very much
less than that founl during the period of toxaemia., Since
leucocytosis accompanies various infections, an enquiry
was made as to whether white blood cells had a greater
inhibitory effect than = mixture of white and red cells
together, The blood of a case of myeloid leukaemis
giving a count of 200,000 whites and 900,000 reds, was
used. The leukaemic blood showed a greater insctivating

power than did normal blood. Insulin resistance was also
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noticed in rabbits after the injection of typhoid vaccine,
but was inconstant.

These observations were limited to in vitro ex-
periments. The explanstion of the phenomenon is
entirely conjectural. Karelitz, Cohen and Leader guote
Epstein and Rosenthal to the effect that trypsin, under
conditions of surmised increased permeability of the
pancrestic capillaries, may pass into the blood stream ﬁith
resultant inactivation of the internal secretion, Colgzg
suggested that insulin requires a complement for its action,
while Lundsgaé?é and otéggs have attempted to show that a
co-ferment is necessary for the effective action of insulin
upon carbohydrate metabolism.

It is fonceivable that, when the cells are injured as
they are during infection and intoxication, an abnormal
state exists enabling az ferment to act upon insulin.

lawrence and McCaﬁce, however, hold the view that
insulin resistance is not due to sepsis or toxaemia but
to the accompanying bodily changes. In support of this

contention they described an unusual case of septicaemia

caused by the staphylocuccus aureus. The insulin require-
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ments, after an initial increase, became pregressively
less as the sepsis grew worse, the reduvection coinciding
with a falling temperature and a failure of reactive
power. | |
They regard a successful termination of infective
processes as being due to the activity of the thyroid
and adrenal glands., If a patient's recaction fails,
as in their case, it indicates that thyroid-adrenal
exhaustion has come gboult, whereby the recognised anta-
gonism of these glands is removed, with resultant over-
action of insulin. In this way the insulin requirements

became less as the sepsis grew worse and reaction failed.
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The Clinical and Laboratory Methods Employed.

l. Administration The tests for glucose tolerance were
of Glucose.
carried out after a fasting period
of not less than 12 hours' duration. Oral administration
of a solution of glucose in water was the method adopted
in preference to glucose by the intravenous route. The
collapsed state of the superficial veins and the fact that
the subjects of the investigation were mainly children in
whom the veins are small were obvious disadvantages of
the latter method. Intravenous technique, in addition,
requires time and deliberation and for these it was deemed
unsuitable for the investigation in hand, Advantages of
the method are accuracy of dosage and absence of vomiting
following administration. Vomiting, whether of cardiase
origin or due to acidosis, is a common occurrence during
the course of diphtheria. When it occurred during the
glucose tolerance tests it was the means whereby many
cases were lost for the purposes of the investigation. The‘
balance of the factors concerned favoured administration
of glucose by the mouth, and this was the procedure fol-
lowed throughout. The glucose was given on an empty

Pure medicinal glucose was used and it was dig-

stomach.
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solved in water in the proportion of 4 grams glucose to
1 fluid ounce of water,
2. Withdrawal of Capillary blood from the pulp of the

Blood. finger was used for the estimation
of blood sugar and blood sholesterol. Success in blood
sugar work depends very much upon the technique evolved
for obtaining blood specimens. The following is an ac-
count. . of the technigue which was found to give the best
results., |

A set of flat surgical needles of the Hagedorn type
was used. These were kept sharp on s small carborundum
hone. A blunt needle, invariably, gives poor results.
The finger nails were trimmed short and the hand was
thoroughly cleaned by scrubbing with soap and warm water.
This has the further effect of inereasing the circulation
through the part. Since specimens are required at inter-
vals during 2-2% hours (required for tolerance tests) the
hand and wrist were enclosed in a clean towel applied after
the manmer of a gauntlet. Shortly before the withdrawal
of each specimen of blood the hand was immersed in a basin
of warm water which, in conjunction with light friction of

the forearm, aided the flushing of the part with blood. No

procedures were adopted which might cause passive conges ~
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tion of the fingers and thereby interfere with the
accuracy of the results. In particular squeeging of
the punctures in order to obtain more blood must be avoid-
ed. It was found unnecessary with the present techmique.
The second finger was usually cﬁosen. With the
palmar surface facing upwards the finger was held, at the
first interphalangeal joint, between the thumb and first
finger of the clinician's left hand. The patient's hand
rested on the edge of the bed. A deliberate, forceful
thrust was made into the pulp of the finger, after ster-
ilisgtion with ether. A newly-sharpened needle was used
for each case, and was held between the second finger and
thumb of the operator's right hand. The blood pipette
could then be held in readiness, pencil-wise, between the
first and second fingers. The blood was allowed to run
into the pipette which was held with a slight inclination
downwards, air bubbles being carefully avoided. It was
found better to aim at the precise amount of blood re-
quired rather than to rely on adjusting the blood column
in the pipette when too much blood has been withdrawn.
This takes time, allows clotting and, as often as not,
results in "pulling™ the column below the required mark.

Precision saves time, prevents clotiting, is more accurate
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and is easily accomplished with practice. When too much
blood was allowed to enter the pipette it was found to be
the best procedure to coax the column down by capillary
attraction on the smooth skin at the edge of the operator's
hand. Gauze is too absorbent for this purpose. The
outside of the point of the pipette is best cleaned of
adhering blood with a small plece of moist silk., It was
considered sufficient reward for the elaboration that this

method gave good resultvs. In no case did a septic finger

result from the puncture.
3. Bstimation of Blood A colorimetric method was fav-

Sugar.
oured because of the advantages

- which it offers in making accurate blood sugar determin-
ations. It is particularly suited to investigations in
children because of the small quantity of blood required,
and for c¢linicisns 1t has the appeal of rapidity when a
wide survey of the blood sugar is contemplated.

Various techniques are available for the micro-
estimation of blood sugar. The method used was that of
Folin and Wu, as adapted by Wallis for .1 c.c. of blood.
The method is described by Harrisoél) on whose description
the following account is based. With the exception of

the stock glucose solution the reagents required are the
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sgme as in the original method of Folin and Wu. The
proteins are precipitated from the blood and the blood
sugar is estimated colorimetrically in the filtrate,
PRINCIPLE: The proteins are precipitated with Tung-
stic Acid which is formed by the interaction of sodium
tungstate and sulphuric acid. The protein free filtrate
is treated with an alksline cupric tartrate solution
under standard conditions. It is then treated with a
solution of phosphomolybdic acid which is reduced in
proportion to the amount of cuprous salt and, therefore,
in proportion to the quantity of sugar present. The
compound formed by the reduction of the phosphomolybdic
acid is bluve and the intensity of colour is compared in
a colorimeter with that of a standard solution of pure
glucose treated in a similar manner,
APPARATUS: Set of flat Hagedorn neédles.
.1 c.c. blood pipettes.
2 c.c. reagent pipettes (4).:
1 c.c. reagent pipettes (3).
Pyrex centrifuge tubes.
Small pointed stirring rod.
Filter papers (7 cm. Whatman No.41).
Folin sugar tubes.
Small filter funnels.
The Folin sugar tubes are constricted in their lower
third into a stem, which terminates in a bulb holding a

fraction less than 4 c.c. of fluid. The 4 c.c, mark is
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placed on the stem just above the bulb, the tube itself

being marked off at 12.5 c.c.

REAGENTS. |
1. 10% sodium tungstate (NagWOg.2Hg0) )
2. 2/zN. sulphuric acid. ) As in
3. Folin and Wu alkaline copper reagent.) original
4, Phosphomolybdic acid reagent. ) method

5. Stock glucose solution, .1%
6. Standard glucose solution, .,005%

PREPARATION of REAGENTS.

1. Stoeck sugar solutions. These solubtions are made in

a saturated solution of benzoic acid in water (solubility
1:400). A saturated solution of benzoic acid is pre-
pared by adding 2.5 gm. to 1000 c.c. of boiling water and
allowing to cool. This gives a 0.25% solution of bengoic
acid. 0.1 gm. of pure dry glucose is dissolved in 100 cc.
of the saturated benzoic acid solution. This solutioh
keeps indefinitely and the standard glucose solutions are

prepared freshly from it for each series of estimations.

2. Standard glucose solution. 5 c.c. of stock glucose

golution are diluted in 100 c.c. saturated bengoic acid
solution in a 100 c¢.c, volumetric flask. This gives a
standard .005% solution of which 1 c.c. equals .05 mg, of

glucose. Fresh standard solutions do not keep and should,

therefore, be prepered immediately before use.
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3. Folin and Wu's Alkaline Copper Reagent. 40 g, of

anhydrous sodium carbonate are dissolved in 400 c.c. of
water, and the resulting solution is transferred to a
litre f£lask. 7.5 go of tartaric acid are added, and when
this has dissolved, 4.5 g. of crystalline copperAsulphate
are added. After thorough shaking, the substancés dis-
solve and the volume is made up to a litre.

4, Molybdic Acid Solution. 35 g. of molybdic acid and

5 g. of sodium tungstate are added to a litre beaker, to-
gether with 200 c.c., of 10% NaOH and 200 c.c. of water.
The contents of the beaker are then boiled for half an
hour or so to remove the ammonia from the molybdic acid.
After c&oling, the gsolution is transferred to a 500 c.c.
measuring flask, and diluted to about 350 c.c. 125 c.c.

of 85% ' phosphoric acid are then added and the volume is

made up to 500 c.c.

5. % N. Sulphuric Acid Solution. (20 c.c. HgSO4 in

500 c.c. Ho0). The acid used was standardised and had =

factor = .667N.

TECHNIQUE: -
i, Nix in a graduated pyrex centrifuge tube the follow-

ing: 3.5 c.c. distilled water
.1 c.c, blood -
.2 c.c, 10% sodium tungstate
.2 ec.,c, N. sulphuric acid.
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Allow to stand for 10 minutes by which time the protein
precipitate will have elumped. Centrifugalisation should
result in a cerystal-clear supernatant f£luid. This is
filtered through a smell washed filter paper (Whatman,
No.41l, 7 cm.).

ii. Into o Folin sugar tube pipette -

2 c.c, blood filtrate
2 c.¢. slkaline copper solution.

Into 2 more Folin sugar tubes, A and B, pipette -

A, B. Fefe

e

2 c.c. .005% glucose 1l c.ec, distilled water 7

2 c.c. alkaline copper solution. 1 c.c. blood filtrate —— ;
2 c.c, alkaline copper sol.

These are the standard solutions. A is the Strong
Standard = .1 mg. glucose, and B is the Weak Standard
= .05 mg, glucose,

The tubes are then placed in a boiling water bath for
exactly 6 minutes. They are then allowed to cool for 1 or
2 minutes only. If cooling is prolonged or if the tubes
are shaken, there is a risk of oxidation of the cuprous
oxide by the atmosphere. |

To each tube is added 2 c.c, phosphomolybdic acid.
Digtilled water is run in from a burette to the 12.5 mark

and the contents are mixed by inversion.
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The unknown is then compared in the colorimeter with the
Standard which most closely matches it in eolour,

iii, Calculation. The unknown U is placed in the
left-hand cup and set at 40. The standard S is placed
in the right-hand cup and the rack on that side is adjusted

till the colours match.
Standard A: The standard contains 2 c.,c. of 0,005%

glucose.
100 c.c. of standard solution = 5 mgm. glucose.
1l c.c, " n i = _J%S_G n | "
2 c.c. M n 1 =5 X2 n
= 0.1 " "
aSremmn

Standard B: The standard contains 1 c.c. of 0.0058%

glucose.

100 c.c, of standard solution = 5 mgm. glucose.

lcesce 7 n " = _ .05 ™" "

eett—r——

Let S be the reading of the standard, U the reading of
the unknown, and let X be the amount of sugar in mgm, in

the 2 ¢.c. blood filtrate taken.
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Then for standard A, -
X x U = 0.1x58

X - QL;UE—é mgm. glucose

But,
" 4 c¢,c, blood filtrate are derived from 0.1 c.c. blood

... 2 c.e. " " Y’ " 't 0005 c’c. "

.%e 0.05 c.c. DPlod conbains 9—‘-:!‘%-}-{-—3- mgm.glucose

... l c.C. n n O

At

1 0.

o'« 100 c,.c., "

For standard B,
XxU = ,05x8

X = .05 X S
. U
But,
4 ¢c,c., blood filtrate are derived from 0.1 c¢.c. blood.
% 2 c.c. " " " n " 0.05¢.,c¢, T
.'. 0.05 c.c. bllod contains 0.05 x S
.. 1c.c. m " 0.05 x S
0.66x U
0.056 x S 10
.°. 100 c.c. " n S xxU 0

S
.[-]eX 100
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If the unknown U is set at 40,
Then with standard A,

S
100 c.c, blood contain T =x 200 mgm glucose
- _§_ n 1
= D x 200
= 8 x 5 . un

And with standard B,
o)
100 ¢.c. blood contain T X 100 mgm. glucose

- _§__ 1 n
= 5 x 100

S X 2.5 " "

Abbreviated Method of Calculation:
With standard A blood sugar = é% X 0.1 X 2000 mS x5 mgm;%

. noog o " =2 x0,05x 200058 x 2,5 " "

iv. Observations. The blood was collected in ,1 c.c,
blood pipettes of which several were kept ready for use,
" A series of pyrex centrifuge tubes was carried in a wooden
test tube rack holding 12 tubes. Before the blood was
drawn 3.5 c.c. of distilled water was pipetted into the
first tube. The blood was then discharged from the hlood
pipette directly into the distilled water, the pipette

being washed thovoughly with the latter. If the blood was
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discharged into the depths of the Water'by gentle tapvying
against the side‘of the tube, a sufficient quantity of clear
supernatant fluid was obtainable to ensure accuracy in wash-~
ing the pipette. The tungstate solution and the sulphuriec
acid were then added, protein precipitation and estimation
being carried out forthwith. It was found convenient to
use a small blunt pointed glass stirring rod to effect com-
| plete admixture of the resgents.

The pipettes must be kept scrupulously clean. After
each experiment the pipettes were flushed several times in
a hot mixbture of sulphuric acid and potassium bichromate
contained in a test tube. They were then washed in 4dis-
tilled water, alcohol and ether, The pipettes were then
blown dry using gentle heat and a rubber air buldb with tube.

Accuracy in the measurement of the reagents is essen-
tial. Although graduated pyrex centrifuge tubes were
used it is important to note that, although they may read
accurately over the whole scale, they may read inaccurately
at the intervening levels. Those used were selected, after
checking, but it must be pointed out that in no case were
micro-measurements made in any other way than by means of
specially procured pipettes. At the very most, graduated

tubes serve only =25 a check upon one's messurements in the
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early stages'df the investigation, before accuracy has
become a habit.

The reagents used must be carefully and accurately
preparedf The %N sulphuric acid used had a normality

factor of .667.

Accurate measurement of the reagents used is egually
essential. The pipettes used were specially procured**
and these were labelled, by means of "tags" of adhesive
tape, with the names of the solutions they were intended
to measure. Bach pipette, therefore, was kept for but
one purpose.

The procedure of withdrawing the blood directly into
the pipette was adhered to throughout. At first the
blood was collected into smaell glass combustion tubes
measuring 4 x 1 em., into which had been placed previously
a small pineh of finely powdered potassium oxalate with
the object of prevemnting clotting. The procedure was

abandoned in favour of the method described, as the oxalate
6

* The reagents used were supplied by lessrs The British
Drug Houses ILtd., Graham Street, City Road, London N.1,

** Dhe blood sugar and reagent pipettes were supplied by
Messrs Griffin & Tatlock, Scientific Instrument Makers,
45 Renfrew Street, Glasgow C.2. The pyrex centrifuge
tubes and Folin sugar tubes were supplied by XNessrs
MeCulloch, Brothers & Wilson, Secientific Glassblowers,
46a West Princes Street, Glasgow C.4,
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was fouhd’to interfere with protein precipitation. Var-
ious procedureé have been férmulated to prevent this
effect of the oxalate but none showed any advantage, after
trial, over the simpler method used.

In view of the posgssibility of glycolysis estimations
were carried out at once. In any series of experiments,
the results of which are to be compared, uniformity in
the time taken by the various steps involved is essential.
The time during which the sugar tubes remain in the water

bath, and cool on being removed from it, are important in

this respect.

4, The Estimation of In this investigation the choles-

Blood Cholesterol.
terol of whole blood was investi-
gated. The only absolute method of estimating cholesterol
ig the gravimetric method of ¥Windaus, which involves the
precipitation of cholesterol in combination with digitonin.
The method is costly and tedious and it has, moreover, the
disqualification of requiring larger quantities of blood
than are practicable in clinical work,

In order to carry out the necessarily large number of

cholesterol estimations required a micro-method was degir-

able such as could be carried outb expeditiously and with a

e
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small quantity of material. -

In 1924 Letbofég)described a method of estimating
the total blood cholesterol, which required only .25 c.cm.
of blood. The method employed in this work is the Lei-
boff method as modified by Duttoé?) The principle in
both the original and the modified method is essentially
the same, involving the extraction of cholesterol from
a blood impregnated filter disc by means of chloroform
distillation. In the original method it is difficult
to prevent water from forming within the extraction tube
by condensation of steam from the water bath in which dis-
tillation is carried out. This disadvantage has been
overcome in Dutton's method.

The method has a futther obvious advantage in the
fact that the estimation is carried out in the same tube
as that used for extraction, an arrangement which secures
conservation of the cholesterol and aids accuracy. In the
method of NMyers and Warde£§>one cubic centimetre of blood
is absorbed in plaster of Faris. The mixture is dried,
pulverised and transferred to a filter paper extraction
thimble. In this manoeuvre loss is liable to be sustained

in the transfer of the material from the mortar to the

extraction apparatus, with consejuent insecuracy of the

amount recorded.
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The Micro-Egtimation of Blood Cholesterol by the
Leiboff lethod as modified by Dutton.

APPARATUS :
Set of tubes with condensers.
Ether extracted 2" filter dises.
Water bath and micro-buruner.
Blood pipettes .25 c.c.
Reagent pipette 2 c.c.
Reagent pipette .1 c.c.
LRubber tubing.

THE METHOD: The apparatus consists of a tube 6" long
and 1Y in diameter; it 1s counstricted at the lower end
and terminastes in a bulb after the manner of the Folin
sugar tube. The bulb contains slightly less than 5 c.cms.,
this level being marked on the stem just sbove the bulb.

The filter disc absorbs a measured quantity of blood which
igs thereafter dried to free it from moisture. The filter
discs are of such a size that when one is placed within

the tube, it rests horizontally on the shoulder of the tube -
at the upper end of the coustriction. Suspended in the
upper part of the tube is a simple condenser. When heated,

ehloroform vapour rises upwards, and to facilitate its

Reagents: .08% stock solution of cholesterol
in chloroforn.
Acetic anhydride.
Concentrated sulphuric acid.
Pure chloroform.
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passage two small crescents mey be nibbled from opposite
edges of the filter disc. The chloroform vapour con-
denses and a constant drip pours from the lower end of
the condenser upon the blood saturated filter dise. The

cholesterol is extracted from the blood and is carried

down into the bulb by the stream.

TECHNIQUE: The blood specimen may be collected from a
finger prick straight into the 0.25 c.cm. pipette; it is
discharged on to a filfer-paper disc £ in., in diameter cut
from Whatman filter paper 1/16 in. thick; the discs should
be ether-extracted in bulk before use.

In order to get rid of water the disc with the absorb-
ed blood is dried by gentle hesating for half an hour &t
between 40°C and 50°C. A little less than 5 c.cm. pure
dry chloroform is poured into the extraction tube and the
dried impregnated filter-paper disc is dropped into the
tube where it remains supported just above the counstriction.
The condenser is placed in position gnd the tube immersed .
to the level of the chloroform in a bath of boiling water.
Axtraction has been found to be complete in 20 minutes,
but half an hour is usually allowed. The tube is removed
from the bath, wiped dry, and the condenser and disec are

removed; wheh the tube has cooled to room temperature,
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chloroform is sdded exactly fto the 5 ¢.cm. mark, <~sti-
mation is performed in the usual way making use of the
Liebermann-Burchard reaction; 5 c.cm. of s standard sol-
ution of cholesterol containing 0.4 mg. cholesterol per

5 c.cm. is placed in a similar tube; +to both standard and
test are added 2 c.cm. acetic anhydride and 0,1 c.cm, con-
centrated sulphuric gcid. Cork stoppers are inserted, the
tubes are then inverted twice to mix well, cooled for half a
minute in cold water, and set aside in the dark for twenty
minutes for the colour to develop. Comparison is made with
the colorimeter, the standard being set at 10 or 15 depend-
ing on the intensity of colour of the unknown,

CATCULATION: The standard solution of cholesterol is

prepared by diluting 10 c.c. of the stock solution to 100 c.c.

with chloroform. 5 ccs. of the standard solution cohtain

0.4 mg, of cholesterol,

The colorimeter readings give one the amount of choles-
terol contained in the unknown solution relative to that
contained in the standard. This ratio is multiplied by
the cholesterol content of the standard, i.e. 0.4 mg., the
result expressing the absolute cholesterol content of the
unknovn, in milligrams. The amount of the blood used is

0.25 c.cm. To express the result as a percentage it is then
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necessary to multiply by 400.

Reading of Standard
Reading of Unknmown x 0.4 x 400 mgms. per cent.

5 x 160

-
ACCURACY of METHOD: The accuracy of the method is -

shown in Table  , which shows a‘eomparison of the méd-
ified method ﬁhen compared with the original. Varying
gquantities of cholesterol'were absorbed on to dises and
extracted, the extract being compared with controls con-
taining the same amounts of cholesterol. Comperative

(5) (4)
estimations by the methods of Bloor and Wardell are given

on page 9 .

Table I.
Experiment Ho. 1 2 3 4
Amount of cholesterol:
On dise . . . . . . jin.mg. 0,1 0.2 0.5 1.0
In control. . . . . " 0.1 0.2 0.5 1.0

Colorimeter reading:
0f conbtrol. . . . [Ain.mm,15.0 |15.0 | 15.0 |10.0

0f extract (u31ng " 4 4
Leiboff tube) 14.9 [14.9 | 15.1 {10.0
0f extract (using o 14.8 |15.0 | 14.9 | 10.1

modified tube)

OBSERVATIONS: The Liebermamm-Burchard reaction produces

a blue-green coloration in the reagents due to acetylation

by the acetic anhydride and condensation by the sulphuric
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écid. The intensity of colour reaches a maximum after
the elapse of a certain time which is quoted variously by
different workers. Grigégé advises reading after the re-
action has been allowed to develop for half an hour. Auten-
reith and Fﬁég)advise a period of twenty minutes. They in-
vestigated the rate of development of the colour intensity
in a standard solution of pure cholesterol, To this acetic
anhydride and sulphuric acid were added, comparison being
made with a standard green comparator after obtaining the
Liebermanmn-Burchard resction in the unknown.

In estimating the blood cholesterol by the modified
Leiboff method, twenty minutes were allowed for the develop-
ment of the reaction. Uniformity in respect of time is

essential. After the =ddition of the reagents, the standard

and the unknown solutions were placed in a dark room to pre-
vent fading. This may be regarded as unnecessary by some,
who hold that bright sunshine only is to be avoided. Since
so much depends upon uniformity however and since light
varies in intensity even in the shade, this procedure was
found desirable.

A standard solution of cholesterol was used throughout
for comparison with the unknovm. A solution of naphthol

green has been recommended for this purpose but such a sol-
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ution has a yellow-green bint as compared with the blue-
green of the Liebermann-Burchard reaction. Furthermore,
when a standard solution of cholesterol is used inequalities,
for example in the time allowed for the reaction to develop,
are rendered trivial, since they are bilateral.

Another point to which attention must be drawn is the
slight yellow tinge which appears in the unknown solution.
It was found to vary in different blood specimens. Auten-
reith and Fuéi) believed it to be due to overheating during
extraction, and made the recommendation that the water bath
should be maintained at a temperature just émfficient to
cause vaporisation of the chloroform. Although Duttgi) sug-~
gests boiling in the water bath, it was found a better proce-
dure to maintain the water at a temperature just sufficient
to vaporise the chloroform, by means of a special burner.

The writer belisves that the yellowish tinge in the
unknown solution may be controlled by care during the drying
of the blood. When this was done in an automatically regu-
lated Hearson drying oven with the temperature set at 45°
"complete drying was effected in twenty minutes without undue
"cooking" of the blood. In this way the yellow tinge was
slight and was found to vary little, if ot all, in successive

specimens. The precautions which must be taken may be
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summed up in ‘the following: accuracy in the measurement
of the reégents, uniformity in the time intervals allowed
for drying, extraction and the development of the reaction,
and uwniformity in the rate at which these are achieved,
Mﬂltipletestimations ere therefore impracticable., It is

not advisable to carry out more than two estimations with

the one standard.

