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I F T  R O D U G T I O H

(1)Schwenthner and Hoel (1930), who investigated the 
carbohydrate metabolism of clinical cases of diphtheria, 
observed a definite rise in the blood.sugar concentration 
during the early stages o£ the disease. They also found 
that the blood sugar, following upon this initial increase, 
tended to fall progressively to a. hypoglycaemic level in 
those cases in which the intoxication was very severe. The 
changes in the concentration of the blood sugar were assoc­
iated with a definite decrease in the toler3,nce of their 
patients for glucose, a. high maximum concentration with 
resultant glycosuria and an abnormally slow decline being 
the characteristic anomalies of the blood sugar curves 
obtained. Schwentlaier suid Mo el attach to the theory of 
disturbed carbohydrate metabolism the pathological signifi­
cance that there result, in consequence, nutritional changes 
in vital tissues, such as that of the cardiovascular system; 
whereupon they seeh to exjjlain the occurrence of the clin­
ical phenomena for which diphtheria is noted.

Contributions to the study of carbohydrate metabolism
(2)in this disease are not new: Lereboullet, QL922) showed that,



ii.

in a considerable proportion of ̂ cases of severe diphtheria,
a definite hypoglycaemia was present, and that, in mild
and moderately s'evere cases, the blood sugar was unaltered.

(3)
Hector (1926) first drew attention to the abnormally slow
decline of the blood sugar curve in diphtheria, and noted,
also, the low concentration of the fasting blood sugar in
severe cases. This observer was of the opinion that the
metabolic disorder passed off with the stage of intoxication,

(4)
though Elloeles and Heiman (1927)believed that a similar 
type of blood sugar curve persisted for'a long time after 
clinical recovery.

Various theories have been advanced in explanation of 
the disorders found, the chief of which attribute to 
diphtheria the distinction of being an intoxication fre­
quently complicated by a metabolic syndrome. Thus the theory 
of "diminished glycogenesis" suggests the affinity of the 
toxin for the islet tissue of the pancreas, whereas the 
theory of "increased glycogenolysis" would implicate the 
thyroid and adrenal glands in a specific stimulation of the 
toxin.

While it is possible that a diabetic or other syn­
drome may explain the abnormalities encountered, it seems 
reasonable to attribute to the toxin a more widespread effect
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in.'which the tissue concerned with carbohydrate metabolism
share, with those of the body generally, the adverse con-
seauenees of toxaemia. In this connection it is interest-

(5)
ing to note that Josephs (1927), who found an increase in 
the nitrogen excretion of diphtheria dogs, was of the opin­
ion that protein is brolcen down by the action of the toxin. 
This observer noticed that the excretion of creatin parall­
eled the severity of the intoxication. He xoointed out 
that the increased nitrogen of the urine was, therefore, 
probably derived mainly from muscle tissue, that of the 
heart being conjectured by him to have contributed its 
quota thereto.

Recent evidence, too, suggests that not only may 
carbohydrate be subject to abnormal reactions in-diphtheria
but, exemplifying the tissue lipoids, cholesterol also.

(6)
Lereboullet (1928) and his collaborators 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. Hypercholesterolaemia was noticed by 
them to be particularly frequent during the stage of 
diphtheritic paralysis. The value of cholesterol in the 
economy of the organism is unquestioned, and its occurrence 
in the white matter of the nervous system is, doubtless,



of more than casual 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 treats was 
undertaken, in a series of cases of diphtheria, with the 
following objects:

i. To determine the extent and duration of 
any abnormality which might be demonstrated 
to occur in the tolerance of the subjects 
for glucose.

ii. To study 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 classical complications of 
the disease.

iv. To compare the results obtained with those 
of other worhers.

The work involved in the investigation was carried out 
at Belvidere Hospital, Glasgow, between October 1st, 1932 
and October 8th, 1933. I am indebted to Hr. Thomas Archi­
bald, Physician Superintendent of that institution, for 
many facilities extended to me. I am particularly grace­
ful to him for making it possible for me to obtain all of 
the apparatus and reagents required.
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G H A P T  E E  I.

The Physiology of Carbohydrate Metabolism.

In this section there are out­
lined certain considerations which are 
relevant to the subject, and which form 
a necessary "basis for many of the terms, 
used and hypotheses quoted later in the work.
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I . DIGESTION AKP ABSORPTION.