5, The Colorimeter. A Dubosqg pattern colorimeter was
used for the estimation of blood

sugar and blood cholesterol. It consists of an eyepiece,
two glass plungers of hexagonal section and two glass cups.
Bach cup is carried on a moveable stage and, by means of g
rack screw, is capable of adjustment in a vertical direction.
The position of the cups relative to the plungers, which are
fixed, may thus be altered through a range of movement which
is marked on verticasl scales situated on the sides of the
instrument. When the stages are raised the plungers dip
into the cups, the scale being graduated to denote the ex-
tent to which they do so. When fully raised the distal
end of each plunger comes in convact with the bottom of its
respective cup, the reading of the corresponding scales be-

ing zero. If£ this is not so a correction must be made for

the zero recorded.
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The standard and the unknown solutions are placed to
constant level in the cups. The latter are then raised,
one being usually set to read at a certain mark on the
scale. The other is adjusted by rack and pinion screw,
the end point of the adjustment being that at which the
colours match. Light is reflected from a substage reflec-
tor and, passing through the cups and plungers in a vertical
direction, conveys to the eye a circular field of colour
divided vertically into halves. The colour in each half
of the field is contributed to by the homo-lateral solution
so that, when accurate matching of the colours has been
secured, the division of the field ié dispersed, the whole
presenting a uniform appearance. The colour effect is
transmitted to the eyepiece by means of reflecting prisms.

In colour matching a fixed gaze must be avoided as
this tends to tire the vision and make the appreciation of
slight differences in shade difficult. Short sharp glances
are better and s high degree of skill has been attained when
gseveral observations on the one specimen give identical

readings. Three readings were usually taken. They were

invariably found to be similar,
Daylight was used as the source of illumination when

practicable, The nirror side of the reflector was found

most suitable with daylight. When artificial light was
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used the opaque side of the reflector was better. The

source of illuminstion used under these circumstances was
(9

an enclosed electric light with an opgque violet-tinted

window similar to the type used in microscopy.

For the estimation of cholesterol,cups with fused
glass bottoms are essential as the acid-chloroform mixture
destroys the cement used in the ordinary type of cup. Care
must be taken to ensure that the mixture is not allowed to

come in countact with the sockets of the plungers for the

Sgme Ieasoll.

6, Examination of Urine for (a) Albumen: Serunm
abnormal chemical Constituents.

albumen may be found
in the urine and constitutes the condition known as "albumen-
uria. Before applying tests for albumen it is essential
that the urine should be absolutely clear. This may be
doné by filtration, dbut if persistent turbidity, which is
usually due to the presence of bacteria, remains, it may be
necessary to centrifugalise the specimen, The test employed
for the detection of albumen was the heat test, the metﬁod
of applying it being as follows.

A thoroughly clean test tube is used. The urine is

poured into it until about two-thirds full. The top inch

of the column is heated to bolling in a bunsen flame, and
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without shaking. The boiled portion of the column is
compared with the unheated portion below, preferably against
a dark background. If a turbidity appears in the former,
it may be due to albumen or to the presence of earthy phos-
phetes. A few drops of 33% acetic acid are then gdded. If
the turbidity is due to earthy phosphates the specimen clears,
If due to albumen the turbidity remains.

(b) Sugar: It would appear that glucose, dextrose or
grape sugar may occur in the urine of normal persons, but
in traces incapable of detection by the reagents generally
used. If glucose is detected by these methods it may be
held, generally, to be pathological, "glycosuria' being the
name given to the condition. Glycosuria is a symptom of
disbetes mellitus, but it may occur in other conditions, This
has been referred to on page 4 . The tests employed for
the detection of glucose were (1) Fehling's and (2) Benedict's.
These tests depend upon the fact that glucose can become
oxidised at the expense of certain metallic oxides, the
oxidation occurring most readily at a temperature near boil-
ing point, end in the presence of caustic alkali., Copper
is the metal used in the tésts. If a few drops of a dilute
solution of sulphate of copper are added to a solution of

caustic soda a blue precipitate forms. This precipitate

ig hydrated cupric oxide - Cu.0.Hg0. If the blue precipitate
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is boiled it becomes black, due to the separation of cupric
oxide Cu0. In the presence of tartrate, however, the i
cupric hydrate, formed by the addition of the sulphate, "%
goes into solution instead of being precipitated. A deep
blue fluid is formed, which retains i?fé colour on boiling.
If an oxidisablé substance such as glucose is present, how-
ever, the blue éupric hydrate is reduced, on boiling, to
cuprous hydrate Cup.,0.H50, which is thrown down from the
solution as a yellow precipitate. If creatinin is absent | !
red cuprous oxide is precipitated instead. If a solution
of glucose is made alkaline with caustic soda, and a few
drops of cupric sulphate solution are added, the cupric
hydrate is dissolved and a blue colour results, On raising
this to the boiling poinf the glucose reduces the cupric
hydrate and yellow cuprous hydrate or red cuprous oxide is
precipitated.

(1) FAHTING'S TEST: The solutions’ must be fresh. If not
a deposit of cuprous oxide will follow on boiling. Thisg
vossibility may be prevented by boiling a mixture of equal
volumes of water and Fehling's solution for two minutes. If
the solution remains clear it may be regarded as sufficiently
fresh for use.

The urine nust be free from slbumen, If present it

may be removed by heating and filtration. The result ob-
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tained depeﬁds upon fhe amount of reducing substance present.
To 1" of Fehling's solution in a teqt-tube e few drops of
albumén-free urine are added. The mixture is then boiled.
If any considerable quantity of glucose is present a yellow
or red precipitate will appear. Should no precipitate form
it may be that the quahtity of urine used was too small,
Equal quantities of Fehling's solution and urine are then
mixed - about 1" of each. The mixture is boiled for two
minutes. If a red or yellow precipitate forms at once a
moderate quantity of sugar 1is present, but if not, and, after
standing, the precipitate is slight, only traces of sugar

are present,

Substances other than glucose may also act as reducing
agents. These constitute the fallacies of Fehling's test, /;;/%
and render it unsuitable for cliniecal work. Among normal 7

constituents of the urine, fellacious results may result from

the presence of uric acid, hippurié acid and creatinin. ZIac-
tose,glycuronic and glycosuric acids are the chief abnormal

constituents. The products of certain drugs may also affect
the result such as chloroform, chloral, salicylates, benzoic
acid, carbolic acid and glycerin. Homogentiq&%ﬁc acid, |
which is present in the urine in alksptonuris, reduces Feh-
ling's solution, as also does formalin. If the patient is

not receiving drugs and the urine hes a high specifie gravity,
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dilution to a specific gravity of about 1015 followed by
a reduction of Fehling's solution, immediately or on stand-
ing for 2 minutes, indicates the presence of glucose,

(2) BENEDICT'S TEST: Benedict's test overcomes most of
the errors of Fehling's reaction, and is, therefore, much
more accurate. It is equally simple to apply, and was used

by the writer in addition‘to Fehling's for the detection of

urinsry glucose,
¥*
b c.ce 0f the reagent are placed in a clean test tube

and 8 drops of urine are gdded. It is essential that these
amounts be exactly measured. The contents of the tube are
boiled over the flame for two minutes and are then alléwed
to cool. The technique described is rigid and does not
allow of insccurscy, since the quantities of urine and re-
agent used, and the time during which the mixture of these
is heated, have given the test a high degree of specificity.
If glucose is present, the reagent will change colour from
clear blue to an opalescent green. If a large quantity of
sugar is present ?g§ final colour will be an opaque red.

Beaumont and Dodds give a scheme of the intermediate reactions,

on a quantitative basis, as follows:-
O.l% sugar - greenish opalescence; mno red colour;
no precipitate.

0.266 M - as above, but slight yellowish preci-
pitate; fluid blue on standing.
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0.3% sugar = green colour with slight orange pre-
: cipitate; Ifluid blue on standing.

0.5 " - definite orange precipitate; fluid
still blue on standing.
1.0 " -~ heavy orange-brown precipitate; still
: some blue colour in the fluid on stand-
iné’,'. :
2.0 M - bright red, heavy precipitate; blue

colour of the fluid almost disappeared.
Benedict's reagent keeps better than Fehling's and is not
affected by creatinin, uric scid, chloroform and simple
aldehydes. It is reduced by glucose, laevulose, lactose,
pentose and homogentisiﬁic acid. A positive result for
practical purposes, therefore, implies the existence of

glycosuria.

*
REAGENTS: The composition and the method of preparing the
reagents is that given by Hutchison and Hunter.(9)

Fehling's solution:

A, Take 34.64 grm. pure sulphate of copper which
has been powdered and pressed between bibulous
paper; dissolve in 200 c.c, warm distilled water.
Cood and make up to 500 c.c,

B. Dissolve 180 grm, crystallised Rochelle salt in
200 c.c. hot water; ILilter and add 70 grm.pure
caustic sode or 100 grm. votash. Cool and make
up to 500 c.c.

Bqual volumces of A and B are mixed for use as required.
The result is an alkaline solubtion of potassic cupric tartrate

of which 1 c.c. is exactly reduced by 5 mgms. of pure glucose.
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Benedict's Solution: -

173 grm., crystalline sodium citrate and 100 grm. an-
hydrous sodium carbonste (or 200 grm. crystallised) are
dissolved in 700 c.c. water. 17.% grm. f£ine crystal-
lised copper sulphate are dissolved in 100 c.c. water.
The copper sulphate solution is poured into the former
solution and the volume is made up to 1000 c.c,

(c) Acetone Bodies: Hydroxybutyric acid, aceto-acetic
acid and acetone may sll occur in the urine in the condition
‘of ketosis. They show the following relationship:-

Hydroxybutyric acid - CHZ.CH(OH)Cﬂg.COOH
Aceto~acetic acid - CH@.CO : CH?COOH

Acetone - CHy.CO.CHgy
Hydroxybutyric acid is formed fi;gt. It then becomes !
oxidised into aceto-acetic acid, which in turn yields ace- %;

tone and COp in accordance with the following formulae:-
CHz.CH(OH)CH, COOH + 0 = CHg.CO.CHgCOOH -+ Hg0
CHz .CO.CH5COOH = CHz.CO.CHz + COg

It is asserted that acetone is only formed after the urine

ig passed.

(1) Rothera's Test for Acetone and Aceto-Acetic Acid: This

reaction is by far the most satisfactory test for ketosis,
It is performed as follows: An excess of ammonium sulphate
crystals is added to about 20 c.c. of urine in a test tube.
The urine is saturated with the ammonium salt by shaking the

test tube. 2 c.c. Oof stroné ammonia are added and s few
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drops of a dilute (5%) selution of freshly prepared sodium
nitroprusside. The mixture is shaken and allowed to stand.
The presence of acetone bodies will produce a colour rang-

ing from mauve to deep purple. If Rothera's test is nega-

tive, acetone bodies are absent,.

(2) Gerhardt's Test for Acebto-acetic Acid: If Rothera's

test is positive the presence of aceto-acetic acid may be
tested for by Gerhardt's ferric chloride test, which is
applied in the following way.

To half a test tube of urine 10% ferric chloride sol-
ution is added until the precipitate of ferric phosphate has
reached its full inténsity and has wholly or partly redis-
solved. The specimen is then filtered. To the filtrate
is added a few drops of ferric chloride solution. The pre-
sence of aceto-acetic acid is shown by a clsret red color-
ation. A similar colour is produced by salicylic acid
which may be present in the urine of patients who have taken
aspirin, salol or other salicylates, This colour is not
destroyed by boiling whereas that produced by aceto-acetic
acid is. If the urine reacts to Rothera's test but not to
ferric chloride, it may be inferred that only small quan-
tities of acetone bodies are present, since Gerhardt's test
is only positive if aceto-acefic acid is present in consid-

erable amount.,
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THE INVESTIGATION OF GLUCOSE TOLERANCE] BIOOD SUGAR AND

BIOOD CHOLESTEROL IN HEALTHY CONTROLS.

Before one is able to assess any divergence from the
normal glucose tolersnce, fasting hlood sugar and blood
cholesterol in diphtheris, it is obviously necessary to
delineate, for each, a range of normelity above and below
which a pathological state mey be said to exist.

Authorities are in fairly genercl sgreement regard-
ing festing blood suger concentration and the blood sugar
curve in health. With regerd to the blood cholesterol,

however, there is s lack of wniformity in what may be con-

pt

sidered normal, This is dve, in great pert, to the di-
versity of methods by which blood cholesterol may be esti-
mated., The reader is referred to page 90. for a resune
of the results obtained by various workers using different
methods of estimation,

A definite Tfigure, such as 160 milligrams, per cent.,
is used by nmost observers as representing the cholesterol
content of the blood in health, Any Tigure above or below
this value they regerd as constitubting =n ebnormelity. The
normal cholesterol content of the hHlood, however, varies

within wide linits in different individuals, but for a
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given individual it is remerkably constant, and tends to
remain so for long periodé%) In order, therefore,
definitely to establish the existence of a hypercholes-
terolaemia or of a hypocholesterolsemia, one must £ind
that the blood cholesterol is raised zbove the normsl
naximum 1imit on the one hand, or that it is less than

the normal 1limit on the other. Similarly, if the blood
cholesterol for an individual in health is known, this
value should be definitely exceeded or unot zsttained, before
an abnormality can be said to exist.

It apvears to the writver thet a fairer comparison of
thelr varistions in disease will be possible if each worker
will define their limits in heelth for himself. The results
mey then bé gaid to be truly comparable, for he will reduce
to a minimum the veriability of such factors as the method
of determination and the subtle personzal ones of technigue
end individual errorl

Selection of Healthy Difficulty wes experienced in

Controls.
obteining heelthy controls for

the purpose of assessing nornal standards.
The ten cases selected were referred to hospital, their

ustification for being there hsving en illusory basis, as

ot



judged by immediate disgmosis =nd subseguent iselstiom.
Their service as controls ws=s mnot invoked until the
lepoe of a period sufficiently long to confirm the
opinion of "no apprecisble disezseT. In this way alone
was 1t possible to obtzin counirols whoss =ge, sex, diet-

ary and environment eprroximetel closely o those suffer-
ing from diphtheria. These cases wWere iuvestiganted
with a view to determining what might be regsrdied ss
stondards of normelity with referexzce to the following:-

I. Glucose Tolerance and Fasting Zlood Sugsr,
II. Blood Cholesterol.

e Glucose Tolerance and Fasting 3lood Sugar.

Tor several doys prior to the cerrying out of the
#iueese tolerance tests the controls had been receiving
tlig voutine hosplial dietary. Anteceient dietory faelors
whieh affeet the tolorance for glucose, were thus re-
1ieed fo s minimum, A1)l were confined to bed =% the
hime of perfermance of the tesis.

The ameunt of glucose given veried with the sge of

the stibjeet, the svorage belng in accordance with the
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5 years 15 grams. glucose.
lO 1 50 n . i
15 " 50 n "

A meximum concentration of blood sugar was reached,
in the cases of nine of the controls, after 30 minutes.
In only one was the maximum concentration delayed until
60 minutes, (2). |

In eight of the tests the blood sugar had returned
to a voint slightly below the fasting level in 90 min-
utes. Inbone case (5) this fall occurred after 60 .
minutes, and in one it was delayed until 120 minutes (2).
The greatest delsy in resching the maximum concentration
and in falling to the sub-~fasting level occurred, there-
fore, in the same control,

Figure III shows e composite curve representing
the average results obteined from glucose tolerance tests
carried out on 10 healthy subjects.

The curve displays the fqllowing general features.
From a Tasting level of 93.6 mgms. per cent., the blood
rises steeply to a maximum concentration of 168.8

sugar

ngms., ner cent, in hslf an hour. The Dblood sugar there-
after begins to fall end st the eund of 60 minutes hes

resched the level of 128.8 mgms. per cent. The decline
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in the curve in the next half hour is even more marked,
so that, at the end of 90 minutes, it has fallen to a
point somewhat less than the fasting level. A slight
secondary rise is then seen to occur, before the blood
sugar concentration settled to its Ffasting level,

McLeaéZ)states that the highest figure may not be
attained until as much as one hour after taking the
sugar. This occurred in the case of omne of this series.
>Speaking generally, the maximumﬁ.blood sugar reading .
should be attained within an houf.

Variations, no doubt, depend upon inegualities of
the digestive functions such as the rate at which the
sugaf enters the smell intestine and the volume of the
intestinal contents, The maximum concentration attained
veries a good deal. The highest in this serieé was
182 mgms, per cent end the lowest 162 mgms. per cent.

The average of the 10 subjects investigated was 168.8 mgms
per cent,

The blood sugar concentration is chenging from
ninute to minute. It is a metter of chance, therefore,
whether or not the blood sugar will have attained its

highest concentration st the moment of teking s sample



of blood. The maximum point mey have occurred minutes
before, or may not occur till minutes after, the moment

of withdrawing the blood, .

Imnedigtely after the maximum has been reached the
blood sugar begins to fall, The decline is not quite
so steep as the initial rise, but in o healthy young
subject the blood sugar is little, if at =11, above the
faesting level at the end'of 90 minutes. Frequently
(it occurred in 11 except one of the heslthy controls
investigated) the blood sugar mey fall below the fest-
ing level after the elapse of this time. The dip be-
low the fasting level varied, in this series, from 2 - 11
milligrams per cente.

The shortest time for the blood suger to dip to the
fasting level, or below it, was 60 minutes, the longest
time, 120 minutes,end the average time 90 minutes from
the ingestion of the sugar. A1l urine specimens were

sugar-free, The regsults obtained are shown in Table II.

A mormal blood sugar curve may be
Hormel Blood )
Suvgar Curve, defined, therefore, as one which re-
presents, graphically, the constantly changing concentra-

tion of blood suger resulting from the ingestion of 15-50



Con- Anmount Fagt- Minutes after the ad-
trol of ing ministration of Glucose
Lgef Glucose Blood Sugar
in Sugar in
grammés 30 60 90 120| 150 ! Urine
1 5 15 86 180 162 80 95 88 Nil
2 7 15 94 156 164 98 92 102 Ni1l
3 115 50 105 174 115 98 | 110 104 Nii
4 6 15 86 160 140 80 88 93 Ni1
5 110 30 96 182 20 110 } 104 98 Nil
6 8 20 88 180 150 85} 100 86 Ni1i
7 110 30 104 164 145 102 1 113 96 Nil
8 {14 40 92 162 138 85 § 100 94 Ni1
9 9 30 85 168 152 82 { 104 88 Nil
10 |12 20 99 162 132 88 94 90 Nil
Average = 93,6 (1L68,81138.8 [90.8}1100,0f 93,9§ Nil
TABLE 11

The results obtained from Glucose
Tolerance Tests carried out upon
ten healthy controls.
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grammnes of glucose, this record being such that, at the
time intervals of 60 and 90 minutes after partaking of
the sugar, the blood sugar concentration, respectively,
has attained its maximum and has returned to its fasting
level, and provided, always, that this fluctuation in the
blood sugar concentration is unassociated with glycosuria.
With regard to the fasting blood sugar, the values
obtained in the ten controls investigated were aé follows)
The maximum gnd ninimum estimstions were respectively
105 mgms, and 86 mgms, per cent, The average fasting

blood sugar was therefore 93,6 mgms, per cent,

II. Blood Cholesterol.

Estimestions of the total blood cholesterol were
carried out on each of the tew healthy controls. As in
the case of %he festing blood sugar estimations, the blood
was withdrawn from the gubjects in the fasting state. In
the main part of the work this arrangement was adhered to,
as, in a2ddition to its greater convenience, it has the
edventage of eliminating any immediaste effect thet the
ingestion of food may have upon the cholesterol of the
blood.

Duplicate estimetions were made in each specimen of
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blood. Table III was complled from the results obtain-
ed, an analysis of which may be summarised as follows:

1. For the series, the highest and lowest esti-
metions recorded are 235 and 150 milligrams
of cholesterol per 100 c.cms, blood.

2. The highest and lowest means recorded gre 231
and 150 milligrams per 100 c.cms,

3. The gverage range for the whole serieg is from
185,9 -~ 189.6 mgms., per 100 c¢,cms,, the mean
being 187.75.

4, The meximum difference between any two esti-
mations of the one sypecimen of blood is 8 mil-
ligrams per 100 c.cms. blood and the average
difference is 3.7.

The mean range recorded, 150 - 231 mgms. per 100 c.

. cms,, compares with those of other workers as follows:

(3)
Bloor using his own method of extraction gives & normal

range for whol? blood of 190 - 260 mgms. per 100 c.cms.
4)

Gorham snd lyers Ifound a range of 130 - 190 milligrams

ner 100 c.cns, with an average of 150 for 14 cases. Auten-

(5)
reith and Funk define the normal range as 140 - 160 mgnms,

per 100 c.cms, They estimate the unknown against a stan-
(6)

dard green comparator. Bacmeister and Havers give a range,

for yhole blood, of 110 ~ 180 mgms, per 100 c.cms, Chaouf-
(7)
Tard and his oollabor?t?rs, Tor whole blood, estimate
8
150 - 180, while @rigaud, estimeting the blood cholesterol

in four normels, gives Tfor whole blood 2 range of 150-165mgms
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All of the sbove used the-Liebermamn-Burchard colour

reasction. (
: x 9
In comparing the modified Le%boff method wused in
10
this W?rks With(th§ method of Bloor and of Myers and
11 12
Wardell, Dutton  records the estimations shown in
Table IV.
Table IV,
Cholesterol Content of Blood . Zgtimation.

]

2

> o0 0

in mgms.per cent by method of: 1
BlOOI’ » . . . . . . . . . . . 168 ‘160 :255
Leiboff, using modified tube. 164 152 -210
Myers and Wardell . . .« . . & 132 :128 182

e 0o

The readings obbained by the Leiboff method will be seen
to be higher than those obtalned by the method of Hyers
and ‘lardell. Leiboff Ffound this discrepancy too, and
accounted for it on the ground that loss may occur in the
transference to the extrsction sppsratus of the plaster-
of-Paris and in the unequal percolation of the latter by
the chloroform.

| Oving to the comparatively recent date at which the

micro-estimation of blood cholesterol by the modified
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Leiboff ﬁethod was introduced, no further figures for
comparison are yet available in the literature.

For the purposes of the preséﬁi work the mean range
of blood cholesterol as determined in the controls will
be regarded as normal, Viz: \

(Maximum, 231 mgms.cholesterol per 100 c.cms,
25 (Mininum, 150 n 1 ™ 100 n
cases (liean, 183,76 ™ " " 100 n

The range’ of normz=lity, somewhat greater than that
of some workers mentioned, is sufficiently comprehensive
to embrace border line variations. Anything regarded by
these standards as abnormal may, the more reasonably be
acknowledged to be definite.

The minimum of the range will be found to be in
fairly general agreenent with the results of different
workers using different methods of estimation. The maxi-
mun limit of normslity, however, is somewhat higher than
most, and the range of normality would, therefore, appear
to be greater than what has come to be regarded as normal.
Thesé facts have Deen moted by other workers. FleminélZ)
gained the impression from a similsr investigstion that

"the upper normal limit is frecuently higher than the

commonly accepted value of 200 milligrams per 100 c.cms."
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records that from results obtained by him,

he is of the opinion that the normal range of value is

greater than is usually realised.

TABLE III

Milligrams Cholesterol

Tio.of per c.cms, Blood. :
N | Age Sex | Estimations I =+ II ‘:Difference *Mean
1| 5| M 2 178 s 174 ¢ 4 11760
2| 7| u 2 160 165 : 6 $166.0
3| 15| u 2 215 § 208 1 5 1210.5
4 6| U 2 220 . 220 § 0 gzzo.o
5] 10| u 2 285 227 + 8 +251.0
6| 8| u 2 189 +185 + 4 1187.0
7] 10| u 2 176 t 174 2 $175.0
g 14| u 2 160 § 156 § 4 $158.0
9| 9| 2 150 + 150 + O 2150.0
0] 12| 1 2 206 202 t 4 £ 204.0
189.6 +186.9+ 5.7 118775
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GCHAPTER VI.

Clinical Cases of Diphtheria.
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CLASSIFICATION of CASHES.

The cases which form the basis of the investigation
were classified according to the severity of the intoxi-
cation. In viewing a case in prospect classification,
necessarily, must be anatomicsl. Heedless to say, no
such clasgification, which is based on the extent of the
local lesion, can be entirely satisfactory, since it feils
to take asccount of the subtle and elusive factor of tox-
aeniag. The extent of the intoxication is not always
direétly proportional to the severity of the local disease.
The formér must always be a matter for the clinicisn's
perception, which in turn is based upon his experience.

(1)
The following summerises the classification of Bie

which is based mainly upon the anstomicel extent of the

local lesion,

IILD CASES: The membrane does not folly cover the

tonsils. Oral foetor and peri-adenitis, if present, are

slight.
II0ODERATELY SEVERE CASES: Both tonsils and palatine
arches are covered with membrane, which usually extends to

the uvvula. Foetor and peri-adenitis are invariably present.
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SEVERE CASES: The membrane covers the tonsils, the
paletine arches and the uvula, Frequently it extends also
to the hard palate, the buccal mucous membrane or the pos-
terior pharyngeal wall. Foetor oris is intense and glan-
dular enlargement is of the "plum" or "hen's egg" degreec,
hen bilateral, the distortion of the features occasioned

warrants the description of "bull neck” or "cousular collar'.

In viewing s case in ®etrospect, however, the clinical
-course of the disease allows of a more accurzte interpre-
tation of the severity of the toxaemisa. For purposes of
treatment this method haé no application, but for reviewing
the results obtained in an investigetion such as this, it
hags its merits,

o hard and fast criteria were adopted., Classification
of the cases in the three grades of severity was made after
weighing together the first impression of the case and the
subsequent course followed. With regsrd to toxaemis,

clinical experience alone dictatel the type of case which

be regarded as mild, moderately severe, or severe.

should
“Then however, the local lesion suggested, for example, a
mild cese, but clinical perception demanded a more grave

view, the finsl decision wes based.upon the latter.
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CASE 1. ~-

Douglas RusSsell .ieeeveesescsess Age 10 years.
Admitted eeeeereosocccscsesceaes 26:12:32.

Day of 111nessS ..ceesesveesesss Third,
Dismissed ® 6 8 & 0 00 & 0 0 0 0 0t 00 00O 0 2:2:55.
Classification .¢evevesesesse. Moderate.

Throat SWaD secesscessenssasese Pogsitive.
Antitoxin ..o ceesenss 12,000 units.

“Journal referentce ...s.e.ceeee0.0 Hord 1 Bast.

om . . - o S o S ome g e W S

1. History.

Both tonsils were patched with thick yellowish-white mem-
brane and orel foebtor was pronounced. The right tonsillar
gland was slightly enlarged and painful. The pulse was
rapid and full and the temperature was 99.8°F. The first
cardiac sound was soft and muffled, the second sound being
split. The urine contained acetone and diacetic acid.
12,000 units of antitoxin were injected intramuscularly. The
urine was clear on the 6th day and the throat was normal on
the 7th day, by which time also the heart sounds were of
regular rhythm and normal intensity. Recovery was unevent-
ful and the patient was dismissed well on the 38th day.

2. Glucose Tolerance and Blood Cholesterol.

Bstinations of glucose tolerance and blood cholesterol were
made (1) during the acute stage of the illness and (2) on re-

covery.

Glucose Tolerance.

(1) 4th day of illness: 30 grams glucose,

106 135 157 139 120 103 (Chart 1)
Glycosuria absent during test. '

(2) 31st day of illmess: 30 grams glucose.

105 118 150 97 100 100 (Chart 2)
Glycosuria absent during test.
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Blood Cholesterol.

(1) 4th day of illness: 121 mgms, per 100 c.cms, of blood.

(2) 3lst day of illness: 153 " ™ 100 " n "

3., Note.

During the stage of toxaemia a slight delay in storage
was observed in the blood sugar curve, the concentration of
blood suger being still above the fasting level at the end
of two and a half hours. The blood cholesterol was abnor-
mally low. Recovery was associated with g normal tolerance
for glucose and an appreciation in the cholesterol content.
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CASE 2. -

Daniel Barclay sevececessssss.. Age 8 years.
Admitted 0 5 0 0 4 0 0 0 2 0 O S 00 s s 00 e e e 19:1:55.

Day of 11Iness seeveeieeesseesss Fourth,
Dismissed .'..‘IO'.’DO0.0‘..’.O 25:2:55'
Clgssification ¢vveeeeveevees.. Moderate.
Throat swab cveeeseeceeesoessss Positive,
Antitoxin ....cvvieniiinenasanss 12,000 units,
Journal Reference .vveececese.. Ward 1 BEast.

L. History.

The tonsils were enlarged and each was extensively patched
with greyish-white membranous exudate. There was congestion
of the soft palate and peritonsillar tissues, snd foetor oris
was inteunse. Both tonsillar glands were slightly enlarged.

On admission the temperature was 100.2°F. and the pulse
rate 110. The pulse was regular, of good volume, and moder-
ate tension. The heart sounds were pure but somewhat soft
and muffled. Albumen, acetone znd diacetic geid were present

in the urine.

The temperature and pulse rate were normal on the 6th day
of illness, by which time the urine was clear of albumen and
contained only traces of acetone and diacetic acid. The

throat was clear in the 7th day. Frogress thereafter was
uneventful and the patient was dismissed well on the 37th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated (1)
during the stage of toxaemia, and (2) after recovery.

Glucose Tolerance.

(1) b5th day of illness: 30 grams. glucose.

107 198 163 140 140 126 (Chart 3)
Glycosuria developed during test.

L
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(2) 30th day of illness: 30 grams; glucose,

96 163 120 104 98 100 (Chart 4)
Glycosuria absent during test.

Blood Cholesterol.

(1) 5th day of illness: 179 mgms, per 100 c.ems. blood.

(2)'50th day of illness: 1561 " "o 100 " "

!

5. Note.

The initial blood sugar curve shows a decrease of tolerance
for glucose with delayed storage and a concentration beyond
the renal bthreshold at the 30 minute intervel, with resultant
glycosuria,. Acetone and diacetic acid were present in the
urine. The value for blood cholesterol was within normal
limits. The second blood sugar curve shows no abnormality
and the blood cholesterol had undergone slight depreciation

in value.
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CASE 3.

David Torrance s....+0 Age 7 years.
Admitted eeececcescece 22:10:32,
Day of Illness .esee.. Fifth,
Dismissed eesececvecee 25:11:32,
Classification ....... Severe.
ThI‘Oat Swab X POSitiveo
Antitoxin eecesecceses 35,000 units,.
Journal Reference .... Ward 1 East.

l. History.

The patient was in the fifth day of illness on admis-
sion, Both tonsils were covered with tough greyish-
white membrane which extended across the palatal arches
towards the uvula and the naso-pharynx. A profuse sero-
purulent rhinorrhoea was present and foetor oris was great.
The tonsillar glands were considerably enlarged and ten-
der. The complexion was livid. A soft blowing systolic
nurnur was audible at the apex and the second sound at the
base was split. Vomiting had occurred on three ocasions
before admission and acetone and diacetic acid were pre-~
sent in the urine. The temperature was 98CF,. 15,000
units of antitoxin were injected intravenously and 20,000

units intramuscularly.

Cardiac arrhythmia developed on the 8th day of illness,
occasional premature beats with compensatory pause being
perceptible at the wrist. Vomiting had been persistent
since gdmission and on the 9th day was associated with
epigastralgia. Acetone and diacetic acid were still
present in the urine and a ftransient and slight reduction

of Fehling's solution was also noted.

Improvement in the general condition of the patient was
noticeable on the 12th day of illness, and by the 1l4th
day the urine was clear. On the 18th day the pulse was
regular in rate, rhythm and volume and the heart sounds

were apparently normal. Progress thereafter was satis-
factory and the patient was dismissed well on the 35th

day of illness.
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2. Glucoese Tolerance and Blood Cholesterol.

The glucose tolerance and blood cholesterol were esti-
mated (1) during the acute stage of the illness, (2) dur-
ing the stage of cardiac srrhythmia and (3) after elinical

recovery. :
Glucose Tolerance,

(1) 6th day of illness: 30 grams, glucose.

78 185 168 126 132 125 (Chart 5)
Glycosuria present during the test.

(2) 9th day of illness: 30 grams, glucose,
86 165 152 128 926 102 (Chart 6 )
Glycosuria absent during the test, :

(3) 30th day of illness.

88 170 143 80 92 86 (Chart 7 )
Glycosuria absent during the test.

Blood Cholesterol.

6th day of illness, 226 mgms, per 100 c.cms. blood,

(1)

(2) 9th day of illness, 278 " n o100 M "
(3) 30th day of illness, 183 " " 100 M "
3. NO'teo

During the stage of toxaemla the blood sugar curve shows
an initial hypoglycaemia, a storage defect and a maximum
concentration above the renal threshold, Glycosuria re-
sulted. Ketone bodies were present in the urine and vomit-
ing was persistent. The blood cholesterol was high., The
carbohydrate storage defect persisted during the stage of

cardiac involvement, though in less marked degree, and
glycosuria was absent., The blood cholesterol had increased
Both glucose tolerance and blood

to an abnormal degree. .
cholesterol were normal on the 30th day of illmness, and

clinical recovery was established.
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CASE 4. -

James MCArthur ....... Age 63 years.
Admitted U3 23N O B BN B B B W N} 26:10;520
Day of Illness eeses.. Third,

Diea. @ O 5 0 06060 0606 00 0 3 8 0 5:11:52.
Classification ....... Severe,
Throat Swab «veeee.... Pogitive.
Antitoxin ..e0eeo.. . 40,000 units.

Journal Reference ,... Ward 2 East,

. ot o v o o -

1, History.

The case presented the features of an extensive local
lesion and a profound toxaemia, In the third day of ill-
ness on admission the tonsils, soft palate and uvula were
extensively covered with thick greyish-white membrane.
The throat was infiltrated and haemorrhagic discoloration
was present on the right side. There was considerasble
enlargement and exquisite tenderness of the cervical
glands. The pulse was rapid, regular and of small vol-
ume, snd the first sound at the apex was weak. The tem-
perature was elevated to 1019F, end albumen, acetone and
diacetic acid were present in the urine, 20,000 units
of antitoxin were injected intramuscularly and on the
following day a further injection of 20,000 units was
adninistered intravenously. On the 5th day of illness
8 severe epistaxis occurred. A glight arrhythmia was
observed in the heart's action and on the 6th day a total
and irregular irregularity was present. The first sound
at the apex was inaudible, and the complexion was tinged
with an ashen cyanosis. The temperature was subnormsl.
On the 7th day vomiting occurred, the patient complained of
abdominal pain and the liver was palpable 1 in. below the
costal margin. Vomiting persisted, irrespective of food
taken, and the urine contained abundant albumen, acetone
and diacetic acid. Fatal syncope occurred on the 1l0th

day of illness.

2. Glucose Tolerance and Blood Cholesterol.

Estimations of glucose tolerance and blood cholesterol
were made (1) on the 4th day of illness and the fasting
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blood sugar and blood cholesterol were further investi-
gated (2) when cardiac failure was present, and (3) dur-
ing the stage of severe ketosis which preceded death.

Glucose Toleranée and Fasting Blood Sugar.

(1) 4th day of illness: 30 grams. glucose.

110 223 186 165 148 132 (Chart 8)
Glycosuria developed during the test.

(2) 6th day of illness: 106 mgms, per 100 c.cms, blood.
(3) 9th day of illness: 76 " " 100 n "

Blood Cholesterol.

4th day of illness: 144 mgms, per 100 c.ems, blood.
6th day of illmess: 276 " " 100 " n
9th dsy of illness: 285 " m o100 ¢ "

o~~~
[SARAVE S
— s

5. Note.

The fasting blood sugar progressively fell from 110
mgms. per cent on the 4th day of illness to 76 mgms, per
cent on the 9th day. Inability to utilise glucose is
shown in the blood sugar curve by the high meximum con-
centration, the delay in storage and the high concentra-
tion at the end of two and & half hours. Glycosuria
developed during the test. The fall in the values for
the fasting blood sugar were associated with cardiac ar-
rhythmia, hepatic congestion, vomiting and ketosis. The
blood cholesterol at the same times showed at first s
slight fall below, and later a marked rise above, the

normal range.

D . o S -~ SO G Ga X G S G O
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CASE 5.

N.McKinnon seeeceee... Age 18 years.
Admj-tted seeesros o0 4:11:520

Day of Illness ....... Sixth.
DismissS@d eeveccecensss 12:12:32.
Classification ....... Moderate.
Throat Swab +s.eeces0s. POsSitive,
Antitoxin seeeeceese.. 8,000 units.
Journsl Reference .... Ward 1 East,

- em e o om e o

1., History.

Both tonsils were patched with yellowish-white membrane
which extended on the left side to the palatal arch and
the anterior pillar. A small patch was also present on
the uvula. The temperature was 100.29F. and the pulse
rate 92. The pulse was regular in rate, rhythm and
volume, and the heart sounds were normal. 8,000 units
of antitoxin were injected intramuscularly. The urine
contained albumen but acetone and discetic acid were ab-

gent.

The throat cleared and progress was satisfactory until
the 17th day of illness when a generalised urticarial
rash developed. This serum phenomenon was associated
with a rise of temperature to 99°F, and with tachycardia.
The rash faded on the 18th day, and had finally disappear-
ed one day later. The temperature and pulse rate were
normal on the 22nd day. Traces of albumen persisted in

“the urine till the 26th day, the urine thereafter being
clear. Further progress was uneventful and the patient
was dismissed well in the 44th day of illness.,

2. Glucose Tolerance and Blood Cholesterol.

The glucose tolerance and the blood cholesterol were
estimated (1) during the stage of toxaemia, and (2) on

recovery.
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Glucose Tolerance.

(1) 7th day of illness: 50 grams. glucose.,

95 176 150 131 110 96 (Chart 9)
Glycosuria sbegent during the test.

(2) 40th day of illness: 50 grams., glucose.

98 172 134 100 94 96 (Chaxrt 10)
Glycosuria absent during the test.

Blood Cholesterol.

(1) 4th day of illness, 148 mgms. per 100 c.cms. blood.
(2) 40th day of illness, 192 " " o100 " -on

3, lote.

The initial glucose tolerance test shows only a slight
departure from normal in that the blood sugar concentra-
tion after an interval of two hours was still above the
fasting value. Glycosuria was absent through the test,
The final glucose tolerance test was normal. The blood
cholesterol was low during the toxic stage and the final

reading was normal.




CASE 6. -

D, Hughes ....cc000... Age 7 years.
Ad-mitted 8 0 0 00 000 v 0o 18:11:58-
Day of Illness ....... Second,
Dismissed ® & 00 0 ¢ 0 s 00 e 23:12:52.
Classification ....... Severe.
Throat Swab ceeeeees.o PoOsitive,
AntitoxXin seveceeeeses 20,000 units.
Journal Reference ,..,, Ward 2 East.

A - e S . S W Y W P e en s

1., History.

The tonsils were enlarged and covered with greyish-
black membrane which extended, on the left side, across
the palatal arch to the uvula. Foetor oris was intense,
and the tonsillar glands were considerably enlarged and

tender.,

The complexion was pale and livid. The temperature
was elevated to 101°F, and the pulse was rapid, regular
and of good volume, Albumen, acetone and diacetic acid
were present in the urine. 20,000 units of antitoxin
were injected intramuscularly.

On the 4th day of illness the temperature and pulse
were normal and the urine was clear of albumen. 4Acetone
and diacetic acid disappeared from the urine finally on
the 6th day and thereafter progress was satisfactory. The
patient was dismissed well on the 36th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
(1) during the stage of toxaemia, and (2) on recovery.

Glucose Tolerance.

(1) 4th day of illmness: 30 grams. glucose,

106 172 156 150 137 118 (Chart 11),
Glycosuria absent during the test,
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(2) 30th day of illness: 30 grams. glucose,

86 160 124 84 92 88 (Chart 12)
Glycosuria absent during the test.

Blodd Cholesterol.

(1) 4th day of illness: 136 mgms, per 100 c.cms. blood.
(2) 30th day of illness: 212 " 100 " "

3. Note.

During the stage of toxaemia the glucose tolerance test
reveals g definite storage defect and an initial hyper-
glycaemia. Acetone and diacetic acid were present in
the urine. The renal threshold was not exceeded. The
blood cholesterol is definitely decreased. Clinical re-
covery was associated with normal blood sugar and blood
cholesterol concentrations and the storage defect is ab-

sent from the blood sugar curve,
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CASE 7, ~

Norman Tu_lly sesesceee Age 30 years.
Admitted. Q.l..‘l.".." 26:11:32.
Doy of Illness ....... Fifth,
DismissSed ecececssceese £5:12:32,
Classification seeee..o Mild.,

Throat Swab eseeeeecess. Positive,
.A—n-'bitOXin o & 0 0 0800 0 000 0 4:’000 wits.
Journal Reference .... Ward 2 East.

1, History.

Admitted on the f£ifth day of illness. The throat was
very congested and a large pateh of membrane was present
on the right tonsil, There was no glandular enlargement
and foetor oris was slight, The temperature was elevated
to 100,69F, and the pulse rate was 116 on admission. fThe
pulse was regular and of good volume and no alteration of
the heart sounds was observed, the throat swab was pos-
itive and 4000 units of antitoxin were administered intrs-

muscularly.

The case progressed satisfactorily and the patient was
dismissed well.

2. Glucose Tolerance and Blood Cholesterol.

A glucose telerance test and estimation of blood chol-
esterol were: made (1) during the acute stage of the illmness

and (2) on recovery.
Glucose Tolerance.

(1) 7th day of illness: 50 grams. glucose.

118 132 174 108 128 114 (Chart 13),
Glycosuria absent during the test.

(2) 24th day of illness: 50 grams, glucose.

112 156 125 110 106 112 (Chart 14 ).
Glycosuria absent during the test,
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Blood Cholesterol.

(1) 7th day of illness: 196 mgms, per 100 c,.cms, blood.
(2) 24th day of illness: 184 " "o100 "

3. Notee.

The case was one of :mild faueial diphtheria in an
adult. No departure from normal was found in the toler-
ance for glucose nor in the cholesterol of the blood.

- AR D S D GO G GR R S GO SE S S W e = S =S
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CASE 8.

W. Glelldenning sev e Age‘e yeal's.

S Admitted. ® 000000000000 29:11:320 i
: Day of Illness ....... Fifth,

DiSMiSSGd ¢ 00 00000 oo 5:1:550

Classification ....... Mild.

Throat Swab ¢seoeeee.. Positive,

Antitoxin'.coblt.iObl. 8000 mts‘

Journal Reference eoeo Ward 1 East,

. - -

1. History.

Admitted on the fifth day of illness. A small pateh
of membrane was present on each tonsil and on the uvula.
Oral foetor was only slight and glandular enlargement was

absent, '

The temperature was 990F, and the pulse rate 92, The
colour was good, the pulse regular and of good volume and
the heart sounds pure. The urine was clear, The bac~
teriological report was positive and 8000 units of anti-
toxin were injected intramuscularly. ‘

- Progress was uneventful and the patient was dismissed
well on the 37th day. _ ‘

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance tests and blood cholesterol estima-
tions were made (1) during the acubte stage of illness, and

(2) on recovery. o
- Glucose Tolerance,

(1) 7th day of illness: 30 grams. glucose,

116 156 174 131 122 118 (Chart 15)
Glycosuria absent during the test, ,

(2) 30th day of illness: 30 grams, glucose,
86 162 130 90 105 88  (Chart 16)

-
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Blood Cholesterol.

.

(1) 7th day of illness, 108 mgms. per 100 c.cms, blood.
(2) Zoth day cf 1llness, 167 " mo108 "

3., Note., -

The initial blood sugar curve shows a mild interference
- with earbohydrate storage and a fasting hyperglycaemia.
The blood cholesterol at this time was low. TFasting
blood sugasr, glucose tolerance, and blood cholesterol were

normal on recovery.
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CASE 9. . - <

B.,Fullerton .,..c00c.. Age 6 years.
Admitted seeeceeceasss 30:11:32,

) Day Of IllneSS 4000000 Sixtho

o Dismisged ees e YRR * e 18 :2“:55 Y . . 14_:

T CJ&SSiin&tion e 00 000 Bﬂi@re\.. . A T e
Throat Swab seeeeeeses Positive.

-Antitoxin seseeecscess 16,000 units.
Journal Reference .... Ward 1 East,

1, History.

Admitted on the 6th day of illness. Both tonsils were
enlarged and covered with greyish-white membrane, The
tonsillar glands were moderately enlarged and tender gnd

foetor éris was presemnt. The colour was pale and the

- complexion had a slightly livid tint. The temperature
was 98.40F,, and the pulse rate 104. The cardiac rhythm
was regular, and the pulse was of normal tension and good
volune, Acetone and diacetic acid were present in the
urine. The bacteriological report was positiwve and
16,000 units of antitoxin were injected intramuscularly.

The throat was clear of membrane on the 12th day of

illness. Acetone and diacetic acid finally disappeared
- from the urine two days later. : Progress was satisfactory

until the 32nd day of illness when nassl speech and regur-
gitation of fluids became evident. On the 35th day of
illness palatal paralysis was complete.  Squint and
diplopia, affecting the right eye, developed on the 37th
day, indicative of paralysis of the 6th nerve. Coinciden-
tally with the occurrence of these paralyses the cardiac
rhythm became totally irregular, The first sound was =
markedly weak, and the second sound was split. Vomiting
occurred on the 40th day and was associated with engorge-
ment of the liver, the organ being palpable one inech below
the costal margin, Acetone and diascetic acid were present
in the urine. . Vomiting, ketonuria and cardiac arythema
persisted till the 44th day of illness. The patient's
condition thereafter was much improved and normal speech
was resumed on the 48th day. - The heart sounds were then

normal.
Three days later mo.evidence of sguint could be found
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and the subsequent progress was satisfactory. The
patient was dismissed well on the 80th day.

2. Glucose Tolerance and Blood Cholesterol.

- Glucose tolerance tests and estimations of blood chol-
esterol were made (1) during the acute stage of illness,
(2) during the stage of palatal and external ocular para-
lysis with cardiac involvement, and (3) on recovery.

Glucose Tolerance.

(1) 8th day of illness: 30 grams glucose.

116 215 174 146 120 128 (Chart 17)
Glycosu‘ria developed during the test. :

(2) 39%th day of illmess: 30 grams glucose.

93 186 157 131 108 96 (Chart 18)
Glycosuria developed during the test. h

(3) 60th day of illness. |
88 172 123 86 90 88  (Chart 19)

Blood Cholesterol.

| 8th day of illness , 144 mgms, per 100 c.cms, blood.

(1)

(2) 29th day of illness, 253 " " 100 nom
(3) 60th day of illness, 177 * " 100 " n
3. Note.

The case was one of severe faueial diphtheria in whom
palatal and ocular paralysis occurred late in the illness,
and was accompanied by cardiac involvement and ketosis.,

The first blood sugar curve reveels the existence of fast-
ing hyperglycaemia and delay in the storage of carbohydrate.
Acetone and diacetic acid were present in the urine and
sugar appeared, also, during the test. The blood choles-

terol was low, o
When paralysis was established the delay in storage was
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still evident and the renal threshold was again exceeded.
The blood cholesterol was found to be abnormelly high.

During ce;mfa.leseence the blood suga.r, glucose tolerance
and blood eheles‘berel were normal. e
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G:.G-ray .ooocooooooooo'okAge 7 years.
Amtted 000000 cronoe 5:12:52.

Day of Illness ...e.... Third,
Dismissed eceveecoosce 4:1:33.
C]&SSification TEEEEX) MOderate.
Throat Swab ececeeeess Positive.
Antitoxin ...¢0000000.. 12,000 units.
Journal Reference .... Ward 1 East,

l. History.

Admitted on 3rd day of illness. Faucial and palatal
oedema was present, The left tonsil was covered with
loosely adherent yellowish-white membrane and on the
right tonsil, also, there was a patch of smaller extent:
oral foetor was very noticeable, and the tonsillar glands

were moderately eglarged.

The complexion was tinged with cyanosis, The temper-
ature was 1020F. and the pulse rate 138, The pulse was
regular, slightly soft and full. There was weakening
- of the first sound at the apex. Acetone and diacetic
acid were present in the urine. 12,000 unite of anti-
toxin were injected intramuseularly.

By the 5th day of illness the temperature was 98.4°F,
and the cardia¢ sounds were of normal intemsity. The
urine still contained traces of acetone and diacetic acid
becoming finally clear two days later. The throat was
clear of membrane on the 8th day. The faucial and pal-
atal oedema gradually diminished and the throat was normal
on the 1lth day of illmness. The subsequent course of
the illness was favourable and the patient was dismissed

well on the 32nd day.

2. Glucose Tolerance and Blood Cholesterol.

Giucose tolerancé and blood cholesterol were estimated
(1) during the stage of toxaemia, (2) after the subsidence
of the acute symptoms, and (&) during convalescence,
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‘Glucose Tolerance.

(1) b5th day 9£'illness:-s50.grams..glucose.
106 184 157 138 - 115 . 110  (Chart 20)
Glycosuria developed during the:test,
(2) 8th day of illness. |

85 169 143 118 90 96 (Chart 21)
Glycosuria sbsent during the test.

(3) 26th day of illness. .
90 162 88 95 115 92 (Chart 22)

ABlooi Cholesterol.

5th day of illness, 139 mgms, per 100 c.cms. blood,

B
NSNS

1)

2) 8th day of illness, 165 " " o100 ¢ u
3) 26th day of illness, 172 " " 100 ™ n
3. Note,

A fasting hyperglycaemia, a definite delay in storage
and a maximum concentration gbove the renal threshold with
resultant glycosuria are evident during the toxic stage.
The blood cholesterol was low. The urine contained ace-
tone and diacetic acid. = The storage defect is still ob-
vious after the acute symptoms had passed., The urine
was now clear of acetone and diacetic acid, the fasting
blood sugar was hormal and the test was unassociated with
glycosuria. The blood cholesterol was 165 mgms., per cent,

he blood sugar curve, during convalescence, is normal
but atypical in the sense that the blood sugar concen-
" tration falls to a level’ below the fasting value at the
60 minute interval, this dip in the curve being followed
by a secondary rise and subsequent fall. The blood chol=-

esterol at this time was normal.
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CASE 11, - .- _
R.McIntosh ........... Age 10 years.
Admitted. ..-.'..-,or......‘,.9:12:52.
Dayof IllneSS o 00000 e Thil‘d.