(i) 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 succus entericus. For optimum activity 
they discriminate between degrees of acidity and alkal­
inity of the medium in which thqy act.

The first of these digestive influences is the 
Ptyalin of the saliva. The effect 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 maltose 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 suceus 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 Lactase, 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 portal 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.

(i) In the fasting In the normal subject in the fast-
Subj ect. 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 are certain pathological 
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 with 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, to 140-170 milligrams per cent. Dur­
ing the next hour the blood sugar falls steadily to
its original level, as the tissues remove glucose for(1)
energy purposes or for storage as glycogen.

III. THE FACTORS CONCERNED IN THE PRODUCTION 
OF THE NORMAL BLOOD SUGAR CURVE.

(i) Historical. At one time it was believed that the
blood sugar concentration remained 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 hyper glycaemia resulted through the liver fail­
ing in its functions the excess of sugar would be excret­
ed immediately in the urine.

(2)
In 1911, however, Baudouin found that there was

a slight increase in the blood sugar one hour after a
(3)meal, an observation that was confirmed by Frank: and also

(4) (5)by Reicher and Stein. Two years later, Jacobson 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 level had occurred by the end of an hour.(6)
These observations have been confirmed by McLean 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:-

a) The cessation of absorption.
b) The excretion of sugar in the urine,
c) The increased oxidation of sugar.
d) The rate of storage exceeding the

rate of absorption.

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 production and the respiratory quotient
rise immediately after a carbohydrate meal. Gephard 

(7)
and Du Bo is, who studied this, showed that the rise and 
fall in the respiratory quotient occurred in l§-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 from carbohydrate alone, an occurrence the more
unlikely since metabolism was at basal rate.(8)

Johannson 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 cannot 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 a rate slightly 
in excess of that of absorption.

Physiologists therefore assume the fall in the 
blood sugar curve to be due to the intervention of a 
storage mechanism, the activity <f 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,it is rarely

(9)
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.

(i) The Liver and Glycogen is always present in the 
Glycogen. liver of well fed animals. It may(10)

he deposited in the liver, as McLeod 
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 viscus by the blood. It seems probable that the 
presence 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 circum-(11)stances rises markedly.” Joslin,

This formation of glycogen is spoken of as glyco- 
genesis or the condensation of glucose and other hexose 
monosaccharides as glycogen.

(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 
level in the starving subject, and at an abnormally high 
level in the diabetic. The phenomenon has been observed



(12) (13)
by others. McLeod 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 augmented by muscular exercise, it is

(14)
not found to be more successful. Hershey and Orr, who 
used the combination of starvation and muscular exercise 
on the white rat, were unable to induce any greater re­
duction 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.



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 hyper glycaemia 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 diabetic 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.

(15) (16)
Poliak and Mareowitz injected adrenalin repeatedly

into animals after the glycogen of the liver had been
reduced to a minimum by means of fasting and strychnine
convulsions. Each injection was followed by hyper-
glycaemia, and after the injections had been repeated



many times during several days the liver was found to 
contain considerable amounts of glycogen. From this 
experiment it would appear that adrenaline stimulates 
the 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 
sugar under conditions of emergency, when abundance 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 hypoglycaem&a 
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 (McLeod).



(ii) Muscle Glyco- The formation of muscle glycogen 
gen. seems to he dependent on the sugar 

of the "blood v&Lich may either "be 
derived from the "breakdown of glycogen of the liver or 
from glucose absorbed into the blood stream. 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 

(17)
Marks 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 (18)
the sugar. Choi 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(19)(£0)
when they contract. Manche and Ghandelon by 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 showed that glycogen 
becomes depleted during muscular activity, and that the



glycogen of one set of resting muscles cannot be 
drafted by the circulation to provide glycogen for 
an active set, even although the demands of the latter 
may be urgent.

V. THE ROLE OF INSULIN IN CARBOHYDRATE MEPAr
BOLISM.

It may be assumed, therefore, that just as the pro­
longation of the blood sugar curve in diabetes 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 insulin has not yet been fully 
established. It is probable that it 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 all the tissues, however, may be acted unon by
(21)insulin has been demonstrated by Bucher and Gr&fe who 

have demonstrated a rise in the oxygen consumption and 
respiratory quotient of thin slices of different tissues in 
an oxygenated Ringer1s solution containing glucose, when 
insulin is added to it.



VI. INSULIN AND THE ISLETS OF LANG3RHANS .

1. Historical. More than a decade has elapsed since
Banting and Best demonstrated that 

the specific anti-diabetic hormone could be successfully- 
isolated from the pancreas.

(30)
Minkowski and von Kering had already shown that the 

extirpation of the pancreas in dogs produced a condition 
closely resembling diabetes mellitus. Minfenwski also 
produced evidence that if a portion of the excised gland 
was transplanted below the skin diabetes and glycosuria 
did not develop. If the graft was subsequently removed,
however, a fatal issue resulted from diabetic coma.

(31)
Lsguesse ligated the pancreatic ducts with resulting 

atrophy of the externally secreting glandular tissue. Gly­
cosuria did not develop, the thin strip of connective tissue 
which remained presumably retaining the ability to elaborate 
the unknown factor. If this remnant of tissue was re­
moved, diabetes and glycosuria resulted.

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

(31)
affected through the medium of an internal secretion. Opie 
was the first to suggest that the islet tissue of Langer-



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
(32)

in the discovery of Banting and Best, who isolated from 
the pancreas a substance 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 administration. When injected subcutaneously 
it lowered the blood and urinary sugar of depancreatised 
animals.

(ii) Islets of Scattered between the externally secret-
Langerhans.

ing alveoli of the pancreas are small 
groups of epithelial cells which have no 

connection with the secretory duets of the alveoli. These 
islets have an abundant blood supply and contain two differ­
ent kinds of cell distinguishable by the reaction of their 
granules to intra vitam staining with neutral red. The 
alpha granules are fixed in alcoholic solution while the 
beta granules are fixed in watery solution. In diabetes 
mellitus in man gross macroscopic changes in the pancreas 
are not usually found post mortem, but if the pancreas is



examined microscopically shortly after death, it 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 tpuickly as possible after the death of the 
animal and are rapidly frozen to preserve the active prin­
ciple from the effects of autolysis which ?rould otherwise 
■set in. As required the glands are removed from cold 
storage and processed by mincing in an alcoholic solvent.
The alcoholic extract Is evaporated to small bulk in vacuo 
at 45°G., when the fat separates out and can be removed. The 
percentage of alcohol is increased to about 80 to remove the 
bulk of the inactive protein. The resulting clear solution 
is concentrated at low temperature by vacuum distillation, 
the concentrate containing the insulin in an impure condition. 
Various other methods of obtaining the crude insulin have
been described. The above is an account of the fractional

(33)
precipitation method introduced by Collip.

The insulin is then purified. This may be done either 
by (1) the pierate method or (2) precipitation at a given 
hydrogen ion concentration of the solvent. By the former 
method picric acid precipitates "'"the insulin as insulin-picrate,



This is separated from the total precipitate of picrates by 
means 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 precipitated within a given pH range - 5 to 5.7 - of the 
solvent.

(iv) Properties of Insulin in Its usual form, the
Insulin.

hydrochloride, is- a white powder,
non-deliauescent but readily soluble in water. Crystalline

(34)
insulin was first prepared by Abel in 1926. Examination
of the pure crystalline hormone shows it to be a protein of
high molecular weight. It has a nitrogen content of 15.4<?o

(35)
and a sulphur content of 5.2?&.

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 mucosa to so large a molecule.



VII .. THE EFFECT OF THE ADRENAL, PITUITARY AND 
THYROID CLANDS UPON CARBOHYDRATE METABOLISM.

Reference has already been made to the effect of 
adrenalin in the transformations of glucose and glycogen. 
Adrenalin is the internal secretion of the adrenal medulla. 
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 caused this tissue to be referred to as Tchromaphil1 
tissue. Large blood spaces pervade 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 substance is fixed with osmic acid, black 
granules can be seen which are supposed to represent the 
adrenalin store of the gland. After exposure of a small 
animal to cold, the granules are said to disappear, suggest­
ing thatiji 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



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, adrenalin would seem to stimulate its deposition
there, and, in the starving subject and the diabetic,
the formation of sugar from protein also. Stimulation
of the secretion of adrenalin occurs in various emergency
states of which hypoglycaemia 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 as glucose and the
transference of the latter into the blood stream, to

(36)
render normal the blood sugar concentration. Cannon 
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 
to 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. If the 
sympathetic nerves to the adrenals and to the liver are 
paralysed by ergotoxin, no mobilization of liver glycogen 
occudbs. It has long beehlmown that there is an increase



of blood sugar if the splanchnic nerves are stimulated, or 
if the floor of the fourth ventricle is punctured: but
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 diabetic coma. The condition is usually 
relieved by insulin. It may be due to over-secretion of 
pituitrin which antagonises insulin and so gives rise to 
a relative insulin deficiency.