Died eovecoveeccscsees 12:12:33,
Clasgsification ....... Severe.
Throat Swab ««.e...... Positive,
Antitoxin sevc0cecees. 80,000 units.
Journal Reference ,... Ward 1 East.

l. History. ’

The case was one of severe fauciasl diphtheria ending
fatally on the sixth day. On admission the patient was
in the throes of an overwhelming toxaemisa. The soft
palate, the uvula and the tonsils were considerably oedems-
tous so that the individual structures could not be dis-
tinguished in the resulting swelling. Thick adherent
greyish-black membrane covered the parts and extended for-
wards to the hard palate. A profuse sero-purulent dis-
charge exuded from the antérior nares and enlarged pain-
ful glands formed a "comsular” collar around the neck.

Foetor oris was intense.

The complexion was cyanosed and the expression apathe-
tic.  The -extremities were cold and livid. On admission
- the temperature was 100,20F. and the pulse rate 120. The -

pulse was regular in rate and rhythmy. The heart sounds -
- were foreceful indicating the laboured action of the heart.
" The first sound was soft and muffled, the second sound
‘loud and booming. .~ A systolic murmur was present, its
greatest intensity being along the left sternal border.
The liver was congested and palpable £" below the costal
margin. The urine contained acetone and diacetic acid.
20,000 units of antitoxin were injected intramuscularly

and 20,000 units intravenously.

’ Cardiac srrhythmis developed on the following day, groups
of premature beats being felt frequently at the wrist. P
The g eneral and local coldition of the patient had not
improved and a further intravenous injectlion of 20,000
units of antitoxin was given. On the 5th day of illness
an additional 20,000 units of antitoxin were administered
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intramuscularly. On the same day vomiting occurred at
frequent intervals, and the cardiac rhythm became totally
irregular. : The intensity of the symptoms remained un-
relieved and the patient died, -on the sixth day, of early
cardiac failure, -~ e '

2. Glucose Toleranceﬂand Blood Cholesterol.

- Glucose Tolerance and Blood -Cholesterol were estimated
on the 4th day of illness. Further estimations were
deemed inadvisable owing to the extreme condition of the

patient., - -
\  Glucose Tolerance.

4bh day of iliness: 30 grams, glucose,
76 175 122 146 115 108  (Chart 23)

fg*31G0§ Ch§lestero1;

4th day of illuess, 242 mgms. per 100 ¢,oms. of blood.

The case was one of severe faueial diphtheria, emnding
fatally, by early cardiac failure, on the sixth day. The
blood sugar curve shows a fasting hypoglycaemia, a maximum
concentration in excess of the renal threshold at the 60
minute interval, and a definite delay in storage. Glyco-
suria-developed during thetest. At the 2% hour interval
the blood sugar is still above fagting level. The blood

' cholesterel was abnormally high.
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CASE 12.._
D,Kennedy eeseceesee.s Age 11 years.
- Admitted @0 0080000000 6:1:350
) Bay Of Illness ®seso00 00 Four'bho
C Dismissed. o_opr.aoco’o-ooo 8:2:550
" Clagsification eecee.. Mild,
Throat Swab eeeevese.. Positive.
Antitoxin eeeevecesss. 8,000 units.
Journal Reference .... Ward 1 East.

l. History.

Both tonsils were enlarged and congested. A small
ratéh of membrane was present on the right tonsil. Foetor
oris was absent and there was no glandulsr enlargement,

- The temperature was 98.20F, and the pulse rate 96.

The pulse was regular in rate, rhythm and volume, The
heart sounds were pure and of normal intensity, and thée
colour was good. The urine was clear of acetone and di-
acetic acid. 8,000 units of antitoxin were administered
intramuscularly. The throat was clear of membrane on
the 8th day and the further progress of the patient was
uneventful. He was dismissed well on the 36th day.

2. Glucose Tolerance and Blood Cholesterol.

© The glucose tolerance and blbod cholesterol were esti-
mated (1) during the acute stage, and (2) during couvales-

cence. :
(1) 5th day of illmess: 30 grams, glucose.
93 152 176 108 88 95  (Chart 24)

(2) 30th day of illness: 30 grams, glucose.
9% 168 124 90 102 98  (Chart 25)
Blood Cholesterol,

1 5th day of illmess, 179 mgms, per 100 elems, blood.
gzg 30th dag of illness:‘187 " noj00 " n




The c ase: was one of:mild faueial diphtheria presenting
no features of specia.l interest during its course. The
‘blood sugar, glucose tolerance and blood cholesterol were
apparently norma.l cluring the acute stage a.nd on recovery.
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CASE 13.

Re Monteith seceesecee Age 8 years.
Admitted ® 0 080 0 000290009 7:1:55. N
. .Da.y Of IllneSS ses0000 Sixtho
Dismissed. R R deose 11:2:33.
Classification ....... Moderate.
Thl‘oat Swa'b .‘00!6.000 POSitiVe.
Antitoxin'.......;.... 28,0000111128.
Journal Reference .... Ward 1 East.

1, History.

Admitted on the sixth day of illness, the patient was
in & very toxic condition. The tonsils and soft palate
were intensely inflamed and oedematous. The left tonsil
was completely covered with thick yellow membrane and on -
the right tonsil, also, there were numeroug small patches
The breath was markedly foetid and the tomsillar glands
were slightly enlarged. ~Pallor and lividity of the face
were noticeable. The temperature was 1029F. and the
pulse rate 138. The pulse was regular in rate and rhythm
but the volume was varisble and, at times, thready. On
gsuschltation the first and second sounds were everywhere .
soft and muffled. Acetone and diacetid acid were present
in the urine. 28,000 unite of antitoxin were administered

intramuscularly.

On the 8th day of illness the throat was clearing and
the general condition of the patient was much improved.
On the 9th day the temperature and pulse rate were normal
and the urine was clear of acetone and diascetic acid, The
heart sounds were of normal intensity by the 1lth day, at
which time the throat was completely clear of exudation,
- congestion and oedema. The further progress was unevent-
ful and the patient was dismissed well on the 40th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
(1) during the toxic stage, and (2) after recovery.
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Glucose Tolerance.

(1) 7th dsy of illness: - 30 grams. glucose.

106 148 175 118 100 112 (Chart 26)
Glycosuria absent during the test, '

(2) 30th day of illness: 30 grams. glucose.
94 175 118 87 100 92 (Chart 27)

Blood Cholesterol.

(1) 7th dey of illness, 158 mgms, per 100 c.cms. blood.
(2) 30th day of illness, 161 " mo300 ¢ m

3. Note.

; The initial glucose tolerance test revealed only a
slight departure from normal. A mild fasting hypergly-
caemnia is evident in the blood sugar curve. - The point

of meximum concentration was not reached till the 60
minute interval and the return to normal was delayed until
two hours had elapsed. At the end of 2% hours the blood
sugar concentration was still above the fasting level.
Glycosuria was absent throughout the test. The blood
sugar curve, compileéd during convalescence, shows no
abnormelity. The blood cholesterol on both occasions

was normal.

- - - — S -~
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2 doHCLEOA sseesessceess Age 12 years.

~ Admitted ..c0000e0ee.. 11:1:33,
Day Of IlanSS [ oﬁfo;o‘ Voo Fowth.
Dismissed .veieeeeeee. 6:2:33,

- Clessification ....... Moderate.

- Throat SWS:b TR POSitive.
AntitO]Cin 0 0 0 0 e 000 e v e 8,000 units.
Journal Reference ,... Ward 1 Fast.

- Admitted on the 4th day of illness. The tomsils had
obviously been removed but inneach tonsillar fossa mem-
branous exudate was present. - The right tonsillar gland
was enlarged slightly and foetor oris was present., The
face .was pale and the complexion livid, The heart sounds
were '‘soft and muffled. The cardiac rhythm was regular
and the pulse was full. Acetone and discetic acid were
present in the urine, 8,000 units of antitoxin were -

injected intramuscularly.

Recovery was uneventful. Temperature and pulse rate
~ were normal on the 6th day and acetone and diacetic acid
finally disappeared one day later. The throat was com-
pletely clear of exudate on the 9th day. Progress there-
after was uneventful and the patient was dismissed well

on the 29th day of illness.

2. Glucose Toleraﬁce and Blood Cholesterol.

Glucose tolerance and blood cholesterol were investi-
gated (1) during the stage of toxaemia, and (2) after

recovery.
Glucose Tolerance,

(1) 5th day of illness: B30 grams, glucose.

110 178 165 125 134 110 (Chart 28) -
Glycosuris absent during‘the test,

~
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(2) 24t%h day of illness: 30 grams, glucose.
96 - 168 --113 . 93 102 100  (Chart 29).
 Blood Cholesterol.,

(1) 5th day of 1llness, 168 mgms, per 100 e.cms, blood.
(2) 24th day of illness, 185 " " 100 v

S, Note,

A slight festing hyperglycaemia and a mild degree of
interference'WithiearbOhydrate storage are evident from
the initial blood sugar curve, Glycosurig was absent
during the test. ~Acetone and diacetic acfd were present
in the urine. - A further glucose tolerance test during
convalescence gave a normal curve. The blood cholesterol

showed no departure from normal.

- - - - o - - - " > -
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CASE 15.

 D.Henderson ess....... Age 1l years
. Admitted. 7.,_...0.0...0.. 8:1:55. B .
Da.y of Illness e o:o oo Fourtho
- Dismissed eececervees 29:3:33.
Classification ...... Severe
Throat Swab ......... Positive
Antitoxin ®sececscscoe 26 ,000 units
Journasl Reference ... Ward 1 East.

. S SR R RS TS WS S T = "=

1, History.

: The patient was admitted on the 4th day of illness.
The tonsils, soft palate and uvula were infiltrated and
.extensively patched with yellowish-white membranous exu-~
date. The tonsillar glands were visibly enlarged and
foetor oris was noticeable, The temperature was 99.2°F

and the pulse rate 84,

The complexion was pale and slightly livid. The pulse
was regular in rate and rhythm and was soft and full.
The heart sounds were everywhere muffled. :Acetone and
diacetic acid were present in the urine, 26,000 units
of antitoxin were administered intramuscularly.

The temperature and pulse rate were normal on the 5th
day of illness. On the 7th day the throat was clear of
membrane, and acetone and diacetic acid were absent f£rom
the urine, Albumen was present in traces. .

Progress was setisfactory until the 39th day of ill-
‘ness, when nasal speech and cardiac arrhythmia developed.
The cardiac sounds were distant and soft and premature
contractions were numerous. The pulse varied markedly
in rete and rhythm, and there was g tendency for the
arrhythmia to take the form of coupling of the beats. On
the 40th day complete palatal paralysis and regurgitation
were present. On the 42nd day the patient complained of
abdominal pain and commenced to vomit. The liver was
palpable and tender one inch below the costal margin.

The complexion had a dusky cyanotic tinge. Vomiting
became persistent, the patient being unable to retain
~anything taken by the mouth., Albumen, acetone and di-
acetic acid were present in the urine. - e : .
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. Hepatie congestion, abdominal pain and vomiting
remained for two days. Thereafter the symptoms
gradually abated and on the 45th day the cardiac
rhythm was regular. Albumen, acetone and diacetic
acid were still present in traces in the urine, the
- latter beeoming finally clear on the 50th day. -Nor-
'mal speech was resumed on the 53rd day, and the fur-

ther progress was uneventful. The patient was dis-

missed well on the 82nd day.

2. Glucose Tolerance and Blood Cholesterol.

' Glucose tolerance and blood cholesterol were esti-
mated (1) during the stage of toxaemia, (2) at the
onset of complete palatal paralysis, and cardiac
arrhythmla, and (5§ during convalescence.

Glucose Tolerance.

(1) 5%th day of illness: 30 grams glucose.

80 167 138 142 112 105 (Chart 30)
Glycosuria absent during test.

(2) 40th day of illness: 30 grams., glucose.

9% 170 155 131 118 125 (Chart 31 )
Glycosuria absent during test.

(3) 60th day of illness: 30 grams glucose.

106 175 158 100 110 108 (Chart 32)
B moda Cholesterol. |

5th d.ay of illness, 100 mgms, per 100 C.Cms 'blocﬂ.

(1)

(2) 40th day of illness, 265 " " 300 M

(3) 60th day of illness, 214 " m 100 M n
3., Note.

During the stage of toxaemia, the glucose tolerance
test revealed a low fasting blood sugar and s marked
delay in storage. Acetone and diacetic acid were present
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in the urine .and the blood cholesterol was markedly

- decreased. When palatal parslysis supervened on the
40th day, the delay in storage was stlill manifest and
the blood cholesterol was abnormally high. Acetone
and diacetic acid were again present in the urine.
Both tests were unaccompanied by glycosuria, On the
60th day of illness, the fasting blood sugar, blood
cholesterol and glucose tolerance were normal.

- - . G T - - - - ——




130.

CASE 16.

R, Gould sevceveessss Age 11 years.
Admitted eeveeseonces 11:1:33, ‘
Day of Illness +e+... Fourth,
Dismissed s0os 000 by 10:2:550
Classification eevs.. Mild.

Throat Swab eecesee.o Positive.
Antitoxin XX 8,000 units.
Journsl reference ... Ward 1 Bast.

S . Om S G S S - ot P = - -

1. History. ; _ ,
Admitted on the 4th day of illness, the right tomsil
was covered with thiek yellow membrane, The breath
was noticeably foetid and the right tonsillar gland was
enlarged slightly. The temperature was 98,6°F.on ad-
mission, gnd the pulse rate 90. The urine was clear
of albumen but contained acetone and diacetic acid. The
heart sounds were pure and of normal intensity. The
pulse was regular in rate and rhythm, and of good vol-
ume. 8,000 units of antitoxin were administered intrs-

muscularly.

The throat was clear of membrane on the 6th day and
acetone and diascetic acid were absent from the urine
by the 8th day. The further progress of the case was
uneventful and the patient was dismissed well on the

34th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance'and blood cholesterol were estimated
(1) during toxaemia, and (2) after recovery.

Gldcose Tolerance,

(1) 5th day of illmess: 30 grams glucose.

96 174 143 110 113 98 (Chart 33)
Glycosuria absent during test.

(2) 30th day of illuness: 30 grams. glucoge.,
98 172 131 92~ 105 95 (Chart 34)
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Blood Cholesterol

(1) 5th day of illness, 167 mgus. per 100 c.cms, blood.
(2) 30th day of illness, 178 T 100 ¢

e Notes T L .

The case was one of mild severity. During the stage
of toxaelmia a slight departure from normal is mnoticed
in the blood sugar curve, the blood sugar concentration
at the end of the two hours' interval being still above
the fasting value. Acetone and diacetic acid were
present in the urine. During convalescence the glucose
tolerance showed no departure from normsl, The blood
cholesterol was normal on both ocecasions.

. S G B S N SR SE R G S W T U MEO w EY S G
N .
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CASE 17. -

W.Leask sesevessccecess Age 7 years.
. Admlt.ted- ® 9 0 90900000 W 7 l 35

Day of Illness ....... Fifth,

Dismissed .eveveveveve. 6:2:33,

Clagsification ....... Mild.

Throat Swab .......... POsitive,

AntitOXin e 600006000000 8,000 Imits.

Journal Reference .... Ward 1 East.

lo Histor;z .

The left tonsil appeared to have been removed. The
right tonsil was enlarged and was covered with numerous

smgll patehes of yellow exudate., Filmy exudate was
also present in the :Yefit tonsillar fossa. The tonsillar

glands were both sllghtly enlgsrged. Oral foetor was pro-
hounced.
The temperature was 999F, and the pulse rate 96. The

heart sounds were sllghtly blurred but otherwise normal.
The pulse was regular in rate, rhythm and volume,

The urine contained no acetone nor diacetie acid, 8,000
units of antitomin were injected intramuscularly. Progress
was uneventful and the pstient was dismissed well on the

34th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
during the toxic stage.

Glucose Tolersnce,

(1) 6%h day of illness: 30 grams. glucose.
83 168 94 80 92 85  (Chart 35)

Bléod Cholesterol.

(1) 6th day of illness, 193 mgms, per 100 c.cms, blood.
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3, Note.
The case was énéiofiﬁiid féuéiadeiphfhérla}” Glucose

tolerance and bloed cholesterol were found to be normal
during the: toxaemia—wz o
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CASE 18, 3

Re. Daly—ocoo.‘oouovggao’Age 10 years.,. -
Admj.tted. YRR 1421:53.
Day of Illness ...... Second,
Dismissed seeeeescees 17:2:33.
- Clagsification ...... Mild.
Throat Swab .eeeeeses Positive,
Antitoxin seeeeveee.. 8,000 units,
. Journal Reference ... Ward 1 mst.

le Historx.

Admitted on the Bnd day of illness, the tomsils
were enlarged and patched with membrane. The palate -
and uvula were congested, and foetor oris was pro-
nounced. The temperature was 990F and the pulse rate
88. The pulse was regular and of good quality and
the heart sounds were pure, Acetone and diacetic
acid were present in the urine in traces, 8,000
units .of antitoxin were injected intramuscularly.

The throat was clear of membrane on the 5th day of
illness and on the 7th day acetone and diacetic acid
were absent from the urine, The subsequent course of
the case was uneventful and the patient was dismissed

well on the 34th day.

- 2, Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
(1) during the toxaemia, and (2) after recovery.

Glucose Tolerance,

(1) 3rd day of illness: 30 grams glucose,

120 173 139 118 125 120 (Chart 36)
Glycosuria absent during test,

(2) 30th day of illnessi 30 grams glucose.
100 175 130 95 108 105 ~ (Chart 37)
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Blood Cholesterol.

(1) Frd day of illness, 162 mgms, per 100 c.cms. blood.
(2) 30th day of illness, 167 " mo100 ™

3, Note. .. .. . ,

During the height of the toxaemia, the blood sugar
curve shows an initial fasting hyperglycaemia, but no
- other abnormality. Acetone and diacetic acld were
present in the urine but glycosuria was absent through-
out the test. After recovery the fasting blood sugar
and glucose tolerance were normsl. The blood choles-
terol showed no departure from normal on either occas-

ion.

" W G G G TR YN S W B G A NS D MR R R R G G Gub Gub W e W
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CASE 19. T

- A.Morecmbe Q-_‘..;l.-...,. 'Age 12 yearSI
o Admitted seceeveseeass 14:1:33.
Day of Ill-ness sseevae Fifth.

Dlsmissed,............ 15:2:33.
Classification ,...... Severe.
Throat Swab ..evece... Positive,

. Antitox.in ee ees 00000000 30 OOO 'U.IlitS.

- Journal Reference voee Ward 1 Eest.

1, History. _

Admitted on the 5th day of 1llness, the throat was
markedly congested and oedema of the palate was present.
Both tonsils were covered with thick greyish-white .
membrane. - The tonsillar glands were visibly enlarged
and foetor oris was pronounced. The temperature was .
100,60F ‘on admission and the pulse rate 112, The
colour was poor and tinged with ashen ceyanosis. The-
heart sounds were soft and distant, but pure, and of
regular rhythm. °~ The pulse was rapid, regular, of
small volume and low tension._, Acetone and diacetie
acid were present in the urine and a transient slight
reduction of Fehling's solution was also observed.
20,000 units of antitoxin were administered intramuscu-

‘larly, and 10,000 units intravenously.

The temperature and pulse rate were normal on the
7th day of illness. The throat was clear of membrane
on the 8th day, but congestion and oedema remained for
some time therea£$er, $the throat finally becoming clear

on the lzth day.‘iﬁ

‘ On ‘the 15th day, the pulse became 1rregular in rate
and rhythm, and & soft blowing systolic murmur could
be heard at the apex and along the left border of the
sternunm. The cardiac sounds were muffled and the pulse

rate varied between 70 and 120 beats per minute, Numer-
ous premature contractions could be felt at the wrist.,

Acetone and discetic acid were still presen$ in the

.urine and slight traces of albumen.were also noted,

e e e e Cn
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Cardiae arrhythmis persisted until the 20th day,
by which time the quality of the heart sounds was much
improved. ~ The urine became clear of albumen, ascetone
and diacetic acid on the 24th day. The further pro-
gress of the case was uneventful and the patient was
dismissed well on the 36th day.

2, Glucose Toléranee and. Blood Cholesterol,

The glucose tolerance and blood cholesterol were
estimated (1) during the toxic stage, (2) during the
stage of cardiac arrhythmia, and (3) on recovery.

Glucose Tolerance.

(1) 6th day of illness: 30 grams glucose.

80 196 165. 142 103 100 (Chart 38)
Glycosuria developed during test.

(2) 18th day of illuess.
83 17% 145 109 115 106 (Chart 39)
Glycosuria absent during test.

(3) 30th day of illness.,
100 150 175 98 104 95 (Chart 4D)
Glycosuria absent during test.
Blood Cholesterol.

(1) 6th day of illmess, 190 mgms., per 100 ¢.cms blood.
(2) 18th day of illness, 244 " " o300 M n
(3) 30th day of illness, 179 " u J00 M u

5. Note.

The c ase was one of severe faucial diphtheria admitted
to hospital relatively late in the toxic stage. The
initial blood sugar curve shows a slight fasting hypo-
glycaemia and a marked delay in storage accompanied
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elinically by the development of glyeosurla. The
blood cholesterol during this stage was normal. On
the 15th day myocarditis and cardiae arrhythmis de-
veloped and a further blood sugar curve at this stage
shows a persistence of the carbohydrate storage defect.
The blood cholesterol was: abnormally high,

When cllnical recovery was established the blood
sugar, glucose -tolerance and bleod cholesterol showed

no departure from normal.
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Case’20.

R, Moore .....cv00vvvu.u... Age B years

Admitted ® 6 0 0 ¢ 8 2 0 0 0 00 000 e 17:1:53
Day of Illness .....0:..... Second
Dismissed seececeveecieenes H:4:33
Classification ............ Moderate

Throat Swab seeeeeeeeeress.. Pogsitive
Antitoxin ...... ceeseens e 12,000 units

Journal Reference ..es..... Ward 1 Est

S o B T o — - -

]

1. History.

Both tonsils were slightly enlarged and covered with
yellowish-white membrane. The soft palate.and periton-
sellar tissues were markedly congested and the breath was
‘foul. Glandular enlargement was absent,

o) «

The temperature was 99.4 F and the pulse rate 128. The
complexion was pale and slightly livid. The pulse was regul-
ar in rate and rhythm, Its volume was small and its tension
low., The cardiac sounds were weak and distant. The urine
conbtained albumen acetone-and diascetic acid.

Tachycardia persisted and on the 10th day of illness
an intermittency of the pulse rate developed and extra beats
with compensatory pause were numerous. The pulse was small
and. thready, the cardiac sounds were soft and distant and
a systolic murmur became audible at the apex. Acetone and
diacetic acid were again present in the urine. The pulse
remained rapid and more or less irregular until the 29th
day of illness. On the 20th day sickness became trouble-

some and persisted for two days.

The condition of the patient gradually improved and
by the 40th_day of illness the pulse was regular in rate,
rhythm and volume and the heart sounds were puree and of
normal intensity. ' The urine was then clear. TProgress
thereafter was satisfactory and the patient was dismissed

well.,
2. Glucose Tolerance and Blood Cholesterol.

Glucose,toleranbe-and blodd‘chOlesterol were eStimated
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- (1) @ufing the toxic stage, (2) during the stage of
cardiac arrhythmia and tachycardia and (3) after clinieal

T ecovery.

- Glucose Tolerance.

(1) 3rd day of illness: 30 grams glucose.

20 150 203 145 113 100 (Chart 41)
Glycosuria developed during the test.

(2) 17th day of illness: 30 grams glucose.

86 135 165 120 95 97 (Chart 42)
Glycosuria absent during the test. :

(3) 42hd:@ayféf'illness: 30 grams glucose.
. 94 160 122 98. 90 90  (Chart 43)
Glycosuria absent during the test. -

Blood Cholesterol.

(1) 3rd day of illness: 194 mems per 100 c.cms blood
" (2) 17th day of illness: 244 ". " m uw Mo
(3) 42nd day of illness: 189 -~ " 1 " e

5., Note.. .. 4
During the stage of toxaemia the fasting blood sugab
was normal, The bleod sugar curve showed a definite de-~
lay in returning to normal and glycosuria developed. The
blood cholesterol was normal. Tachycardia persisted till
the 29th day of illmness and from the 10th day was associated
with cardiac arrhythmia. On the 17th day the blood sugar
curve showed a persistent delay in falling to fasting

1 but cosuria was absent and the fasting blood
level but gly At this stage the blood cholesterol was

sugar was low.. - : X :
abnormally high. Xetome: bodies were present in the urine
until the 6th day and from the 15th day until the 22nd.

The blood sugar curve, on recovery showed a concentration
above the fasting level at the end of two hours. This delay

however was only trivial.
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-

d. Nicol svevvevensss.. Age 12 years.
: Admitted ¢ 6 o560 6600000 17:1:55.

- Day of Illness ....... Third,
Dismissed o 9 & @ ¢ 0 0 00 9 s o9 16:2:351
Classification ......., Se@Vere.

Throat Swab eeceesss.. POsitive,.
Antitoxin secevve0ee.. 40,000 units.

Journal Reference ,... Ward 1 East.

- W Y - =" - —

CASE 21.

le History .

Both tonsils were enlarged and extensively covered
with thick greyish-white membrane, which extended
across the palatal arches and covered the uvula. lhe
palatal and peritonsillar tissues were markedly con-
gested and infiltrated, and foetor oris was intense.
The tonsillar glands were considerably enlarged and
were hard and painful. On admission the temperature
was 102,60F gnd the pulse rate 112. There was pallor
and cysnosis of the complexion. On auscultation the
cardiac sounds were forceful.,  The first sound was
soft and blurred, the second sound loud and booming.
The pulse was regular in rate and rhythm and of moder-
ate volume and tension. The urine contained acetone
and diacetic aeid. - 20,000 units of antitoxin were in-
jected intramuscularly and 20,000 units intravenously.

The temperature and the pulse rate were normal on
the 7th day of illness and the urine was free of acetone
and diacetic acid one day later. The throat was clear
of membrane on the 10th day and was normal by the 13th.
Progress was uneventful and the patient was dismissed

well on the 34th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were esti-
mated (1) during the toxle stage, and (2) after clinical

recovery.
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Glucose Tolersnce.

e

(1) 5th day of illness:

78 195 162 134 110 112  (Chart 44).
Glycosuria developed during test, '
(2) 30th day of illness: 30 grams glucose,

97 172. 126 90 105 100 (Chart 45)
Glycosuria sbsent during test.

30 grams glucose,

Blood Cholesterol.

) 5th day of illness, 256 mgms., per 100 c.cms blood.
) 30th day of illness, 193 " ™ 100 "

(1
(2

3, Note.
The glucose tolerance test carried out durlng the

stage of toxaemis showed a fasting hypoglyceemia, a
maximum cencentration in excess of the renal threshold,
with resulting glycosuria, and a definite delay in the
removal of the excess of sugar from the blood. The
blood cholesterol during this stage was increased.

During donvalescence the fasting blood sugar, glucose
tolerance and blood cholesterol showed no departure from

normal..

. Gt VS I N S P S S W
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CASE22, -

" No Bryce veeeeeieeseos Age 10 years.
Admitted i'>o o.o e 00 .v”b'o"-o o 25:1:550 '
Day of Illness ,...... Third.
Dismissed »Igo 26000000000 27 :2 :55

Classifieation ....... Mild,

o Throa.’b SW‘a.b ‘o_ s 06000000 POSiti‘V‘e.
Antitoxin seeeeseeeess 12,000 units.
Journal Reference ..., Ward 1 BEast.

e S G B e S G - o e S G e .

1, History.

Admitted on the 3rd day of illness, the case was
one of mild faucial diphtheria. The tonsils were both
slightly enlarged and the right tonsil was partly cover-
ed with a patch of dirty greyish-white membrane. The
breath was not markedly foetid and ‘glandular enlarge-
ment was absent. Toxsemia was slight. The tempera-~
ture and pulse rate on admission were respectively
-102.20F and 116, The heart sounds were pure though
slightly blurred and the pulse was regular in rate and .
rhythm, of good volume and moderate tension. The
urine contained both acetone and diacetic acid. 12,000
units of antitoxin were injected intramuscularly.

The temperature was normal on the 4th day. The
throat was clear of membrane on the 8th day and acetone
and diacetic acid remained until the 10th day. Tachy-
cardia associated with a regular cardiac rhythm persist-
ed until the 12th day, when the pulse rate fell to
normal. The further progress was uneventful and the

patient was dismissed well on the 36th day.

2. Glucose Tolerance and Blood Cholesterol.,

Glucose tolerance and blood cholesterol were estimated
(1) during the height of the illness, and (2) after re~

covery.
 Glucose Tolerance.
(1) 5th day of illmess: _ 30 grams glucose,
116 162 184 120 125 118 - (Chart 46)
.~ Glycosuria absent during tesi, .
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(2) &Qtﬁ day of illness: 30 grams glucose.'

92 158 121 85 96 90  (Chart 47)
Glycosuria absent during test,

Blood Cholesterol.;

) ath day of . illness, .234.mgms, .per 100 c.cms, blood.
) 30th day of illness, 173 ™ " o100 M

(1
(2

3. Note.

The first glucose tolerance test demonstrated a

fasting hyperglycaemla and an inability to store and
utilize; sugar. . This condition was associmated with
kettne bodies in the urine and a high cholesterol con-
tent in the blood. The defect in carbohydrate meta -~
bolism was not aecompanled by sugar excretion in the

urine.
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CASE 23. C

R.Martin .....0000.... Age 11 years.
Admitted C;0.00QQO;OOQ 25:1:350

D&y OfIllIleSS [ A I ] Sixth-
Dismissed’ R R R R RN 2:5:33.

~ Classification ....... Mild.

~Throat Swab seseesse.. Positive.
Antitoxin eseeseeeness 12,000 units.
Journal Reference .... Ward 1 East.

L X T R P X ]

1. History.

. The patzent was admitted to hospital on the 6th day
of illness., A small patch of membrane was present on
the right tonsil and follicular exudate was observed

* on the left. Foetor oris was slight.  Glandular en-
largement and palatal infiltration were absent. -

The temperature was 98.20F on admission and the
pulse rate 96. The heart sounds were pure though
slightly muffled. The pulse was regular in rate and
rhythm, of small volume and low tension, Albumen, gce-
tone and diacetic acid were present in the urine. 12,000
~units of antitoxin were administered intramuseularly.

The temperature ‘and pulse rate were normal on the
7th day. BExudate remained on the throat till the 8th
~ day and the urine became finally clear on the 10th. The
further progress was uneventful and the patient was dis-

missed well on the 36th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
(1) during the acute stage, and (2) on recovery.~

o Glucose Tolerance.

(1) 7th day of illness: 30 grams glucose.

76 178 141 123 100 95 (Chart 48)
Glycosuria developed during test.
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(2) -30th day of illness: 30 grams glucose.

88 167 150 20 96 92 (Chart
Glycosuria absent during test.

Blood. Cholesterol .

(1) 6t day of illness, 159 mgms. per 100 c¢.cms .blood.
(2) 20th day of illness, 171 " w300 o®

49 )

%. Note.,

. This case, although mild, was admitted relatively
far advanced in toxaemia. Fastlng hypoglycaemia, delay
in carbohydrate storage with development of glycosuria,
were noted d.uring the acute stage of the disease. On
recovery, the fasting blood sugar and glucose tolerance

" showed no departure from normal., The blood cholesterol

was normal on both occasions.
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CASE 24.

o 2 At T08L eswereeneiesss Age 8 years.
Pl A&mit‘ted :‘}o.ro'o'o;. ceevee 2:8 :55 . g
Day of Iliness ....... Second.
Dismissed seeceeeces.. 8:3:33,
ClaSSifiCatiOIl se s o Mildo

Throat Swab «..¢...... Pogitive.
’ AntitOXin ® 98 & 000000 8’000 .lmits.

1, History. -
- Admitted on the second day of illness, the throat

was slightly inflamed and follicular exudate was present
in both tonsils, Oral foetor, palatal oedema and glan-
dular enlargement were absent, - The temperature on ad-
mission was 100OF:and the pulse rate 124, The colour
was good and the heart sounds normsl., The pulse was
regular, rapid and full. Acetone and diacetic aseid
were not present in the urine. 8,000 units of anti-~
toxin were injected intramuscularly. '

The temperature and pulse were.normal on the 5th day
of iliness and the throat was clear on the 7th day.
Progress was satisfactory and without event, and the
patient was dismissed well on the 34th day.

2. Glucose Tolerance and Blood Cholesterol.

' Glucose tolerance and blood eholesterol were estimated
(1) duwring the acute stage, and (2) after recovery.

Glucose Tolerance,

(1) 3rdiday of illness: Zo‘grams glucose,

115 162 174 105 125 110  (Chart 50 ).
Glycosuria absent during test, ’

(2) 30th day of illness: 30 grams &lucose,
96 170 143 - 98 102 100  (Chart 51 )
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Blood Cholesterol.

5rd day of 1llness, 134 mgms. per 100 c.cms.blood.
jid ﬂ . loo 11

(1)
(2) 320th &ay of illness, 168

3 (3 Noteo

The case was one of mild faueial diphtheria recover-

ing uneventfully. ‘The initial blood sugar curve shows
Storage and utilization of

e fasting hyperglycaemis,
Acetone and diacetic acid were

sugar were unaffected.
not present in the urlne and the blood cholesterol was

low..j o -

Reeevery ‘was assoelated with normal findings with
regard to the fasting blood sugar, glucose tolerance
and blood dholestepol.'

- . o I S D i " o it S > - D W P G -
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T 119 Carr .............-.Age 10 yea.rs-.,
Ad—mltted LI I BT B AR R N IR B Y 3 22253-
.. Day of I1lness eeecs.. Seventh.
' Dismissed .veseccesess 29:3:33,
Classification ........Mbderate.

Throat Swab ¢ec....... Positive.
Antitoxin ceveceessss. 8,000 units.
. . Journal Reference .... Ward} 1 East.

1. Hlstorz..u,, o

‘The patient was admitted to hospital on the 7th day
of illness. Small patches of membrane were present
on both tonsils. Oral foetor was slight and glandu-
lar enlargement and palatal infiltration were absent,

pulse rate 90.
The heari sounds were regular, though of muffled quality,

and the pulse was small and of low tension. The urine
contained albumen, acetone and diacetic acid. 8,000
units of antitoxin'Were injected-intramuseularly.

' The- temperature anﬂ.pulse rate were normal on the |
9th day of illness. and the throat was clear by the 12th, .
On the l6th day of illness tachycardia developed, the
ulse rate ranging from 90 to 110 beats per minute.

glmultaneously a soft blowing systoliec murmur could be
heard at the apex. Albumen, acetone and diacetic sgeid

were still present in.the urine. Tgchyecardia persisted
until the 23rd day of illness, the heart sounds being =
then pure and. ofAnormal intensity. , R

The urlne was clear of acetone and dlacetic acld on

the 26th day, . albuminuria per31sting in slight traces
for some days- thereafter. ihe urine flnally became clear

on the Zoth day. , Er ,
' The further progress was satlsfactory and the patient
was. dismlssed well on the 4lst day. o o o
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2. Glucose Tolerance and Blood Cholestérol.

Glucose tolerance and blood cholesterol were esti-
mated (1) during the acute stage of the illmess, (2) -
during the stage of tachycardia, and (3) during con-

valescence,
Glucose Tolerance.

(1) 8th day of illness: 30 grams, glucose.

96 192 147 124 102 95 (Chart 52)
Glycosuria developed during test. '

(2) 18th day of illness: 30 grams glucose.

90 170 1%6b 105 100 - 98  (Chart 53)
Glycosuria absent during test.

(3) 36th day of illness: 30 grams glucose.
98 162 106 95 90 102 (Chart 54)

‘Blood Cholesterol.

1) 8th day of illness, 216 mgms, per 100 c,cms. blood.
2) 18th day of illness, 273 " o100 ¢ T
3) 36th day of illness, 198 ¢ " 00 % n

CNPTN g

3 ° Note,

The case was one of mild faucial diphtheria presenting
no features of speecial interest beyond the fact of the
relatively late admission to hospital and the subsequent
development of tachycardia, The initial glucose toler-
ance test showed a fasting hypoglycaemia, a maximum con-
centration above the renal threshold with development of
glycosuria and a definite delay in carbohydrate storage.
When tachycardia developed this abmormality of carbo-
hydrate metabolism was still present though in less
marked degree, the fasting blood sugar more closely ap-
‘proximating to 'normal and glycosuria- being absent. The
blood cholesterol shows a mmrked inerease during the
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latter stage. No departure from normal was found in
the estimations during convalescence.

- A S G — s - S SN G WD
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Crn : ,G’.v Reid_ eec0se0s00nss e Age 7 years.

T Admitfl;,ed.-,.,.....,...-... 16:1:530 o

" Dgy of Illness «.es... Third,
Dismissed cececcececes H:4:33.
Clagsification .ve..... Severe.
Throat Swab .veveee... Positive.
Antitoxin .eceveevese. 32,000 units.
~Journal Reference ..,.. Ward 1 Est.

- - OB S e W s e wa -~

1. History.

_° The tonsils were covered with thick yellowish-white
membrane, and palatal and peritonsillar infiltration

was intense, Oral foetor was present and the cervieal

glands were enlarged and tender particularly on the left
side. The temperature on admission was 1020F and the

pulse rate 92,

The face was pale and livid, the heart sounds soft
and distant and the pulse, though regular in rate and
rhythm, was of small volume and low tension. The urine
contained albumen, acetone and diacetic gecid. 20,000 -
units of antitoxin were administered intramuscularly
and 12,000 units intravenously.

: On the 6th day of illness, the temperature and the
pulse rate were normal. The urine was clear ofscetone

and discetic acid on the 8th day and the throat was

normal on the 10th day. Albuminuris persisbed in

traces- until the 20th day.

Progress continued satisfactorily until the 33rd day
of illness, when palatal paresis and nasal speech devel-
oped. Complete palatal paralysis and regurgitation
supervened on the 35th day and persisted until the 43rd
day, normal speech being resumed 5 days later. Acetone
and diascetic aeid were present in the urine from the 34th

$i11 the 46th day. The patient was dismissed well on
the 80th day. , '

-
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2. Glnucose Tclerance and Blood Choiesterol;

’ Glueosé tolerance and blood cholesteroliwere esti-
mated (1) during the acute stage, (2) during the
stage of palatal paralysis and ketonuria, and (3) after

clinical recovery.
Glucose Tolerance.

(1) 4th day of illmess: 30 grams glucose.

96 193 157 132 110 115 (Chart 55)
Glycosuria developed during test.

(2) 38th day of illness: 30 grams glucose.

83 171 123 110 120 105 98 (Chart56 )
Glycosuria gbsent during the test.

(3) 78th day of illness: 30 grams glucose,
90 162 110 86 90 22 (Chart 57 )
Glycosuria absent during test., '

Blood Cholesterol.

(1) 4th day of>illness, 136 mgms, per 100 e,cms,blood.
(2) 38th day of illness, 264 " n o100 ® u
(3) 78th dgy of illness, 189 " m 3100 ¢ n

3. Note.

During the acute stage of the disease the glucose
tolerance test showed a definite degree of delay in
carbohydrate storage and a point of maximum concentra-
+tion in excess of the renal threshold, with resultant
glycosuria. Ketone bodies were present in the urine
end the blood cholesterol was markedly decreased.

The storage defect was still present when palatal
paralysis supervened. _Glycosuria did not result from
the test at this stage but acetone and diacetic acid
were present in the urine. The blood cholesterol was

abnormally high.
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= Glucose tolerance and blood cholesterol were normal
- after ellnleal recovery. ~The fasting blood sugar
showed no d.eparture frmm narma.l throughout.
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CASE 27, - .

o DQ' Casey o.ooo.-aoccooo -Agelz yeaI'S.

. Admj-tted. S 000000000 24::2:55.

N Day of Illness +e¢..... Pourth.
Dismissed LI R A o.‘a . mn,aig.-o 29:5:550
Classifidation ..eee.. Mild.

Throat Swab ceeeereeee Positive,
Antitoxin seeeeeese... 12,000 units,
‘Journal Reference .... Ward 1 BEast.

A . o e o g o

1, History.

The tonsils were both enlarged and on each there was s
small patch of yellowish-white membranous exudate. The
peritonsillar tissues and the soft palate were slightly
inflamed. Oral foetor and glandular enlargement were

absent.

On admission the temperature was 100°F and the pulse rate
120. The cardiac sounds were normal and the pulse was
regular in rate and rhythm. The urine contained albumen in
traces. Acetone and diacetic acid were absent. 12,000
units of antitoxin were administered intramuscularly.

The temperature and pulse were normal on the 6th day.
On the 7th day the throat was clear of membrane gnd slbu-
men was absent from the urine. The further progress was
uneventful and the patient was dismissed well on the 40th

day.

2. Glucose Télerance and. Blood Cholesterol.

Glucose foleraﬁce,and‘blood cholesterol were investi-
gated (1) during the acute stage, and (2) after recovery.

Glucose Tolerance.

(1) b5th day of illness: 30 grams glucose,

113 176 121 109 110 115 (Chart 58 )
Glycosuria absent during test.
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(2) B0th day of illness: 30 grams glucose.

95 161 113 98 97 b 95 _ (Chart 59 )
Glycosurla absent during test.

~Bleood Cholesterol. o

(1) 5th day of 1llness, 152 mgmse+ per 100 c,cms, blood.
(2) 30th day of illness, 176 " o100 "

50 Bbteﬂ,

The initial glucose tolerance test showed a slight fast-
ing hyperglycaemia. No defect in the removal of the ex-
cess of blood sugar occurred. The blood cholesterol was
within normal limibts. ' T

e St > W 4 o - W gon .
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CASE 28. -

JoAi'bken ssssseessssse Age 7 years.
Admltted oooeoonceegno 27255-
- Day-of I1Iness seece... Fifth,
’ Dled ooonoo.oooeoooooc 5 5 55.
Cla831fication,,...... Severe.,
Throat Swab eecseeee.. Positive.
Mtitoxin .Q...’O...‘. 56,000 wits.
. Journal Reference .... Ward 1 East.

. A S N " . - B . -

L. History. _
The fauces and soft palate were intensely congested

and infiltrated. Firmly adherent greyish-black membrane
covered each ton51l and extended across the palatal arches
to the uvula. = Exudate was also present on the hard palate.
The glands at the angles of the jaw were enlarged and ten-
der and gave the patient the so-cdlled "bull neck" appear-
ance. Foetor oris was intense and a sero-purulent dis-
charge exuded from the nostrils. - On admission his tempera -

ture was 100 60F and the pulse rate 136,

The complexlon was pale and cyanosed and the extremities
were cold and livid. The pulse was rapid, regular in
rate and rhythm, and thready. The heart sounds were soft
and blurred, the first sound being decidedly shortened and
the second sound redupllcated.'r The liver was enlarged
and could be felt 2" below the costal margin. Albumen,
acetone and alaeetlc acid were present in the urine. 16,000
units of antitoxin were injected intramuscularly on admis-
sion and 20,000 units were adminlstered 1ntravenously on

the follawing day. {”

o The patient's condltion progressively deteriorated.

On the 7th day of illness a sharp nasal haemorrhage occurred,
Extrasystoles were numerous- on the 8th day and on the 9th

a total arrhythmia developed. Reduplication of the first
sound with gallop rhythm was present. Active sickness

occurred and persisted, irrespective of food taken, until
nesr the end. The material vomited was streaked with
blood. The patient died of cardiac failure on the 1llth

day.
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2 Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were investi-
gated (1) on the 7th day of illness, and fasting blood
sugar and blood cholesterol estimations were made (2) on
the 8th, and (5) on the 10th day.

Glucose Tolerance.

(1) 7th day of illnéséé 30 grams glucose.

80 215 164 168 156 126  (Chart 60 )
Glycosuria present during test.

Fasting Blbod Sugar.

. 8th day of illness, 76 mgms. per 100cems. of blood.
- 10%th day of illness, 72 w " 100 v L

Blood Gholesterol. “'

N~
Nw
) et

1) Vth day of illness, 206 mgms. per 1100 c.cms. blood.
2)  8th day of illness, 234 " 100 ™
%) 10th day of 1llness, 268 ~m 100 v n

PN SN

B Note.

The case was one of severe diphtheria terminating by
- gardiase failure on the 1lth day of illmness, The glucose
tolerance test showed a definite degree of delay in the re-

moval of the excess of -blood sugar and a point of maximum
concentration such that glycosuria occurred during the test.
The estimations of the fasting blood sugar made later in
the illness reveal a hypoglycaemia., Acetone and diacetic
acid were present in the urine throughout and the blood

cholesterol was abnormally increased. )

o . . . 8 D T USSR S Nt
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CASE 29. - _
: D. RuSSell .nooﬂnlacov.too-"Age 7y‘ea1'8 ST .
Aa.mitted. :.‘0401010'.0'000}’6.. 2:5:35. '
Day of Illness .e..... Third.
Dismissed. 58 09000000 6:4:350
Clagsification ¢ecee.. Hild.
Throat Swab seceses... Positive,
Antitoxin *r000s 00000 12,000 Uﬂi'bs.
Hournsl Reference .... Ward 1 fagt.

1, History. - o ‘

A small pateh of yellowish-white membrane was present
on each tongil. Oral foelor was not marked and glandu-
lar enlargement was absent. On admission the tempera-
ture was 100,49F and the pulse rate 90. The pulse was
regular, of good volume and moderate tension, and the
heart sounds were pure though slightly muffled. Acetone
and digcetic acid were present in the urine. 12,000
units of antitoxin were injected intramuscularly.

| The temperatufé-and the pﬁlse rate were normsl snd
the urine clear, on the 4th day of illness, Progress.
continued uneventfully and the patient was dismissed

well on the 38th day. =

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimsted
(1) during the acute stage of the illness, and (2) after

. Tecovery.
Gluecose Tolerance.

(1) 4th day of illness: 30 grams glucose.

112 169 129 105 128 118 (Chart 61)
Glycosuria absent during test.

(2) 30th day of illness: 30 grams glucose.
g7 172 143 90 95 88  (Chart 62)
Glycosuria absent during~test.
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Blood Cholesterol.

(1) 4th day of 1llness, 153 mgms.per 100 c.cms blood.
(2) 30th day of 1llness Sy on " o100 "

5. Note,

' The case was one of mild faueial diphtheria present-
ing no features of unusual clinical interest. The
glucose tolerance test during the toxic stage showed no
departure from normal with regard to storage but reveal-
ed a definite hyperglycaemis in the fasting blood. The
blood cholesterol was within normal limits when the
patient had recovered, no departure from normal was
observed in glucose tolerance fastlng blood sugar or

blood cholesterol.ff..

- - T T S 0 B O Gt S " > -
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CASE 30. .

b.Cruden .‘0‘0001000000’00 Age 14 yearSo
. Admittea [ ] ". ‘”’...’... 7:5:350

Day of Illness seese.s Third,

Dismissed.:.o--oo'o-‘oo 8:4:33,

Classj-fie&tion esseeees Moderate.

Throat Swab «eecv.ee.. Positive.
Antitoxin eeeeccceecns 12,000 units.

Journal Reference .... Ward 1 East,

1, History.

The tonsils were enlarged and covered with thick
adherent greyish-white membrane., The soft palate
and peritonsillar- tissues were inflamed and infilirat-
ed, and foetor oris was present. Both tonsillar glands

were enlarged and tender.

On admission the temperature was 99.69F and the pulse
rate 100. The face was pale and slightly cyanosed. The
pulse was regular, of good volume and moderate tension.

" The heart sounds were pure but soft and distant. Acetone
and diacetic acid were present in the urine. 12,000
units of antitoxin were injected intramuscularly.

On the 6th day of illness the temperature and the
pulse rate were normal, Acetone and diacetic acid dig-
appeared from the urine on the 7th day and the throat was
clear of exudate and infiltration on the 10th day, Pro-
gress continued satisfactorily and the patient was dis-

missed well on the 35th day.

2, Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
(1) during the toxic stage, and (2) after recovery.

Glucose Tolerance.

(1) 4th déy of illness: 50 grams glucose.
124 169 142 117- 120 125 (Chart 63)
Glycosuria absent during test,
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(2) 5ch day of illness: 50 grams glucose,

103 171 98 . 116 100 105 - (Chaert 64)
Glycosurie absent during test;

‘Blood Chdlésterol-

(1) 4th day of illness, 123 mgms. per 100 c. cms.blood.
(2) 30th day of illness, 161 T v o100 ¢

3. Note.

The initial blood sugar curve shows a fasting hyper-
glycaemia but no defeet in the c arbohydrate storage
mechanism was evident, The blood cholesterol was ab~

normally-low.

After recovery the fasting blood sugar, blood choles-
terol and glucose tolerance showed no departure from

normal.




CASE 31, .
. IPVING suesereseess g0 12 years.

Admitted eceecseccceces 8:3:33,
Day_Of‘Illness sescc e Fourth.
Dismissed eessececcees 10:4:33,
Clagsification ses.e.. Moderate. C e

* Throat Swab tecsseccae POSitiveo
CAntitoxin seeeecececes 12,000 units.,

Journal Reference ..., Ward 2 East.

'Both bonsils were enlarged and covered with numerous
small patches of membranous exudate. Foetor oris was
slight and palatael infiltration and glandular enlarge-
~ment were,qbsent,_ o ' o

. On admission the temperature was 1019F and the pulse
rate 96, The colour was good. The heart sounds were
of good quality and the pulse was regular in rate,
rhythm and bolume. The tension was moderate. The
urine contained acetone and diacetic acid. 12,000 units
of antitoxin were injected intramuscularly.