If the secretion of thyroxin is abnormally increased, 
as in Graves1 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 
glands.

It seems probable, therefore, that the adrenal medulla, 
the pituitary and thyroid glands antagonise insulin or con­
trol its action.



V I I I .  THE RENAL THRESHOLD.

21.

( i )  G lucose as a T h re s - T h res h o ld  substances a re  those
•h o ld  su b s tan ce .

w hich a re  o f  v a lu e  to  th e  economy 

o f  th e  organism  and a re  reab so rb ed  fro m  th e  g lo m e ru la r  f i l ­

t r a t e  o f th e  k id n e y  in to  th e  c i r c u la t io n  so as to  m a in ta in

a p p ro p r ia te  le v e ls  in  th e  b lo o d  s tream .
(22)

R ichards and Wearn o b ta in e d  th e  g lo m e ru la r  f i l t r a t e  

o f th e  f r o g  by m icrosco p ic  p u n ctu re  o f  a Bowman’ s cap su le  

w ith  a m ic r o -p ip e t te  made o f g u a rtz  and m easuring 10 -20  y u s  

in  d ia m e te r. The f i l t r a t e  was examined f o r  su g ar. I n

th e  -normal s ta te  none could  be d e te c ted  e i th e r  in  th e  b lo o d  

o r in  th e  g lo m e ru la r f i l t r a t e .  Glucose was th en  in je c te d  

subcutaneously*

From th e  r e s u lts  o b ta in e d  i t  was concluded th a t  sugar 

must be absorbed in  i t s  passage down th e  tu b u le s . I f  th e  

c o n c e n tra t io n  o f sugar in  th e  b lood ro se  above a c e r ta in  

c r i t i c a l  l e v e l ,  how ever, th e  excess was g o t r i d  o f in  th e  

u r in e .

( i i )  The R en a l T h resh o ld  .By th e  th re s h o ld  o f  th e  k id n e y  
f o r  s u g a r.

f o r  s u g a r, th e r e fo r e ,  we mean th e  

p ercen tag e  le v e l  above w hich an 

amount o f  s u g ar, re c o g n is a b le  by c l i n i c a l  t e s ts ,  appears  

in  th e  u r in e .  The accu racy  o f t h is  s ta tem en t is  dependent



021 the assumption that dextrose is absent from the urine(23)
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 
sugar: 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,"

(iii) Variations in the It is a fact of common knowledge 
renal threshold.

that in diabetes the concentration 
of sugar in the blood may 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 as "renal glycosuria", was

(24)
described in 1896 by Klemperer. It is recognisable in a 
blood sugar curve by the low point of maximum concentration 
of sugar in the blood and the presence of demonstrable sugar 
in the urine.



.IX. THE EFFECTS OF LIFFSRMT SUGARS UPON THE BLOOD
SUGAR CURVE.

The blood sugar curves obtained after the ingestion 
of glucose, maltose, 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 either 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 PISCARY FACTORS THAT II3FLUMCS THE TOLIRAHCE
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 
formation of the normal blood sugar curve, namely the stimu-



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*)C28)(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 phenomena.

(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 produee insulin. When the Islet tissue is then stimu­
lated by the glucose ingested during a glucose tolerance test, 
the maximum response which has become the rule, results in



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 phenomena 
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 glucose 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.
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The M etab o lism  o f C h o le s te r o l.

The sources o f C h o le s te ro l and i t s  
d is t r ib u t io n  in  th e  body a re  h ere  consid  
e re d . A b r ie f  account is  g iv e n  o f th e  
v a r ia t io n s  in  th e  c h o le s te r o l c o n te n t o f  
th e  b lo o d  in  h e a lth  and d is e a s e . What 
is  laiown o f th e  fa c to rs  w h ich  govern i t s  
m etabolism  is  a llu d e d  to .



THE METABOLISM OF CHOLESTEROL.

C h o le s te ro l was f i r s t  is o la te d  in  th e  m id d le  o f th e  

1 8 th  c e n tu ry . I t  is  o n ly  w i th in  c o m p a ra tiv e ly  re c e n t  

<tim e s , how ever, th a t  a ttem p ts  have been made to  u n d er­

s tan d  th e  p r in c ip le s  w hich govern i t s  d is t r ib u t io n  in  

th e  body in  h e a lth  and in  d is e a s e .