On the 6th day the temperature and the pulse rate
were normal and the urine was free of acetone and adi-
acetic acid, The throat was clear on the 8th day. Pro-
gress thereafter was satisfactory and the patient was

dismissed well on the 37th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance gnd blood cholesterol were esti-
mated (1) during the toxic stage, and (2) after recov-

ery.
Glucose Tolerance.

(1) 5th day of illmess: 30 grams glucose.
108 186 137 418 120 114  (Chart 65)
Glycosuria present during test,
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(2) ~30th day of illness: 30 grams glucose.

97,170 125 75 100 100  (Chart 66)
Glycosuria absent during test.

B lood Cholesterol.

(1) 5th day of illness, 123 mgms. per 100 c,cms blood
(2) 30th day of illmess, 155 " mo100 M

3. Note.

- During the toxie stage, the blood sugar concentration

was still above the fasting value at the end of 2% hours.

- The rensl threshold was passed and glycosuria developed
during the test. The blood cholesterol was markedly

" decreased. A further glucose tolerance test, during

>'convalescence, gave results in all respects normal. The

blood cholesterol was then also within normal limits,
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CASE 32.-

S.MeGOWan ececveeesee.s Age 8 years.
’Ad.mitted.i’..to"o.o}o’o:oo_. 8:5:55.

Day of Illness ....... Second.
Dismissed eoeeeveiio.. 15:5:33,
Clasgification ....... Moderate,
Throat Swab ceveeeecee. Positive,
Al’l'titOXin sseess0 s 00 e 12,000 unitSO

Journal Reference .... Ward 2 East.

Y O B P B W > W - . a_

l. History.

Both tonsils were enlarged and extensively covered with
loosely adherent yellowish-white membrane. Foetor oris
was intense and both tonsillar glands were enlarged and
tender. On admission the temperature was 99,8% ., and
the pulse raté 128, The colour was pale and slight
lividity was present in the complexion. The pulse was
regular in rate and rhythm, and of good volume and high
-tension. = On suscultation the first sound was everywhere
soft and blurred and the second sound was accentusted and
had a booming character. - Albumen, acetone and diacetic
acid were present in the urine. 12,000 units of antitoxin

were administered intramuseularly.

The temperature was normal on the 4th day, but tachy-
cardia was present until the 7th day. Albuminuria remain-
ed until the 8th day and by the 1l0th day the urine was
finally clear and exudation had disappeared from the throat,

Progress continued satisfactorily until the 27th day of

illness when the pulse became rapid, irregular and thready.
The ¢ ardiac sounds were distant and soft, both the first
and second sounds having a'mnffled‘quali%y. On the 29th
day the liver was palpable one ineh below the costal margin -

and the patient complained of abdominal pain. On the 30th
day extrasystoles were present in abundance end redupli-
cation of the first sound gave rise to typical "bruit de
galop”. Vomiting occurréd and remained troublesome during
the 3lst and 32nd days,-during which time mothing would

lie in the stomach. Acetone and diacetic acid were present
in the urine until the 34th day. Tachycardia, arrhythmis
and hypotension persisted uwantil the 36th day. The general
condition of the patient gradually improved and he was dis-
missed well on the 69th day -
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2..Glucose Tolerance and Blood Cholesterol.

Glucose tolerance -and blood cholesterol were investi-
gated (1) during the stage of toxsemia, (2) during the ,
stage of tachycardia, arrhythmia, hypotension and hepatie
engorgement, and (3) after ‘elinical recovery. '

" Glucose Tolerance,

(1) 3%rd day of illness: 30 grams glucose.

113 193 157 135 128 130 (Chart 67 )
Glycosuria developed during test. ’

(S)W Zéth_day_of illness: 30 grams glucose. -

75 168 130 clotted 110 91  (Chart 68 )
- Glycosuria absent during test.
(3) VGOﬁh"dayzbikiliﬁéss;f'50 grams glucose.
95 160 160 102 90 100  (Chart 69)
Glycosuria absent,during.test. ‘

Blood cholesterol.

(1) 3rd day of illness, 171 mgms, per 100 e¢.cms. blood.
(2) 28th day of illness, 289 " ¥ -100 © n
(3) 60th day of illmess, 196 " " 100. " "

3+ Note.

During the acute stage of the illness fasting hyper-
glyceemia, glycosuria and delay in carbohydrate storage :
resulted from the glucose tolerance test. The blood chol-
esterol was normal and acetone and diacetic acid were pre-
sent in the urine. During the stage of cardiac involve-
ment a similar storage defect was present but the fasting
blood sugar was low and glycosuria did not result. .- The
blood cholesterol at this time was markedly increased.
After elinieal recovery the findings with regard to glu-
cose tolerance, fasting blood sugar and blood cholesterol

showed no departure from norpal;

- o G S (0”050 e i 5 e e o
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CASE 33,

L.Farmer ceeeeccces.ss Age 7 years.
Ad.mj.tted noo"oro-oonocou 15:5:550
Day of Illness sess... Second.
Dismissed seveeceesere 21:4:33,
Classification svsee... Moderate.
Throat Swab YRR POSitiveo
Antitoxin eeeevees.... 8,000 units,
Journal Reference .... Ward 2 East,.

1. History.

The tonsils were both enlarged and extensively cover-
ed with yellowish-white membranocus exudate. The breath
was foetid and the tonmsillar glands were slightly en-
larged and tender. The temperature was 1oo§F. and the
pulse rate 90. The colour was good. The heart sounds
" were pure and the second sound at the aortic base was
accentuated. The pulse was regular in rate and rhythm,
of good volume and slightly increased tension. Acetone
and diacetic acid were present in the urine. An intras-
muscular injeetion of 8,000 units of antitoxin was ad-

ministered.

The temperature fell to normal on the 4th day of ill-
ness by which time also the urine was clear of acetone -
and diacetic acid. The pulse rate was normal on the 5th
day and the throat was clear by the 7th day. Progress
continued satisfactorily and the patient was dismissed

well on the 39th day.

2. Glucose'Toleréhce and Blood Cholesterol,

. Glucose tolerance and blood cholesterol were inves-
tigated (1) during the acute stage of the illness, and
(2) after recovery. N o

© Glumecose Tolerance,

(1) 3rd day of illness: 30 grams glucose.

109 172 153 125 114 120  (Chart 70)
~ Glycosuria absent during test. , :
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. (2) _28th day of illness:

80 150 150 .90 . 83 87 . (Chart 71)
Glycosurla absent during test. -

Bloed. Cholesterol.

(1) 3ra da.y of 1ll:aess, 173 mgms, per 100 ec. cms ., blood..
(2) 28th d.ay of illness, 194 7 100

3 8 Note. .

A fasting hyperglycaemia and slight delay in storage

" are noticeable in the first blood sugar curve. Glycosuria

was absent during the test. Diacetic acid and acetone
were present in the urine. A later glucose tolerance test -
carried out after recovery showed no abnormality. The

‘blood. cholesterol throughout was withln normal limits,
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CASE 34. , -
fA.MbLaughiinv.;;;.;... Age 17 years. S
Admitted. .o;oo‘to:-otooo‘>16:3:‘55¢ L_

Day Of Illness soesesee Fourth. oL

'DiSMisSsed eseeseseecos H:5:33, TOBTS

Classification ¢vese.. Severe, °.

v Throat Swab o 09 0 00 50 00 POSitiveo L
_ Antitoxin ..ees0es04.. 25,000 units,

1, History. - - ,

" . The patient looked pale and toxiec.  Extensive greyish-
white membrane covered the tonsils, the soft palate and the
uvula. There was marked infiltration and congestion of the
parts and oral foetor was intense. The glands at the angles
of the jaw were enlarged and painful and gave the patient a
"bull neck" appearance, ~ On admission the temperature was
990F, and the pulse rate 96.  The pulse was regular in rate
and rhythm, the beats were of equal and good volume and the
tension was high. The first cardiac sound was soft and
distant in all areas and the second sound was loud and boom-
ing, particularly at the aortic base. Acetone, diacetic acid
and albumen were present in the urine. 25,000 units of
antitoxin were administered intramuscularly.

The temperature and the pulse rate fell to normal on the.
7th and 8th days respectively. On the latter day the
urine was clear of acetone and diacetie aecid and albuminuris
finally disappeared on the 10th day. On the 12th day the
throat was clear of exudation and infiltration. = The genersl
condition of -the patient was very much improved.

Progress continued satisfactorily until the 19th day of
illness when the pulse became markedly irregular in rate
and rhythm and unegual in volume, KNumerous premature beats
with compensatory pause were present and coupling of the
beats was prominent. On auscultation both the first and
second sounds had a muffled quality. On the 22nd day of
illness the patient complained of mild abdominal pains and
the liver was found to be enlarged and palpable 2" below

16 COS Vomiting of food also occurred and

" the costal margin. als

ketone bodies were present in the urine, -
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On the 27th day of illness reduplication of the first
cardiac sound was present, this sound at the apex having
the rhythm known as "bruit de galop". - The pulse was
totally irregular and unequal as regards rate, rhythm and
volume, Its force was diminished, its tension was low
and it had a "running"” character. In rate it varied
from 66 - 120 beats per minute,

Cardiac arrhythmia, hypotension, hepatic congestion
and ketosis remained until the 35th day when the symptoms
commenced gradually to recede. By the 40th day of ill-
ness the urine was clear, the liver could not be palpated,
the ‘heart sounds were of good quality, and the pulse was
regular. The patient was dismissed well on the 54th day.

2 .Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood choleéterol estimations
were made (1)nduring the acute stage of the illness, (2)
during the stage of secondary complications, and (35 after

.elinical recovery.

. Glucose Tolerance.

(1) b5th day of illness: 50 grams glucose.

1056 121 185 150 143 120 (Chart 72)
Glycosuria developed during test.

(2) 28th day of illness: 50 grams glucose.

76 168 162 124 110 115 (Chart 73 )
Glycosuria absent during test. '

(3) 48th day of illness: 50 grams glucose,

100 168 164 120 106 108 (Chart 74)
Glycosuria absent during test.

Blood Cholesterol,

(1) b5th day of illness, 218 mgms, per 100 c.,cms. blood,
(2) 28th day of illness, 2556 " " J00 W p
(3) 48th day of illness, 225 " ® 100 "

1n
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3, Nate.

During the acute stage the blood sugar curve showed a
defect degree of’ delay in the removal of the excess of
blood sugar associated with the development of glycosuria
during the test. Acetone and diacetic acid were present
in the urine. The second glucose tolerance test showed
a fasting hypoglyceenia and s persistence of the storage
deféct, though on this occasion glycosuria. did not result
from the test. After recovery the blood sugar curve was
almost normal. The blood cholesterol was remarkably high
especially during the stage of secondary complications,
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CASE 35. -

J, Haddow .eveevev.... Age 18 years.
Adm;itted- .‘.'.‘v‘...v_"“!. 17:5:55.
-Dayof IllneSS Teveseese’ Sixth.

’ Dismissed soev e e e o0 21:4:55- )
C.lassj.ficatien o800 000 Modera'be.
Thro&t S‘W&b tesse 0000 POSitiveo
An.titoxin ..""‘.‘.'.. 25’000 wits.
Journal Reference .,... Ward 2 East.

A -~ o S Sy WPy O Sum W w— v~

1, History.

The throat was infiltrated and the tonsils were covered
with numerous small patches of membrane. The glands at
the angles of the jaw were palpably enlarged and orsl
foetor was present. The face was flushed and cirecum orsl
ballor was present. On admission the temperature was
900F and the pulse rate 84. The heart sounds were pure
and distinet and the second sound at the aortic base was
accentuated. The urine contained albumen in slight

traces. 25,000 units of antitoxin were administered

intramuscularly,

The temperature and the pulse rate were normal on the
8th day. Albuminuria ceased on the 10th day and the throat
was finally clesr on the 12th day. The further progress
was wneventful and the patient was dismissed well on the

41st day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol'were estimated
(1) during the acute stage, and (2) after recovery.

Glucose Tolerance,

(1) 7th déy.of illness: 50 grams glucose,

118 156 102 115 106 110 (Chart 75)
Glycosuria absent during test.

(2) 52nd day of illness: 50 grams glucose,
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102 131 174 108 112 105 (Chart 76 )
Glycosuria absent during test,

Blood Cholesterol.

(1) 7th day of illmess, 128 mgms, per 100 c.cms, blooa.
(2) 32nd dey of illness, 174 0 "o100 " '

S.iNote.
The glucose tolerance testsvshbw no departure from
normal except a fasting hyperglycaemia during the acute

stage of the illness. At this time, however, the blood
cholesterol was markedly reduced in amount.

o e e G o S i i 9 e S
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CASE 36. -

D, Coampbell seseessccsveessnsse Age 19 years.

Ad.mitted. ® @ 0 8% 000 P L0 S OSSO ESIPESES 25:5:550
.Day Of illneSS'l..,.-.-.....a... Thil‘d..

DismisSed eecscrecccsovsccrncnses 14:14:33,

Classification sseeesevesesesss Mild,

Throat swaD sseseesssvessceeses Positive,

Antitoxin ceseeccescnrcecconses 6,000 units,
Woard 1 East,

e e Ll e L R )

L. History.

Follicular exudate was present on both tonsils, The throst
was markedly inflamed and foetor oris was present. There was
no glandular enlargement. On admission the temperature was
102,.,20F,, and the pulse rate 112. The heart sounds were pure
and of normal intemnsity, and the pulse was regular in rate,
rhythm and volume. The urine was clear., The throat swab was
positive and 6,000 units of antitoxin were injected intramus-

cularly.

The throat was clear on the 8th day and the patient was
dismissed well on the 25th day.

2. Glucose Tolerance and Blood Cholesterol.
erol were estimatedvdufing

Glucose tolerance and blood cholest
the acute stage of the illness. a

Glucose Tolerance.

4th day of illness: 50 grams. glucose,

108 163 105 130 105 110 (Chart 77).
Glycosuria absent during test, - _

Blood Cholesterol.
4th day of illmess: 153 mgms. per 100 c.cms. of blood.

5. Note.

The case was one of mild diphtheria. No abnormality was
found in the blood sugar, glutose tolerance or blood cholester-

ol.
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CASE .37,

Ao FOO'&,.;...‘..,..-...’,. Age 7 yearSo :
Ad.mitted RO 2 30 A I B BRI Sy 29:3:53. 7 .
Day of Illness .ue.... Fourth.
Dismissed svsevecneses 3:5:33,
Classification ....... Mild.

Throat Swab .......... Positive.
Antitoxin ..vevusnn..., 8,000 units,
Journal Reference ,,., Ward 1 East.

1 . History *

The tonsils were enlarged and follicular exudate was
present on both, Foetor oris gnd glandulsr enlargement
were absent. There was slight congestion of the palate.
The colour was: pale and there was no lividity nor cyanosis
of the complexion. - On admission the temperature was .
98.40F and the pulse rate 112. The heart sounds were
somewhat soft and the second sound was sccentuated, The
pulse was regular in rate and rhythm, of good volume,
inereased force and high tension. Acetone and diacetic
acid were present in the urine, 8,000 units of antitoxin

were injected intramuscularly.

’ On the 7th day the pulse rate was normsl. The throat
was clear on the 9th day and ketone bodies were absent from
the urine. - The further progress was uneventful and the

- patient was dismissed well on the 39th day.

‘2. Glucose Tolerance and Blood Cholesterol.

Glﬁcose’téierance and blood cholesterol were estimated (1)
~ during the acute stage, and (2) after recovery. : a

. Glucose Tolersnce.

(1) 5th day of illness.
109 172 184 105 110 106  (Chart 78)
.. Glycosuria absent during test.
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(2) 30th day of illness. - | |
82 180 160 - 78 89 85  (Chart 79)
Glycesuria absent durlng test : :

Blood Cholesterol.

(1) b5th day of 1llness, 136 mgus. per 100 c.cms, blood.
(2) 20th day of 1llness 224 M o 100 n

S NO'beo

The only abnormality revealed by the glucose tolerance
tests was a hyperglycaemis in the fasting blood during the-
toxic stage.  The blood cholesterol was sbnormally low.
Fasting blood.sugar, glucose tolerance and blood cholesterol
showed no departure from normal when cllnleal recovery wes

establlshed. ' )

DL e v 0 S S T e S T M e s
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CASE 38.,.

- A. Cothill .vecvveeeves Age 5 years.”
"J.A;dmitted.:"».’uodio;n'.“..J‘ 5:4’:55. o
Day of Illness see.... Fifth,
Dismiss ed*._..... sesees D:5:33,
Clagsification ......., Moderate.
- Throat Swab 4eeesesss. Positive.
Antitoxin .seeeeeeenes. 16,000 units,
-Journal Reference ..., Ward 1 BEast.

L, Historsz .

Both tonsils were enlarged and extensively covered with
'loosely adherent yellowish-white membrane.,  The fauces and
soft palate were markedly infiltrated and foetor oris was-
present, Both tonsillar glands were slightly enlarged
and tender.- On admission the temperature was 98.4°F ang
the pulse rate 104. The face was pale but eyanosis and
lividity were absent., On auscultation the first cardiac
sound was muffled and the second sound was accentuated.
The pulse was regular in rate and rhythm. Acetone and
diacetic acid were present in the urine. 16,000 units
of antitoxin were administered intramuscularly,

The urine was clear on the 7th day and the pulse rate
- fell to normal on the 8th, Exudate remained until the 10th
day, the throat being finally clear of infiltration and
congestion, and the glands normal, by the 12th day. The
further progress was satisfactory and the patient was dis-

missed well on the 37th day.

2. Glucose Tolerance and Blood Cholesterol.

The glucose tolerance and blood cholesterol were investi-
gated (1) during the acute stage, and (2) after recovery.

Glucose Tolerance,

(1) 6th day of illmess: 20 grams glucose,

94 196 135 116 121 114 (Chart 80)
Glycosuris developed during test, A
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(2) 28th day of illmess: 20 grams glucose,

85 . 169 126 . 90 81 92 (Chart 81)
Glycosurla absent during test.

Blood Cholesterol.,.

(1) 6th day of 111ness, 203 mgms. per 100 c.oms. blood.
(2) 28th day of illness, 7z " " 3100 ©

3. Note. .

During the toxic stage the blood sugar curve shows a
definite degree of delay in the removal of the excess of
sugar from the blood, and o maximum concentration in ex-
cess of the renal threshold with coincident excretion of
- sugar in the urine. The fasting blood sugar level is

Acetone and diacetic acid were present

slightly raised.
i After recovery no abnormelity was detect-

in the urine.
ed. The blood cholesterol throughout was within normal

limits, though somewhat inereased in amount, during the
toxic stage when compared with the value after recovery.
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H._:.G'ra.nt}ro..»'.r.a..-,... Age 7 years.
Ad.mitted.-.‘o—ooo:‘o,_oooooc:o 5:4::55. .
‘Day of Illness «.e.... Fourth,.
Dismissed ceecoccosses 12:5:33,
Classification eeeess..Severe,

Throat Swab ceeee.oess Pogitive,
Antitoxin eceecevseeess 45,000 units.

CASE 39.

- B 0 . s e . - -

1. History.

The throat was very congested and infiltrated with
oedema. . Both tonsils were completely covered with greyish-
black membrane which extemded backwards across the palatal
arches to cover the uvula and forwards on to the hard
palate. TFoetor oris was intense and the glands at the
angles of the jaw formed two large painful swellings, On
admission the temperature was 1l02.20F and the pulse rate
140. The face was pale and livid. The pulse was rapid
and regular, of moderate volume and increased force. The
tension was high. The heart sounds were regular in rate
and rhythm but of muffled gquality. There was slight
shortening of the first sound and the second sound was
accentuated., Albumen, acetone and diacetic acid were
present in the urine. 15,000 units of antitoxin were
injected intramuscularly and on the following day a further
intravenous injeetion of 20,000 units was given.

The pulse, which had become irregular on the 5th day,

continued to be so, and varied between 90 and 110 beats
per minute until the 9th day. The arrhythmia took the : -
form of extrasystoles. The throat was clear on the 10th
. day, but ketone bodies and albumen continued to be present
in the urine. - .. ' RPN A : T

 Cardiac arrhythmia persisted until the 12tH day, until
which time the temperature also tended to0 be subnormsl.
During this period weakening of the first cardiac sound and
reduplication of the second sound, particularly at the
pulmonic base, were noticed.. The urine was clear of acetone
and diacetic acid..on the 15th day, and of albumen on the
22nd day. The further progres§ was uneventful and the patient

was dismissed on the 42nd day. . .
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2. Glycose Tolersnce and Blood Cholésterol.“v

Gluddse‘tdlérance’éﬁd‘blbbd‘cholesferql were estimated
(1) during the acute stage; (2) after the disappearance of
- the aceute symptoms, and (55 wheh recovery was established.

Glucose Tolerance.,

(1) 6th day of illness: 30 grams glucose,

93 187 152 110 107 104  (Chart 82)
Glycosuria developed during test.

(2) 15th day of illness: 30 grams glucose,
78 173 147 83 - 92 87 (Chart 83)

(3)  35th day of illness: 30 grams'glucose.
80 163 127 93 82 87 (Chart 84),
Blood. Cholesterol. ‘

(1) 6th day of illmess, 98 mgms, per 100 c,.,cms blood.

(2) 15th day of illness, 157 " noJ00 n "
(3) 35th day of illness, 163 " " 100 " n
3. Notee

' The case was one of severe faucial diphtheria in which
glucose tolerance tests revealed a definite defect in carbo-
hydrate metabolism. The first blood sugar chart shows a
fasting hyperglycaemia and a point of maximum concentration
in excess of the renal threshold with glycosuria. The
removal of the excess of blood sugar was delayed., - During
this stage acetone and diacetic acid were present in the
urine and the blood cholesterol was markedly reduced in

amount.

On the 15th day of illness the urine was clear of acetone
and diascetic acid and the general condition was much im-
proved. The blood sugar curve was now almost normal though
the blood sugar concentration did not fall to the fasting




level within the period of 2§ observed. The blood
cholesterol was now within normel limits. :

- e - — - - - - - ‘
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CASE 40.

T.Smellie seeeecseseece AgE 8 years.
Admitted @ s 000000 s 088009 8:4:55.

Day of IllnesSs .eee.ee Second,
Dismissed seeesceveees 12:5:33.
Classification ....... Moderate.
Throat Swab ......0... Pogsitive.
Antidboxin .eeveevvvess 16,000 units,

1, History.

The patient was pale and looked toxiec, Both tonsils
were enlarged and extensively patched with yellow-white
membrane, The glands at the angles of the jaw were
slightly enlarged and oral foebtor was intense. The soft
palate was congested and infiltrated with oedema. On
admission the temperature was 1020F and the pulse rate 120.
The complexion was tinged with cyanosis and ashen pale.

- The pulse was regular in rate and rhythm, full, of increased
force and high tension. The heart sounds were normally
spaced but muffled, and accentuation of the second sound-
was observed. The urine contained acetone and diacetic
acid. 16,000 units of antitoxin were administered intra-

muscularly.

The temperature was normal on the 3rd day, and the urine
was clear on the 5th day. The pulse rate fell to normal
on the 6th day of illness. The throat was completely
clear of exudation and infiltration by the 10th day of ill-
ness and the glands were then normal. Albumen appeared
in the urine on the 9th day and persisted in traces until
the 15th day of illness. Thereafter progress was unevent-
ful and the patient was dismissed well on the 36th day.

2. Glucose Tolerance and Blood Cholesterol,

Glucose tolerance and blood cholesterol were investigated
(1) during the acute stage, and (2) after recovery.

3
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Glucose Tolerance.

(1) 3rd day ijillness- -80 grams glucose.

116 - 168 134 120 132 130  (Chart 85 )
Glycosurla absent during test., _

(2) 29th day of 1llness 30 grams glucose.

90 170 125 96 87 95  (Chart 86 )
Glycosuria asbsent during test.

Blood Cholesterol.

(1)  3rd- day of illness, 154 mgms. per 100 c.cms, blood.
(2) 29%h day of illness, 162 ¥ 10 o

B Note.

Durlng ﬁhe toxlc stage the glucose tolerance test showed

a fastlng hyperglycaemla and delayed storage without the
development of glycosuria. ‘Acetone and diacetic acid were

present in the urine.  The blood cholesterol was within
normal limits. After recovery the:fastlng blood sugar and

glucose tolerance were normal. SEN
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CASE 41. -

R, Hewitt ..ceveessees AgE 7 years.
Admitted eeeeccoceroes 24:5:33,

Dgy of illness ....... Sixth.
Dismissed sevececeoess 10:7:33.
Classification ....... Severe.
Throat Swab eeeecees.s Positive,
Antitoxin eeeeieeenees 31,000 vnits..
Journal Reference .... Ward 2 BEast.

l, History.

The tonsils were enlarged until they almost met in the
mid line. Their apposing surfaces and the soft palate
were extensively covered with yellowish~-white membranous
exudate. There was marked infiltration and congestion of
the soft palate and the peritonsillar tissues. The bresth
was foetid and the glands at the angles of the jaw were
visibly enlarged and tender. On admission the temperature

was 980F gnd the pulse raie 100.

The colour was pale and the complexion had an ashen,
cyanotic hue. The pulse was regular, rapié, of small
Yolume and decreased tension. The heart sounds were soft
and distant and the first sound was decidedly weak. ‘he
urine contained-acetone and diacetic acid, 16,000 units
of antitoxin were administered intramuscularly and on the
Tollowing day e further injection of 15,000 units was given

intravenously.

The temperature and the pulse rate were normal on the
8th day of illuess. The urine was clear on the 10th and
exudation disappeared from the throat on the 12th &ay. On
the 14th day cardiac arrhythmia developed. The pulse was
irregular in rate and rhythm, the irregularity taking the
form of extrasystoles with a tendency to coupling of the
beats. ihe force and tension of the pulse were diminished.
The first cardiac sound at the apex was shortened. On the
15th day reduplication of the first sound with typiecal
"gallop rhythm" was noticed. Cardiac arrhythmia remained
until the 19th day of illness. During this period the pulse
rate varied from 90 = 120 beats per minute and the urine
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conteined acetone andndiacetie acid, On the 22nd day
the general condition was much improved, the cardiac rhythm

was regular and the urine was clear. Progress was main-
tained and the patient was dismissed well on the 53rd day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were investi-
gated (1) during the acute stage, (2) during the stage of
cardiac arrhythmia, and (3) after recovery.

Glucose Tolerance,

(1) 8th day of illmess.

100 225 175 143 118 115 (Chart 87)
Glycosuria developed during test.

(2) 16th day of illness.
73 172 135 89 96 95 (Chart 88)
Glycosuria absent during test.

(3) 42nd day of illness.

86 169 134 90 90 92 (Chart 89)
Glycosuria absent during test.

Blood Cholesterol.

(1) 8%th day of illness, 91 mgms, per 100 c.cms blood.
J

(2) 16th day of illness, 220 " " o300 M "

(3) 42nd day of illness, 167 " mo100 M "

3, Note,

The case was one of severe faucial diphtheris admitted
far advanced in toxaemia. During the acute stage of the
illness there was a state of hyperglyceemia with inability
to store or utilize carbohydrate with resultant glycosuria.
Acetone and diacetic acid were present in the urine. The
blood cholesterol st this time was markedly decreased.
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When cardisc arrhythmis developed the abnormality in

carbohydrate metabolism was still present, though glyco-
suria did not result. It is notable that the fasting

blood showed a hyp oglycaemia while the blood cholesterol
had undergone a substantial increase. Clinical recovery
was associated with normal findinga with regard to fast-

ing blood sugar, glucose tolerance and blood cholesterol.
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CASE 42. .

A, Neilson ceeeeeeeses Age 8 years.

Admitted eceoccscosess D:6:33.
Day of Illness secce.s Second.
Dicmissed eeescecsescss 10:7:33.
Classifieation ++..... Moderate.

Throat Swabd e.eese.... PoSitive,
A.n‘bitoxin ® & 0 0 8 8 & 0 900 0 0 16’000 wits.

Journal Reference .,... Ward 2 East.

- . o s o B -

l. History.

The palate and fauces were inflamed and oedematous.
Both tonsils were enlarged and covered with numerous small
patches of yellowish-white membranous exudate. Foetor
oris was absent and glandular enlargement was only slight.
On zdmission the temperature was 100.29F and the pulse rate
130. The colour was good though the patient was somewhat
pale. The heart sounds were pure but soft and muffled
and the second sound was accentuated at the aortic and ’
pulmonery velve areas. The pulse was regular in rate and
rhythm, of good volume and increased force and tension.
Acetone znd diacetic acid were present in the urine.
16,000 units of antitoxin were administered intramuscularly.

The temperature fell to normal on the 5th day and the
urine was clear of acetone and diacetic acid., The pulse
rate however remained elevated, varying from 90 - 110 beats
per minute, and a slight irregularity was observed also in
its rhythm, in the form of premature beats with compensa-
tory pause. Exudate dissppeared from the throast on the

6th day.

On the 7th day an urticarial rash developed, commencing
at first in the vicinity of the serum injection and later
becoming generalised. It was associated with oedema
especially of the face, hands and feet, the face haviﬁg a
particularly "bloated" appearance. The wrist, the elbow
the knee and the ankle joints were enlarged and painful. ’
The temperature was slevated to 1010F and the pulse rate
was 120. The first cardiac sound was so shortened as to
be almost inaudible and loss of. accentuation of the second
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sound was noticed. The pulse decreased in force and
dininished in tension, had a particularly "rumning" char-
acter. The colour was poor and tinged with ashen cyanosis.
Albumen, acetone and diacetic acid were present in the urine

On the 8th day the symptoms were less severe. No fur-
ther vomiting had occurred and the rash had faded. Swell-
ing of the joints persisted until the 12th day, when the
urine also became clear. On the 13th day the temperature
and pulse rate were normal and the heart sbhunds had improv-
ed in quality. The pulse was regular in rate and rhythm.
Its tension gnd force were normsl.

Progress was maintained without further event and the
petient was dismissed on the 37th day of illness.

Although the original inguiry regarding previous serum
injection was answered in the negative by the parents, it
later transpired that, four years previously in America,
the patient had been given "an injection for a cut knee",.
Presumably the injection was a prophylactic measure against

tetanus.

2. Glucose Tolersnce and Blood Cholesterol.

Glucose tolerance and blood cholesterol were investi-
gated (1) during the acute stage, (2) during the stage of
serum sickness, and (3) after recovery.

Glucose Tolerance.

(1) 3rd day of illness: 30 grams glucose,

103 1le7 182 149 116 122 (Chart 90 )
Glycosuria developed during test.

(2) 7th day of illness: 30 grams glucose.

65 169 140 113 102 90 (Chart 91)
Glycosuria absent during test.

(3) 32nd day of illness: B30 grams glucose.

89 150 124 93 =~ 95 95 (Chart 92 )
Glycosuria sbsent during test,
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Blood Cholesterol.

drd day of illmness, 105 mgms, per 100 c.cms. blood,

(1)

(2) 7th day of illness, 179 " " 100 ¢ "
(3) 32nd day of illness, 165 " w100 T "
3, Nobe.

Fasting hyperglycaemia delayed storage and a point of
maximum concentration in excess of the renal threshold
with glycosuria were deduced from the first glucose toler-
ance test. Ketone bodies were present in the urine and
the blood cholesterol waw sbnormally low. On the 7thbday
serum sickness developed when hypoglycaemia and delayed
- storage were present. Ketone bodies were again present
but the blood cholesterol was now within normsl limits.
Further estimations after recovery gave normal results for
fasting blood sugar, glucose tolerance and blood cholesterol.

-—— e P " — s g Gl . - -~ w— -
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CASE 43,

D. Boyle teveveenreessasenesss Age 9 years.
Admitted seeeevevveocccnceenes. 9:6:33,

Day of i11lness seveeeseesssesse Third,
Dismissed seeecesceceresnssens 14:7:33,
Classification ® 0 & 8 8 & 0 0 0 000 s e LIild.

Throat Swab eeseeerecrecnnsoss Positive,
Antitoxin eeveveveceesenseeaes 6,000 units,
Journal reference ...cceveeeee. Ward 1 Fast.

- " - g G e St g G S N -

1. History.

The throat was inflamed and the tonsils were enlarged. A
patch of membPanous exudate was present in the left tonsil.
B oth submaxillary glands were enlarged and tender. Foetor
oris was present. On admission the temperature was 99,40F.
and the pulse rate 110. No abnormelity was detected in the
heart on auscultation. The pulse was regular in rate and
rhythm. Acetone and diacetic acid were present in the urine.
The throat was clear on the 8th day and the patient was dis-

migsed well on the 37th day.

2. Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated on
the 4th day.

Glucose Toleragnce,

4th day of illness: 30 grams. glucose.

97 163 120 95 100 100 (Chart 93)
Glycosuria absent during test.

Blood Cholesterol.

4th day of illness: 157 mgms. per 100 c.cms. of blood.

5, Note.

The estimations show no departure from'normal with regard
to blood sugar, glucose tolerance and blood cholesterol,
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CASE 44..

Fo. Allan eecevecoseses Ago 7 years.
Admitted eeevececcessces 12:6:33,

Day of Illness +s.essee Ninth,
Dismissed eeseveoessee 6:9:33,
Classification e¢eees. Severe,
Throat SWaD eeceeesses. POsitive.
AntitoxXin eececesssses 24,000 units.
Journal Reference .... Ward 2 East.

. - — - e = -

1l, History.

The patient was admitted on the 9th day of illness.
24,000 units of antitoxin had been administered intramuscu-
larly on the 3rd day of illuness. There was no exudate on
the throat on admission, but the tonsils, peritonsillar
tissues and the soft pelate were inflamed and oedematous.

The face was pale an& cyanosed. On admission the
temperature wes 980F and the pulse rate 100. The heart
sounds were soft and distant, both the first and second
sounds having a nuffled gquality. The pulse was rapid,
regulsr, increased innforce, and raised in tension. The
urine conteined albumen, acetone and diacetic acid.

Nagal speech was observed on the 1lth day of illness,
snd on the 13th d=y complete palatal paraslysis with regur-
gitation of fluids developed. The pulse rate remained
in the vicinity of 100 beats per minute and was regular
until the 20th day of illuness when a marked arrhythmisg
developed. Reduplication of the first cardiac sound with
typical gallop rhythm wes present and premature beats ap-
peared in sbundance. On the 22nd day the liver was en-
lerged and tender on palpstion.,  Albuminuria was not ob-
served =fter the 19th dsy of illness, but acetone and 4i-
acetic acid were still present. On the 23rd and 24+th days
of illness vomiting occurred, in a1l on three occasions, bdut

was not troublesome thereafter.
On the 26th day the symptoms had azbated and the general

condition was nuch improved. The heart's action though
now vegular in rate and rhythm, was still rapid, and nasal
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speech and regurgitation were troublesome.

Regurgltation of flulds persisted until the 34th day.
The urine was clear on the 28th day and speech was greatly
improved by the 43rd day. The pulse rate had graduslly
fallen to normal, and the pulse was now regular in rate
and rhythm end of moderate volume and tension. Speech
was normal on the 48th day. The further progress was
without event and the patient was dismissed well on the

95th day.

2. Glucose Tolerance snd Blood Cholesterol.

Glucose tolerance and blood cholesterel were investi-
gated (1) when palatal peralysis developed, (2) during
the stage of cardiac srrhythmia and hepatlc congestion,
(3) when the symptoms were aebating, and (4) after recovery.

Glucose Tolerance.

(1) 14th day of illness: 30 grams glucose.

78 207 139 107 113 110 (Chart 94)
Glycosuria developed during test.

(2) 22nd day of illness: 30 grams glucose.

64 193 clotted 116 100 94 (Chart 95)
Glycosuria developed during test.

(3) B0th dsy of illness: 30 grams glucose.

73 169 95 100 104 o7 (Chart 96)
Glycosuria absent during test.

(4) 80%th day of illness: 30 grams glucose,

84 150 163 87 90 90 (Chart 97)
Glycosuria absent during test,

Blood Cholesterol.

14th day of illmness, 231 mgws, per 100 c. oms , blood,
22nd day of illness, 287 - " 100 n
%0th day of illness, 233 " " 100 1 n
80th day of illness, 152 n " 100 n n

FUNETN N N
PSR
P T,
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be Notes

The case was not studied during the acute stage. When
palatal parslysis developed, a glucose tolerance test
showed delay in storage and a point of maximum concentra-
tion above the renal threshold with excretion of sugar
in the urine. An almost similar state of affairs existed
when cardiasc arrhythmia supervened, and the fasting blood
showed a definite degree of hypoglycaemia. When the
symptoms were abating the glucose tolerance test differed
only in degree, glycosuria being absent on this occasion.
The "urine, throuvghout, contained acetone and diacetic acid
and the blood cholesterol was abnormelly high.

On the 80th day the patient's condition was entirely
satisfactory and a further glucose tolerance test was
normal. The blood cholesterol as compared with previous
vaelues showed a sharp diminution.
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Case 45.

A, Bradford ¢«v.ce0c0.0.0.0 Age 6 years,
Ad.:m.it—bed- o 0 e 0 e 002000000 0 14:6:65

Doy of IlInesSs seeseeseses Fifth,
Dismissed seiveveseceesss 20:9:33
Clgssification sevieceees Severe,
Throat swad ceeeeeseeees. Positive,

Antitoxin ceeeeeereereens
Journal Reference ....... Ward 2 Bast.

o . e o - - - S o S0 o s b s b e o

1., History.

The tonsils were markedly enlsrged and infiltrstion of
the peritonsiller tissues and palate was present. The
right tonsil was extensively patched with dirty yellowish
grey membrane which hed spread across the right palatal
arch to invest the uvula. Foetor oris was intense. The
tonsillar glsnds were slightly enlor;ed,

The complexion was pele end sn eshen cyanotic tint
wes present. The hesrt sounds were soft and muffled,
The pulse was rapid end reguler, of small volume and low
tengion. The vrine contained albumen, acetone end di-

scetic acid.

The tempersture was normel on the 8th day of illness,
but the pulse wes still ol poor quslity, irregulsr and
slightly increased in rete. The urine was clesr of =sce-
tone znd discetic acid on the 1lth day of illness. On the
14th day complete valatel paralysis and regurgitetion were
present. The pulse wes ggein rspid =nd irregulsr. The
left border of csriisc dullness extenied ¢ beyond the
nipple. The liver vas enlesrged and palpasble 1% below
the costel mergin. Voniting became trouhlesome on the
16th dey =nd ascetone and dizcetic scid were again present
in the urine, Vomiting persisted until the 27th day, when
the pulse rate was more regulsr, thoush still rapid, The
urin: wes now free of acetone and diacetic 2cid. The urine
wes finally clear of slbumen on the 35th dey. The pulse
wes regular in rate and rhythm, snd of improved suelity, on
the 47th dey. Regurgitetion remained until the 30th day,
but normsl speech wzs not resumed until the 68yh dsy. There-
sfter progress was satisfactory; if slow, and the patient
wes dismissed on the 103rd day of illness.
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2. Glucose Tolersnce =and Blood Cholesterol.

Glucose tolerance snd blood chnolesterol were estimated
(1) during the toxic stage, (2) during the stage of card-
iac involvement and paralysis, and (3) after recovery.

Glucose Tolersnce,

(1) o6th day of illness: 30 grams. glucose,

o]

75 213 clotted 169 145 136 (Chart 98)

Glycosuria developed during test.,
(2) 15th day of illness: 30 grams glucose.

93 168 1473 118 107 110 (Chart 99)
Glycosuria absent during test.

(3) 45th day of illness: 30 grams glucose,

84 154 120 100 105 100 (Chart 100)

Blood Cholesterol.

(1) 6th day of illness, 136 mgms. per 100 c.cms. blood.
(2) 15th day of illness, 168 mo100 M u
(3) 45th day of illness, 183 mo100 "

5. Note,

The initial blood sugar curve revesled a low valme for
the fasting blood sugar, e definite delay in the fzll of the
curve, a high maximum concentration snd glycosuria. The
blood cholesterol was sbnormslly low. Ketone bodies were
present in the urine. During the stsge of paralysis and
cardisc involvement the leg in the blood suger curve was
sti11l present, but glycosuria was ebsent znd the fasting
blood suger was normel, The concentration of blood chol-
esterol wes normel =2t this stege. Two deys later ketosis
with voniting supervened. A Turther glucose tolerance test
cerried out sfter the subsidence of the acute symptoms showed
a2 low Testing blood sugar =ond 2 slight delay. Glycosuris

A

wes ebhsent,
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CASE 46,

A, Smith eeceeseeesss. Age 18 years.
Admitted eoececececess 6:7:33,

Day of Illness ....... Third,
Dismissed eoeeeecsosss 11:8:33,
Classification ¢e..... kild.

Throat Swab .eeeeeee.. Positive.
Antitoxin .es00000e0., 12,000 units,
Journal Reference .... Vard 2 Bast.

- e un o wm Gas o P G - o

1l. History.

Both tonsils were enlarged and on each filmy yellowish-
white membrane was present, The soft palete was slightly
inflamed and the breath was foul. There was no glandular
enlargement. On admission the temperature was 100.6°F and
the pulse rate 108, The pulse was regular in rate and
rhythm, full and bounding. The heart sounds were normal
in rhythm and forceful but slightly muffled. The urine
was clear. 12,000 units of antitoxin were injected intra-

muscularly.

The temperature and pulse rate were normal on the 6th
day and the throat was free of exudate and inflammation on
the 9th day. The further progress was satisfactory and the
patient was dismissed well on the 38th day.

2, Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and hlood cholesterol were estima-
ted (1) during the acute stage, and (2) after recovery.

Glucose Tolerance.

(1) 5th day of illness: 50 grams glucose,

106 165 120 108 103 1056 (Chart 101)
Glycosuria absent during test.
(2) B4th dey of illness: 50 grams glucose.

9% 159 131 99 . 102 95 (Chart 102)
Glycosuria absent during test, ,
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Blood Cholesterol,

-

(1) 5th day of illness, 175 mgms., per 100 c.cms, blood.
(2) 34th day of illness, 182 " " 100 "

d. Note.

The case was one of mild faueial diphtheria in an adult.
No departure from normal was present in glucose tolerance,
blood sugar, or blood cholesterol.

- T G S S Y . S - G- - B T D S en " -
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Case 47,

D' Smith“".‘......’... Agevyears.
Admj--tted- & & &6 & 0 8 8 0 0 0 0 0 0 0 16:8:550
Da;y Of Il]IlESS ® e e 0 00 0 0 FiI’S't.
Dismissed eoeeecesescses 16:9:33,
Classificetion ov.eevss. Mild.

Throat sweb ceeeveesss. Fositive,
Antitoxin ...e000eevse. 4,000 units.
Journal Reference ..... ard 1 BEast.

1., History.

The tousils were enlarged and folliculer exudate was
present in each. Foetor oris and gleandular enlargement
were absent. On adnission the temversture wes 102.,2°F,
and the pulse rate 110. The pulse was reguler in rate
and rhythm, of full volume and high tension. The heart .
sounds were forceful snd the sccond sortic sound was accen-
tusted. The urine contained acetone gnd diacetic acid,
The throat swab vas positive and 4,000 uvunits of antitoxin
werc injected intramusculerly. The urine was clear on
the 4th day and the throst was normal by the 7th day. The
patient wes disnissed well on the 3lst day.

2, Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
(1) during the scute stage, and (2) after recovery.

Glucose Tolerasnce.

(1) ond day of illness: 30 grams, glucose.

113 185 153
Glycosuria absent during test.

(2) 13th day of illness: 30 grams. glucose,
7

8
Glycosuris aebsent during test.

126 120 120 (Chart 103)

150 103 82 90 93 (Chart 104)
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Blood Cholesterol.

(1) ond day of illness, 123 mgms. per 100 c.cms., blood,
(2) 18th & n 1

ay of illness, 169 " T 100

5. Note.

During the acute stage of the illness the glucose tol-
erance test showed a fasting hyperglycaemle, a maximum
concentration beyond the renal threshold and a marked
delay in storage. The blood cholesterol was abnormelly
decressed, Wien the toxasemia had subsided the blood
cholesterol, glucose tolerance and Tasting blood sugar
were normel. '

|
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CASE_48.

Je MCVEY eeessceceeees Age 10 years.
Admitted ® 0 & 060 06 00 s 0 000 12:9:55.

Day of Illness ....... Fifth.

Died @ 0 O 0 0 9 0 0 0 S 0 s 000 14:9:55.
Classification ....... Severe.
Throat Swab «.vveee.., Positive,
Antitoxin ..eee00e0e.0 60,000 units.

Journal Reference .,... Ward 2 East.

e el L R

1. History.

The tonsils, peritounsillar tissues and soft palate were
considerably enlarged with oedema, the combined swelling
comgetely blocking the pharynx from view. The greatly
swollen parts were thickly plastered with tough, adherent
greyish-plack membrene., The breath was foetid and the
tonsillar submaximally and sublingual glands formed large
painful swellings around the neck. A sero-purulent
rhinorrhoes exuded from the nostrils. The complexion had
a dusky cyanotic hye, gnd there were numerous small pur-
puric spots scattered over the neck and the upper part of
the chest. On admission the temperature was 99°F and the
pulse rate 108, The pulse was reguler in rate and rhythm,
and thready. The heart sounds were faint and distant, the
first sound being shortened. Acetone and diacetic acid
were present in the urine. 40,000 units of antitoxin were
injected intramusculerly and 20,000 units intravenously.

On the 6th day of illness the temperature was subnormal
and the cardiac rhythm irregular. Gallop rhythm, coupling
of the beats, loss of accentuation of the seepnd sound at
the base and & running pulse spoke to the failing state of
the circulation. On the 7th day the liver was palpable
below the costal margin and vomiting of brown fluid occurred
on several occasiouns. scetone and diacetic acid were

present in the urine throughout.

The patient gradually became worse and died of cardiac
failure on the 7th day.
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2. Glucose Tolerance and Blood Cholesterol;

Glucose tolerance and blood cholesterol were investi-
gated on the 6th day.

Glucose Tolerance.

6th day of illness; 30 grams glucose,

70 193 16l 147 113 122 (Chart 105)
Glycosuria developed during test.

Blood Cholesterol.

6th day of illnesS,..se.. 293 mgms. per 100 c.cms. blood,

5. Note.

The case was one of severe faucial diphtheris terminat-
ing by cardiac failure on the 7th day. Cardiac failure
with hepatic congestion and ketosis were the main fegtures
of the case clinically. The blood sugar curve showed g
marked fasting hypoglycaemia, a point of maximum concen-
tration resulting in glycosuria and a definite failure to
asgimilate the excess of sugar from the blood. The blood
cholesterol was sbnormelly high,

A o A o B P o o ——




CASE 49.

JQ Scullon ® & 0 8 900 00 0 0 Age lO yearS.
~AGmitted eecescesences 25:9:33,

Day of Illness ....... Second.
Dismissed seeevecseeass 29:10;33,
Classification ....... Severe.
Throat Swab ceeeeeeess Pogitive,
Antitoxin ... 00000... 40,000 units.
Journal Reference .... Ward 1 FEast.

1., History.

The tonsils, soXt palate and uvula were oédematous and
thick adherent yellowish-white membrane extensively cov-
ered the parts. Oral foetor was pronounced and both
tonsillar glands were enlarged.

On admission the temperature was 100,89F and the pulse
rate 128. The pulse was regular in rate and rhythm and
runmning in character. The cardiac sounds were surpris-
ingly forceful, though soft and distant, snd the second
sound had a booming quality. The face was flushed and a
tinge of lividity was »nresent. The urine contained ace-
tone and diacetic acid. 20,000 units of antitoxin were
administered intramuscularly and on the following day a
further intramuscular injection of 20,000 units was given.

The tempercture and the pulse rate were normsl on the
4th day of illmness, the urine was clear on the 6th, and
membrane dissppeared from the throat on the 7th day. The
further progress wes uneventful and the patient was dismiss-

ed well on the 38th day.

2. Glucose Tolersnce and Blood Cholesterol.

Glucose tolerance and blood cholesterol were investi-
gated (10 during the toxic stage, and (2) after recovery.




Glucose Tolerance,

=

(1) 3rd day of illness: 30 grams glucose.

123 189« 155 147 139 131 (Chart
Glycosuria developed during test.

(2) 14th day of illness: 30 grams glucose,

97 174 136 100 102 98 (Chart
Glycosuria absent during test.

»Blood Cholesterol,

(1) 3%rd day of illness, 10l mgms. per 100 c.cms.
(2) 12th day of illness, 158 " T 100 n

3, Note.

203,

106 )

107)

blood.

During the toxic stage the blood sugar curve showed a
fasting hyperglycaemia, delayed assimilation of excess
sugar and a rise above the renal threshold at the 30 min-
ute interval, associated with excretion of sugar in the

urine. Ketone bodies were present in the urine.

The

blood cholesterol was abnormally decressed in amount.

- S S R A D W S . o
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Case 50.

R. ITittle svvvevveenssss Age 1l years.
Admitted .eeevecesecees 2:10:33,

Day Of Illl’leSS EEEREER] FirS'b.
Dismissed .e.eoeeceeees 1DB:11:33,
Classificationl eseeesee Severe,
Throat swab ¢vceveeeess Fositbive.
ANBIitOXIN eseeeosereses 52,000 units,
Journal Reference se... Watd 1 East.

- - o=

1. History.

The patient was admitted to hospital on the first day
of illness. Both tonsile, the soft palete =2nd the uvula
were covered with thick ryellowish-white membrane. Orsl
foetor was intense =nd both tounsillar glands were enlarged.

The pulse rate was 100 and the tempersture 99,.80F, The
throat sweb was positive end 32,000 units were given intra-

nuseuwlarly.,

Afcetone and discetic acid were present in the urine
during the first 4 days; the throat was clear on the 6th
dai. o complicetions developed during this period, dbut
on the 15th day an irregularity in the pulse rate with
tachycardia wes present. This continued +ill the 2314
day of illness, but no further estimations were carried out.
The patient was dismissed well on the 45th day.

o, Glucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated
on the 2nd snd 6th days of illness.