A lth o u g h  much progress has been made in  re c e n t  years  

w ith  re g a rd  to  th e  changes th a t  c a rb o h yd ra te  and p r o te in  

undergo in  th e  ch em ica l tra n s fo rm a tio n s  w i th in  th e  o rgan­

ism , our knowledge o f c h o le s te r o l rem ains c o m p a ra tiv e ly  

m eagre.

( i )  D is t r ib u t io n  o f C h o les - C h o le s te ro l is  u s u a lly  
t e r o l  in  th e  Body.

found to g e th e r  w ith  l e c i - .  

t h i n ,  and is  p ro b a b ly  a 

c o n s t itu e n t  o f a l l  c e l l  membranes. I t  is  found in  th e  

re d  c e l ls  and in  th e  plasma o f th e  b lo o d , and la r g e  

amounts a re  p re s e n t in  th e  o v a r ie s , in  th e  s u p ra re n a l 

c o r te x  and in  th e  w h ite  m a tte r  o f th e  c e n t r a l  nervous  

system . The c h o le s te ro l d e r iv e d  from  c e l lu la r  d is ­

in te g r a t io n  in  th e  body is  s a id  to  be r e ta in e d ,  and n o t  

e x c re te d .

C h o le s te ro l e x is ts  in  th e  body in  two fo rm s , (a )  a



f r e e  c h o le s te r o l ,  and ( b ) ,  in  co m b in atio n  w ith  h ig h e r  

f a t t y  a c id s , as e s te r  o f c h o le s te r o l  o r c h o le s te r id e .

These two form s a re  n o t e q u a lly  d is t r ib u te d  in  th e  t is s u e s .  

In  th e  b r a in  and in  th e  re d  b lo o d  corpusc les  f r e e  c h o le s ­

t e r o l  o n ly  is  p re s e n t , whereas in  a l l  o th e r  t is s u e s , i n ­

c lud ing  th e  b lo o d  plasm a, th e  c h o le s te r o l is  p re s e n t in  

b o th  fo rm s, th e  e s te r  g e n e r a l ly  in  somehwat g r e a te r  quan­

t i t y  th a n  th e  f r e e  fo rm .

( i i )  Sources o f C h o les - The c h ie f  sources o f c h o le s te r o l  
t e r o l  in  th e  Food.

in  th e  fo o d  a re  f a t ,  cream , b u t ­

t e r ,  y o lk  o f eggs, b r a in ,  l i v e r  

and k id n e y . When in g e s te d  in  th e  food i t  is  la r g e ly  ab ­

sorbed in to  th e  b lo o d . Some o f i t  is  e x c re te d  in  th e  

b i l e ,  and o f t h i s ,  a p ro p o r tio n  may be e lim in a te d  in  th e  

fa e c e s , a f t e r  b e in g  reduced by in t e s t in a l  b a c te r ia  to  

c o p ro s te r o l.  The rem ain der is  absorbed in to  th e  b lood  

once more to g e th e r  w ith  th e  b i l e  s a l t s .

( i i i )  C h o le s te ro l o f F a t  e x is ts  in  th e  b lood  in  
th e  B loo d .

v a rio u s  fo rm s, (1 )  m a in ly  as 

n e u t r a l  f a t ,  (2 )  as le c i t h in e ,  (3 )  as f r e e  c h o le s te r o l ,  

and (4 )  as c h o le s te r o l combined w ith  f a t t y  a c id  (c h o le r -  

t e r i d e ) .  The system ic  b lood  f a t  beg ins to  r i s e  in  from



6ne to  two hours a f t e r  a m ea l, and reaches a maximum in  

about s ix  h o u rs . The change is  due m a in ly  to  n e u t r a l  

f a t ,  b e in g  th e  r e s u l t  o f an in c re a s e  in  th e  f a t t y  a c id  

compounds o f th e  b lo o d . Th is  in c re a s e  in  n e u t r a l  f a t  

occurs b o th  in  plasma, and c o rp u s c le s . A s m a lle r  in c re a s e  

i n  th e  l e c i t h i n  o f th e  b lood  occurs m a in ly  in  th e  re d  c e l l s .