Glucosgse Tolersnce,

(1) 2nd dey of illness: 30 grems. glucose.

93 168 150 135 clotted 104 (Chart 108)
Glycosuric abserit during test.




(2) 6th day of_illness: 30 grams glucose.

96 163 146 122 93 98 (Chart 109)
Glycosurig absent during test. ‘

Blood Cholesterol,

(1) 2nd day of illness, 109 mgms. per 100 c.cms. blood.
(2) 6th dey of illness, 124 " m 100 " "

S. Note.

The case was one of severe diphtheria, admitted +o
hospital on the first day of illness, A glucose tolerance
test carried out on the second day showed a normal fasting
glycaemia, and g definite 1if slight delay in the fall of
the curve. Glycosuria was absent throughout the test.

The blood cholesterol was abnormally low,. An almost
giniler state of affairs was present on the 6th day. No
estimations are available beyond this stage.




.CHAPTER VII
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SUMMARY OF RESULLS.

Fifty cases of diphtheria were investigated.- These
were graded, according to the severity of the intoxication,
es mild, moderately severe, and severe, The mild and

moderately severe groups were comprised of sixteen cases
it r el ga

each while the severe cases numbered eighteen.

Glucose tolerance tests and blood sugar and choles-
terol'estimations were carried out, firstly during the
toxic stage of the disease, secondly upon the sdvent of
any complication of note and thirdly when clinical recovery
was assured. The last mentioned determinations were in-
tended to serve for comparison with the sarlier observations
in each case. Though this was the procedure adopted in
the majority of instances, the following constitute depar-
tures from it:

-Glucose tolerance was investigatéﬁ in Cases 4 and 28
during the toxic stage only, the condition of the pstients,
ater in the illness, being such as to render unjustifiable
the disturbanée occesloned by the administration of glucose
and the freguent withdrawal of blood specimens. idstimations
during the carly stages were not possible in Case 44, as

the patient was admitted fo hospital eight days after having
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received antitoxin and was not, therefore, suffering
from the acute effects of toxaemia. Case B0 was not

investigated during convalescence,

Blood Sugar.

O0f the forty-nine cases investigated during the toxic
stage, thirty-four revealed ebnormalities in the fasting
blood sugasr coucentration. Hyperglyceemia was present
in twenty-four cases, whilst hypoglycaemia occurred in ten.
An important observation made was the grester frequency
of the assgociation of hyperglycaemis with the mild snd
moderaste type of cese, and of hypoglycasemis with the severe
forn. Thus in the mild group consisting of sixteen cases,
hyperglyceemia was present in eight (Cases 8, 18, 22, 24,
27, 29, 37, 47) vwhilst hypoglycaemia occurred in one only
(Case 23). In the moderate group there was a greater inci-
dence of gbnormelity, twelve of the sixteen cases revealing
unusually high or low blood sugar velues. Hyperglycaemis
was presént in eleven (Cases 10, 13, 14, 20, 30, 31, 32, 33,
35, 40, 42) hypoglycaemis agein occurring in one only
(Case 5). 0f the eighteen severe cases investigated,

thirteen were abnormel in respect of blood sugar, but hypo~-
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giycaemié now showed the greater frequeney, being present
in eight (Cases 3, 11, 15, 19, 21, 28, 45, 48) hygergly~-
caemia occurring in the remaining five (Cases 4, 6, 9, 41,
49), It may be argued that the duration of the illness,
prior to meking these determinations, aécounts for the
fact that hyperglycaemia tends to be associated with the
less severe and hypoglycaemia with the more severe forms
of the disease. *" Diphtheria, how;ver, is én acute dis-
eese, generally with e well marked onset. In point of
time, therefore, the cases differ from each other, at the
most, only by a matter of a day or two. Such differences

are unlikely to render the results incomparable,

Glucose Tolerance,

Thirty-six cases of the series revealed a decrease
in glucose»folerance. The decrease, in this instence,
would seem to perallel more closely the sevefity of the
case., Thus it occurred in five of the sixteen mild cases
(Ceses 8, 16, 22, 25, 47), thirteen of the sixteen moder-
ately severe cases (Cases 1, Z, 5, 10, 13, 14, 20, 25, 31,
32, 38, 40, 42), and all of the seventeen severe cases

investigsted. The extent of_the decrease in glucose

[
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tolerance glso points to the tendency of the defect to
increase with .the degree of toxaemisa. In this respect

the occurrence of glycosuria is assumed to indicate a
greater inability'to utilise or store ingested cerbohydrate
in the usugl way, provided that such an ingbility is assoc-
iated with an abnormelly high blood sugar concentration.
Glycosuria is notably absent from the cases 6onstituting
the mild group. In the moderate group six of the cases

in which decreased sugar tolerance was present showed an
ebnormally high maximum concentration of blood sugar, the
tests belng eccompanied by glycosuria. In the severe
group, however, high maximumvconcentrations with glycosuris
were even more obbrusive accompaniments of the tolerance
tests, since these departures from normal occurred in all

of the cases in which tolerance for glucosgse was decreased.

Type of Blood Sugar Curve.

fxcluding the occurrence of glycosuria, the degree of
intoxication does not seem to be reflected in the type of
blood sugar curve obtained. The charts in the three groups
investigated foliow the same general tendency, namely an

ebnornally slow decline in falling to the festing blood sugar
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level, Such g curve is appropriately referred to as a
"lag curve", a term which has been applied to it by most

observers. The tendency for the blood sugar concentration
progresgively to rise after the administration of glucose,
as so charscteristically happens in the diabetic, is con-

spicuously sbsent from the cases under review,

Blood Cholesterol.

Twenty-seven of the forty-nine cases observed dur-
ing the toxic stage were abnormal in respect of blood
cholesterol. Of these twenty-seven cases, twenty-ane
showed abnormally low and six ebnormally high blood choles-~
terol values. It would appeer that hypocholesterolaemis
is a Tfrequent sccompaniment of diphtheritic toxaemia. That

is incidence would also appear to increase with the sever-
ity of the intoxication is a fair inference, since of five
mild, nine moderate and thirteen severe cases in which the
blood cholesterol was abnormel, hypocholesterolaemis occur-
red respectively in four (Ceses 8, 24, 37, and 47), seven

(Cases 1, 5, 10, 30, 3L, 34, =nd 43) and ten (Cases 4, 6, 9,

15, 26, 59, 41, 45

-
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Complications.

o complications were observed in the mild group. In
each case the illness took the form of a mild faucial diph-
theria progressing uneventfully to recovery.

In the moderately severe group three cases developed
complications (Cases 20, 32, 42). With regard to Case 20,
tachycerdia was a prominent symptom from the outset, and
on the tenth day arrhythmia developed. Vomiting and
ketosis were troublesome features of the cese, in which
evidence of myocardiﬁl.damage was also present.

Case 32 progressed satislactorily until the twenty-
seventh dey of illness, when an irregularity of cardiac
rhythn and tachycardia developed. Passive congestion of
the liver, vomiting cnd ketosis were also present.

The results obtained in both of these cases were
identical, decreased sugaf tolerance, low blood sugar and
high blood cholesterol constituting the ebnormslities
found., The hhird case (Case 42) was complicated by the
developnent of serum siclmess on the seventh day. Decreased
sugar tolerance was cgein in evidence, end the fasting blood
suger reached the abnormslly low figure of 65 mgms. per
cent. “he blood cholesterol ina this case was, however,

worine 1.
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The incidence of complications was greatest in the
severe group, nine of the eighteen cases investigated be-
ing involved. Paralysis, most frequently of the palate,
occurred as ﬁhe only abnormality present in Case 26,
Cardisc involvement was present slone in four cases (Cases
3, 19, 34, 41) while in four cases also (Cases 9, 15, 44,
45) psralysis and cardiac involvement were present to-
gether,

Three cases were normel in respect of blood sugar
concentration; the remaining six (Cases 3, 19, 26, %4, 41,
44) revealing a more or less marked hypoglycasemia, De-
creased sugar tolerance was present in all of the compli-
cetions investigated. An interesting observation was the
frequency with which hypercholesterolaemia occurred in the
complicated group. Seven cases (Cases 3, 9, 15, 19, 26,
34, 44) showed abnormally high values, the remaining two
being normal.,

In reviewing the complicated cases generally, one is
struck by the fact that decreased sugar-tolerance would
appear to be a manifestation, not only of the toxic stage
but also of its later seguelss, ilhether or not this later

deficiency was a progressive development from the ousset
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or merely a recurrence of the defect which had subsided
with the initisl toxaemia, is unfortunately not ascertain-
sble from the results of the investisation.

Only two of the complicated cases developed glyco-
suria during the tests for glucose tolerance. In both
instanfes these were of the severe type (Cases 9, 44), All
but one (Case 15) of the complicated group developed glyco-

suria during the toxic stage, however.

Fgatal Cases.

Four of the cases investigated died (Cases 4, 11, 28,
48). All of them were of the severe type. The results
obtained during the toxic stage are included in the account
of the severe cases already given. Subsequent determin-
afions were nade with the following results: In Cegses 4
and 11 further glucose tolerance tests were not practicable
Cases 28 and 48, however, showed diminished glucose toler-
ance and glycosuria just prior to death. Observations
nede ot the gsame time revesled marked degrees of hypo-

reocemis snd hypercholesterolaenis,
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Ketosis.
(1) .
Peters has shown how profound the condition of

Ketosis can be in diphtheria, persistent vomiting often
ocecurring in the absence of suiteble treatment in the more
severe formg of the diseswme.

{etone hodies are invariably preseunt in the urine
during the toxic stage. In the milder cases they are
usuvally slight and transient, but in the more severe forms
they are present in more marked degree and are of a more
persistat unature.

Hot only cre ketone bodies present in the urine during
the. toxic stage but they tend to occur in those cases which
develop complications during the illness.. Voniting is a
troublesome and often grave symptom of the prolonged dis-
ease and is frequently seen in cardisc cases associated
with hypotension. In this comnection it is interesting to

(2)

note the observation of lioor, who investigated the blood

pressure in cases of diphtheris and found, in the more severe
forms, a tendency for the blood pressure progressively to
fell after the third day of illness. If the fall continued
vntil the pressure was only 80 m.m. he found that vomiting

inverisbly set in. Lioor regards-"cardiac" vomiting as a
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mesns of increasing the cerehral circulation by compression
of the abdominal vessels, He has observed such vomiting
to raise the blood pressure by 62-68 m.m,

Cardisc vomiting vsuslly occurs in the second or
third week of the disease. Vomiting, however, need not
always be an ominous symptom, as it may occur relatively
early in the disease, when its occurrence is equivocal. It
mey then be due merely to toxaemis, to serum sickness, or
o grave cardiac involvement. ihether due to the last
mentioned or to the ketosis occasioned by the toxaemis, -
voniting introduces & vicious circle csusing a lack of
nourishment, the starvation which results bringing about
avating it if, already, it exists. It seems

ketoslis or agsr f,

a fair inference that in the majority of cases in which
ketosis exists without vomiting the initizl fasctor in deter-~
mining its onset is the toxasemia. ¥etosis, so arising,
will be seen, nszturally, during the toxic stages. Tater
in the disease the cardiac condition and hypotension may
be the means by which ketosls then reasserts itself.

With regard to the investigstion in hand, ketosis was

found to be en almost invariable cccompaniment of =211 cases

of diphtheria during the toxic stage. Ketogis and vomiting
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however, were only observed in comnection with the compli-

cated and fetal cases. Cases 20, 32 and 42 of the moder-

ate group and Cases 3, 9, 15, 34, 44 and 45 of the severe
group all developed complications during the presence of
which ketosls and vomiting were menifest. Thet ketosis
mey exist apart from vomiting in the complicated cases is
evidenced by the fzet that it so occurred in Ceses 19, 26
and 41, As in the great mejority of cases during the
toxic stage the occurrence of ketosis without vomiting
suggests that the former hes a basis in some other defect
than vomiting - thet the ketosis, in fact, precedes the
vomiting. It would appear as if the feilure of the power
to uvubilise the blood sugar initiated the kebtosis and that s
vicious circle supervened ceusing the symploms-complex to
3

persist. Cammidée) has pointed out that change in the
ecid-base equilibrium of the systemic circulation may re-
sultv in hyperglycaemisg and glycosuria. It is believed,
however, that fhese effects of acidosis are only pronounced
if there are associated defects of carbohydrate metabolism.

Ketosis and vomiting occurred in &ll of the fatal cases

znd became more pronounced as these cases progressively

deteriorated. In &ll csses in vhich evidence of ketosig
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was present the glucose tolerance tests revealed some
interference with carbohydrate storage or utilizgtion. This

may be the source from which the disorders arise.

Duration of Abnormsl Findings.,.

The determinations carried out during convalescence
indicete g complete return to norm=lity at this gstage of
the illness, The defects recorded would, therefore,

sppear to be the results of toxeemia and when this heas

=

passed & reburn to normal is usual, The persistence of
the defects noted by other workers has mnot been confirmed,
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DISCUSSION.

The evidence presented in this thesis, though
‘limited in exﬁent, sets forth certain definite findings
with regard to metabolic activity during the course of
diphtheritic intoxication. '.It hes been shown that
during the toxic stage the fasting blood sugar tends to
be high in mild and moderste cases, whereas in those of
more severe degree, it tends to be low. When the disease
is uneventfully recovered from the blood sugar returnw
to its normsl level but if complications should menifest
themselves and the disease be, therefore, more prolonged,
the blood sugar concentration becomes lowered. This
oceurred, irrespective of whether high or low blood suger
obtained during the toxic stage, and wes most marked just
prior to death in those cases where the disease progressed
to o fatel termination.

Bvidence has also been produced that, side by side
vith these variations in the blood suger concentration,
there exists in the diseese a dinminution in glucese
tolersnce which is reflected in the type of blood suger

curve obtained frol tolerance tests. The charscters
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exhibited by this type of curve are those of a delayed
Tall or "lag", frequently associated, in the more gsevere

Torms of the disease, with a high maximum concentrstion

.

and sttendant glycosuria,

The blood cholesterol in most cases during the
toxic stage is ebunormally low, During the stage of com-
plications however the tendency is for the blood choles-
terol to undergo a more or less marked increase. Where

the gbove findings obtained evidence of ketosis was

invariably present.

The theories offered in explsnation of the disorders
of carbohydrste metabolism have heen reviewed in Chapter
M . Thet of thyroid adrenal stimulation by the

toxin gethers to it e cergain emounnt of pathological con-
(1
viction. Logchke (1910) who examined the adrenals of the

vietims of diphtheria found cn almost total disappearance

of lipoids. In the medulla itsell he observed an =2b-

gsence of affinity for chrome sal?s and a disappearance of
(2 :
adrenalin, Ioltschenoff (1912 ) who examined the

adrensls of nineteen children who hsd suffered from diph-
theria, noticed that the adrensls, especially the nedulle

o

showed definite hyperasemis and frgquently extrevasations
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of blood, the degree of vascularity being related more

to the severity pf the disease than to its duration.

In cases fatal within four days, Moltschanoff found ah
incresse in the lipoid content. He also observed an
increase in the number of spongiocytes and in the number
of cells, generally, which exhibited lipoid formstion.

In cases dying between the fourth and sixth days he found,
in =ddition, o lerge number of smell cells with spongy
protoplasm and nunléipoor in chromatin. Ranging between
these cells and the fully developed spongiocytes there
were nany btransitional cells. ﬁoltschandfi believed

that the small cells represented an atrophic state of the
spongiocytes resulting from increased functional activity.
In ceses dying on the eighth to the tenth day lioltschanoff
noted the onset of degenerative changes. In the medulla
he found o diminution or disappesrance of the chrome re-
action. Begides taking an zctive part in the destruction

of the diphtheria toxin, he considered that inthe early

teges of diphtheria there 1is an increased fuanctional

o]

cetivity which in severe intoxication passes into a state

£ exhsustion with strophy of the cellular elements which

ney leszd to death. _

o




(3)

Hannes (1910), however, could trace no relationship
between death in diphtheris and the state of the adrenals.
0f a total of forty-seven cases investigated, disappear-
ance of chrome reaction occurred in only eight and dimin-
ution in thirteen. In the remaining tzenty-six cases

it wes strongly present. Thomes (l9lé)) and Ingier and
Schmorl (l9lé§) agreed in the main with Hannes that the
cause of death is not to be found in an exhaustion of
chromaf{in function.

Lewrence end Buckley's theory of increased glyco-
genolysis involves the adrensls in a specific stimulgtion
by the toxin. According to this theory, toxaemia csuses
first of g1l a stimulation of sdrenal function =2nd later
in the disease an exheustion. Assuming this to be correct,
stinulation would lead To an increzsed level for blood
suger and exhsustion would lead to an sbnormal depression.
In sccordance with this view, the blood sugar would tend
to be high during the ezrly, and low ddring the later
stages of the disease, In the most severe forms of %he

disgease the greater degree of toxsenia msy determiner an

&
early exhaustion of adrensl function and a low blooA suger

from the oubset.
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In the later stages of the_complicated disease the
blood sugar level has been shown to be low. It is pos-
sible that exhaustion of liver glycogen may account for
the fzilure to maintain the blood sugar concentration at
its normal level. In this oo?giction it is interesting
to note that Schwentkner and Nod found a marked reduc-
tion,in most ceses indeed a complete ebsence, of hepatic
end muscle glycogen, during the toxsemisc.

In the light of this theory, decreased sugar toler-
ende is due to the adremnal stimulation antagonising the
.effective 2c¢tion of imsulin. During the course of a
glucose tolerance test the hypoglyceemie sction of insulin
is, to a greater or less'extent, annulled and the blood
suger curve manifests an ebnormsl rise and a delayed fall.
Iawrence snd Buckley's theory faills to bake asccount of the
fact thet when sdrensl exhecustion may be presumed to have
core about a similar type of blood suger curve is still
obtained. The antagonism of the adrenal to insulin sction
being reﬁoved, one would neturally expect unrestrsined
cction of the latter to exist with consequent sneedy re-
movel of the glucose from the blood. This however does

not occur, tihe low blood sugar of the more severe or pro-




228,

longed cases being associated with a type of curve
gimilar to that obtained during the early stages of the
disease,

According to Sweeney's conception, insulin sction
ig annulled by the direct effect of the toxin vpon the
islet tissue of the pancreas. Diphtheritic intoxication
gccording to this theory would, therefore, appear to
occasion sn scute form of diabetes, more or lesg severe,
If this theory could be substantiated, it would throw
light upon meny of the features of the disesse. In
perticulsr it Would explain the ssthenia and westing of
the vicectim of severe diphtheria on the ground that the
inebility to uvtilise carbohydraete led to incomplete com-
bustion of fat with its attendent ketosis. It would also

xplain why protein was broken down in the disease, 2
fact, the evidence of which has been alluded to elsewhere.
In view of the cholesterol findings in the present inves-
tigetion, such evidsnce would point, in explanation, to g
pogeible rise in the blood Tat by mobilisation from the
Tet depols in response to the needs of metabolism,

In the view of the author, however, such a trend of

s

events seems unlikely. “he tyDe of blood sugar curve
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obtained in this investigation, and also by other workers
in the field, is mot conducive to the establishment of

A "lag" curve in diabetic symptomatalogy,

such a theory. A

~

if it indicates diabetes at all, is suggestive of the

incipient or mildest form of the disease only. It seems
unjustifiable, therefore, to conclude that the severity

of diphvheris is due to insufficiency 6r inectivity of

insgulin.,

Nor does the theory of insuvlin inhihition offer more

accentable explanation. One nust admit from the outset

thet the eszence of toxsemia is involvement of the body

(%

tisgues gensrselly. Hot only may metabolism be impaired

ntrelly in the factories of ingulin snd adrenalin, but

e
elso peripherslly emidst that great public of humble tissue

The chenges encountered in the blood sugar end

cells.,

glucose tolerance mgy therefore be due merely to action

of the toxin upon the tissues generally ani not to any

syndrome peculizar to the diseacse, The liver must not bhe

ieft out of the reckoning. oxin hepstitis mey lead to

s, decressed ability to store glucose as glicogen with con-

segvent sccumulation of the former in the blood strean,

following ingestioz, llor must the gbility of the tissues




to oxidise the\excess be forgotten. The investigation

of leevulose tolerance and of the respiratory quotient

in the subjects of diphtheria seems to the author to be

indicated before any hard and fast conclusions can be

e

lTewil.

—~

“he matber is of fundamentel importance in the

therepeutbtics of the disease £ the view is held that

is complicated by a metabolic syndrome, further

progress in the treatment of the disease may be ordered

clong these lines. In recent years recognitvion of the
latter has led to the institution of glucose-insulin

therapy. Though restricted in its scope, this investi-~

tion impresced the author with the futility of such g

(‘ \'1

g
procedure, which scarcely seems indiceted from this and

other worlk upon the subject. In coatrzst, if one ackuow-

ledzes thet the metabolic effects sre due to the action

toxin upon the tissues generally and that the latter

cuffer the brumbt of the atback in equal proportion, one

nsturslly coneludes that the surest implement with which

+0 combet severity in the disease is antitoxin end that

the rost velusble theraveutic mezsure is to sdminister it

regerd to the Dlood cholesterol, the relatiohship
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of the adrenal cortex to cholesberol metabolism is too
uncertsin at the present time to invite prophecy. The
blood cholesterol is known to be decreased in many dis-
geses duve to infTection, of which diphtheria is one. Why
thig should be must awalld en explanstbtion. Ilor does 1%
clear why the blood cholesterol should increasgse in

(7)

the later stages of the comwnlicated disease, As Josephs

SecIii

ted with regerd to protein in diphtheria, it

hes indic
is nogsible that the increase in blood cholesterol may
be due, also, to toxic destruction of tissuve. Those

ceses in which perslysis occurred were significantly
zgsocioted with hish cholesterol values in the blood.
Cholesterol derived from the breqv’ own of tissue in the

body is supposed to be retained in the hlood end not

excreted.,
With regerd to the duravion of the abnormsl findings,
suthor is st variasnce with those who suggest that
b1 defects observed persist for some time after the
hes veen recovered from, The effects would seen,

to be due o toxic scition =nd to subside when

iatter hes been removed, The persistence of the

tne

ities 1in the provtracted ceses mey be en expresscion
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of the faet that in these gases a certain smount of
toxin hes been fixed before the administration of gserum.
In this respect it is noteworthy that it is in the more

severe cases that complications develop.
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CONCLUSIOLNS .

1., The blood sugar, glucose tolerance, and blood

cholesterol of clinical cases of diphtheris have been

investigated.

[

2, ‘''he blood sugar has been found to vary with the

severity of the intoxication. Hyperglycaemia has been

found to be a more frequent accompaniment of the mild

and moderstely severe cases, whereas hypoglycaenmis
showed & grester frequency in the most severe cases of
all, In fatal cases the blood sugar was abnormally low
prior to death. The advent of complications has been
shown to be accompsnied, ususlly, by hypoglycaenia, ir-

regpective of whether the blood sugar was high or low

during the toxic stage.

5. A decresse in the tolerance of diphtheria patients
Tor glucose has been noted. The type of blood sugar
curve obteined in these cages hes been defined as a "lag”

curve, the characteristic of which is g delay in the fa2ll

cit

in the more severe type of case, with a hizgh mexinum con-

o festing level after the ingestion of glucose, asgsociszted

?
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centration and glycosuria, The occurrence of glyco-
surils indicates that the extént of the decresse in

glucose tolerance 1s greatest in the severe cases,

4, In vrotracted cases in which complications develop-
ed, evidence of decreased sugar tolerance hss heen ob-
tained., Judged by the incidence of glycosuria, the

xtent of the decrease during bthis stage would appear to
De less than during the period of initial toxaemia., It
hes not been possible to ascertain whether this is g
persistence.of the similar defect observed during the

or whether it represents a recurrence of

toxic stage,

w2

the abnormelity.

5, A tendency for the blood cholesterol to be low dur-
ing the toxic stage of diphtheris has been noved. Dur-
ing the stage of complications, however, the blood choles-

terol has been Tound bo undergo an ebnormel incresse.

5., “he freguency of ketosis in diphtheria has been

clluded to; 1ts reletionship to the metabolic disorders

nes been briefly dliscussed.

7. The resulits obtalned efter clinicel recovery sugges
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thet the condition of disordered metabolism met with
in diphtheria passes off with, and is therefore directly

dvue to, the intoxication. No persistence of the defect

was noted during convalescence.

8. The view is expressed that the disorders met with
are due to the action of the toxin upon the body tissues
generally and thet no existing theory of a metaboliec

syndrome can be substantiated.

9., iossible lines along which further investigation
may be carried on have been suggested, and the thera-
peutic inference has been made that antitvoxin administered
early in the disease is a more certain measure with which
to combet severity then glucose imsulin therspy, 1f the

former procedure is neglected.

10. The literature of the experimental aspect of the

gubject has been reviewed.
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