The amount o f f r e e  c h o le s te r o l c i r c u la t in g  in  th e  

b lo o d  a f t e r  a m eal may in c re a s e  s l i g h t l y ,  depending on 

th e  amount p re s e n t in  th e  fo o d . There may a ls o  be a 

v e ry  s l ig h t  in c re a s e  in  th e  amount o f c h o le s te r id e ,  p ro ­

b a b ly  as a r e s u l t  o f  th e  b lo o d  c h o le s te ro l u n it in g  w ith - 
(1)

th e  absorbed f a t .

A c t iv e  a b s o rp tio n  o f f a t  may occur w ith o u t th e

c o n c e n tra tio n  in  th e  b lo o d  b e in g  a p p re c ia b ly  a l t e r e d .
(2)

Samson W rig h t reco rd s  th a t  60 grammes o f b u t te r  were  

g iv e n  to  e ig h t norm al men. In  one case th e  b lood  f a t  

f e l l ,  in  one i t  rem ained unchanged, and in  s ix  i t  ro s e .

The f a t  is  p ro b a b ly  removed from  th e  b lood  by th e  l i v e r ,  

th e  t is s u e s  g e n e r a l ly , and th e  f a t  d ep o ts .

( i v )  The a d re n a l C o rtex  and The fo l lo w in g  o b s e rv a tio n s ,
C h o le s te ro l M etab o lism .

as y e t  in c o m p le te ly  under­

s to o d , suggest th a t  th e  c o r te x  o f th e  a d re n a l g lan d  may



(3)
be a s s o c ia te d  w ith  th e  m etabolism  o f c h o le s te r o l . (1 )

The c o r te x  has a h ig h e r  l i p o i d  c o n te n t th an  any o th e r  

organ  o r t is s u e  in  th e  body. (2 )  I t  undergoes e n la rg e ­

ment d u rin g  pregnancy, a t  w hich tim e  th e  b lood c h o le s te r o l  

has been found to  undergo an in c re a s e . (3 )  D ie ts  r ic h  in  

c h o le s te r o l  in c re a s e  th e  l ip o id  c o n te n t o f th e  c o r te x .

( 4 )  A nim als w hich have been fe d  on c h o le s te r o l p r io r  to  

do ub le  adrena lec tom y s u rv iv e  th e  o p e ra tio n  f o r  a lo n g e r  

p e r io d . (5 )  A f t e r  e x t i r p a t io n  o f b o th  a d re n a ls  th e  b lood  

c h o le s te r o l is  s a id  to  r i s e .

(v )  The P h y s io lo g ic a l and P a th o - The norm al le v e l  f o r
lo g ic a l  V a r ia t io n s  in  th e
Blood C h o le s te r o l,  t o t a l  b lo o d  c h o le s te r ­

o l  is  s ta te d  v a r io u s ly  

b y  d i f f e r e n t  observers us in g  d i f f e r e n t  methods o f e s t im a tio n .  

The v a lu e s  reco rd ed  a re  d iscussed on pages 89 “ 93.
G e n e ra lly , i t  is  ta k e n  to  l i e  w i th in  th e  range o f  150 

and 200 m illig ra m s  p er c e n t. W h ile  th e  b lood  c h o le s te ro l  

is  found to  v a ry  in  d i f f e r e n t  s u b je c ts  in  h e a l th ,  i t  is  

re m a rk ab ly  co n stan t f o r  any p a r t ic u la r  in d iv id u a l .  An 

in c re a s e  in  th e  b lood  c h o le s te r o l ,  or h y p e re h o le s te ro la e m ia

occurs p h y s io lo g ic a l ly  d u rin g  p regnancy, th e  in c re a s e  in
(4 )

t h is  case b e in g  due to  a ris^e in  th e  es te rs  o f  c h o le s te r o l .



I t  u s u a lly  re tu rn s  to  norm al in  th e  f i r s t  o r  second week

o f  th e  p u erp eriu m . The b lo o d  f a t  is  a ls o  in c re a s e d  
(1)

d u rin g  s ta r v a t io n .

P a th o lo g ic a l ly  an in c re a s e  in  th e  b lood  c h o le s te r o l

occurs in  subacute parenchymatous n e p h r i t is ,  in  w hich

c o n d it io n  i t  is  o f te n  a s s o c ia te d  w ith  an in c re a s e  in  th e
(5)(6)

c h o le s te r o l  e s te r  c o n te n t o f th e  k id n e y . The in c re a s e

in  th e  b lo o d  c h o le s te r o l is  due to  b o th  f r e e  and e s te r

fo rm s . H yp e re h o le s te ro la e m ia  has a ls o  been s a id  to  occur
(7)

i n  c h o le l i t h ia s is  and o b s tru c t iv e  ja u n d ic e ,a n d  in  myx-(8) ; 
cedema and d ia b e te s .

In  b o th  d ia b e te s  and s ta r v a t io n ,  f a t  fro m  th e  depots  

is  c a l le d  upon to  supp ly  th e  needs o f th e  body. The 

f a t  is  tra n s p o rte d  to  th e  l i v e r ,  th e re  to  be d e s a tu ra te d  

and c o n verted  in to  l e c i t h i n e - l i k e  bo d ies  w hich th e  t i s ­

sues can u t i l i z e .  The b lo o d  le c i t h in e  and th e  b lood  

c h o le s te r o l co nsequen tly  r i s e .

A decrease in  th e  b lo o d  c h o le s te r o l o r h y p o c h o le s te r-
(8)

o la e m ia , is  s a id  to  occur p h y s io lo g ic a l ly  d u rin g  m e n s tru a tio n

though th is  f in d in g  has been c o n tra d ic te d  by o th e r o b s e r-  
(9)

v e rs . H yp o ch o les te ro laem ia  has been re p o rte d  to  occur
( 10) ( 11) ( 12)

p a th o lo g ic a l ly  in  e p ile p s y , and a ls o  d u rin g  th e  f e b r i l e



(8)
s ta g e  if -  many i l ln e s s e s  due to  in f e c t io n .  I t  is  b e lie v e d  

to  occur a t  th e  h e ig h t o f  th e  fe v e r  o n ly .
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■ * C H A P T E R  III.

The N atu re  o f  th e  In f lu e n c e  

o f
Toxaemia upon C arbohydrate  M e tab o lism .

In  th is  Chapter th e  l i t e r a t u r e  o f th e  
e x p e rim e n ta l aspect o f th e  s u b je c t is  r e ­
v iew ed and th e  th e o r ie s  extended in  e x p la n ­
a t io n  o f th e  d is o rd e rs  a re  o u t l in e d .



The N a tu re  o f  th e  In f lu e n c e  o f  Toxaemia on 

C arbo hydra te  M e ta b o lis m .

That toxaem ia  may have d is a s tro u s  e f fe c ts  upon th e  

c a rb o h y d ra te  m etabolism  o f th e  d ia b e t ic  is  a f a c t  th a t  has 

g a in e d  w ide c l i n i c a l  acceptance in  modern tim e s . I t  has 

i t s  e x p res s io n  in  th e  f e a r  w ith  w hich in te r c u r r e n t  i n ­

fe c t io n s  in  t h is  typ e  o f p a t ie n t  a re  re g a rd e d .

The o b s e rv a tio n  o f th is  phenomenon has i t s  c o u n te r ­

p a r t  in  th e  r e a l is a t io n  th a t  toxaem ia may a ls o  produce  

a s ta te  o f d im in is h ed  sugar to le ra n c e  in  those who a re  

n o t th e  s u b je c ts  o f d ia b e te s . E x p e r im e n ta lly  i t  is  

p o s s ib le  to  produce an a lm ost analogous c o n d it io n  in  

la b o ra to r y  a n im a ls , and such experim ents have been the  

b a s is  o f  th e  v a rio u s  th e o r ie s  w hich a re  h e ld  to  e x p la in  

th e  c o n d it io n  o f d im in ish ed  sugar to le ra n c e , r e s u lt in g  

fro m  to x a e m ia ?in  man.

The p a th o lo g y , b o th  o f th e  e x p e rim e n ta l d isease  i n  

an im als  and o f th e  a c tu a l d isease  in  man, a ffo rd s  abundant 

evidence th a t  th e  to x in  o f d ip h th e r ia  has a marked e f f e e t  

upon th e  v a rio u s  t is s u e s  concerned w ith  ca rb o h yd ra te  

m etabolism  -  th e  l i v e r ,  th e  pancreas and th e  d u c tle s s  

g la n d s . F o r t h is  reaso n  and a ls o  because th e  toxaem ia



w h ich  i t  produces is  capab le  o f  f a i r l y  a c c u ra te  

measurement in  re s p e c t o f  dosage, d ip h th e r ia  to x in  

len d s  i t s e l f  t o ,  and has been w id e ly  used i n ,  compara­

t i v e  e x p e rim e n ta l s tu d ie s  aimed a t  d e te rm in in g  th e  

in f lu e n c e  o f toxaem ia on ca rb o h yd ra te  m etab o lism . In  

c o n s id e ra t io n  o f i t s  known e f fe c ts  th e  d ip h th e r ia  to x in  

has a ls o  been a p p lie d , c o n v e rs e ly , to  th e  e lu c id a t io n  

o f  p h y s io lo g ic a l problems p e r ta in in g  to  norm al ca rb o ­

h y d ra te  m etabolism .

To e x p la in  d is o rd e re d  ca rb o h y d ra te  m etabolism  

in  th e  presence o f toxaem ia th e  fo l lo w in g  th e o r ie s  have  

bsnn advanced by d i f f e r e n t  w orkers on th e  s u b je c t ,

I .  Toxaemia in te r fe r e s  w ith  th e  p ro d u c tio n
o f endogenous in s u l in  and causes d im in is h ed  
g ly c o g e n e s is .

I I .  Toxaemia causes a s t im u la t io n  o f th e  th y r o id  
and a d re n a l g lands and b rin g s  about in c re a s e d  
g ly c o g e n o ly s is .

I I I .  Toxins a c tu a l ly  d e s tro y , in a c t iv a te  o r i n h ib i t  
in s u l in  in  a manner s im ila r  to  th a t  by w hich  
th e  l a t t e r  is  broken down by p a n c re a tic  t r y p s in .

(1)
I .  Sweeney and Lackey te s te d  th e  to le ra n c e  o f g lucose  

o f r a b b its  s u f fe r in g  from  v a ry in g  degrees o f toxaem ia  

produced by subcutaneous in je c t io n  o f a dose o f d ip h th e r ia  

to x in  such th a t  death  occurred  in  jfrom 5-7  d ays . T h is



dose was found  to  amount to  .0075  -  .0 1  oem. o f  th e  

p a r t ic u la r  to x in  used, th e  minimum l e t h a l  dose o f  

w hich e q u a lle d  .03  cjcm.

A l l  th e  anim als used, in c lu d in g  th e  c o n tr o ls , w ere  

s ta rv e d  d u rin g  th e  experim ents in  o rd e r to  e lim in a te  

e f fe c ts  due to  d i e t .  On th e  day p rec ed in g  th e  ad ­

m in is t r a t io n  o f g lucose a l l  food  was removed from  th e  

an im als  cages w a te r a lo n e  "being a llo w e d . On th e  fo l lo w in g  

day each an im a l was g iv e n  5 grams, o f g lucose in  25 cjcms. 

o f w a te r , "by means o f a stomach tu b e . Samples o f b lood  

were drawn from  th e  m a rg in a l v e in  o f th e  e a r , and th e  

b lo o d  sugar was es tim ate d  b e fo re , and 3 0 , 6 0 , 90 , and 

120 m inutes a f t e r ,  th e  a d m in is tra t io n  o f th e  g lu c o s e .

The te s ts  were re p e a te d  d a i ly  u n t i l  th e  an im als  d ie d  in  

o rd e r to  observe th e  e f f e c t  o f a toxaem ia o f  in c re a s in g  

d u ra t io n  upon th e  to le ra n c e  f o r  g lu c o s e . N o n -to x ic  

r a b b its  were used as c o n tro ls  and were t r e a te d  in  an 

e x a c t ly  s im ila r  manner, b e in g  observed over p e rio d s  e q u a l, 

i n  d u ra t io n , to  those by w hich th e  e x p e rim e n ta l an im als  

s u rv iv e d  th e  a d m in is tra t io n  o f to x in .

O nly th re e  to x ic  ra b b its  were used th e  r e s u lts  

o b ta in e d  b e in g  so marked and so u n ifo rm  th a t  a d d i t io n a l
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F ig . I .  D a i ly  curves showing th e  to le ra n c e  f o r  
d e x tro s e  o f  an e x p e rim e n ta l r a b b it  fo l lo w in g  s u b - 
-c u tan e o u s  in je c t io n  o f  0 .0 0 7 5  c .c .  o f  d ip h th e r ia  
to x in .  The numbers a t  the  end o f  each curve  
in d ic a te  the  d u ra t io n  o f  the toxaem ia in  days. 
( A f t e r  Sweeney. )



o b s e rv a tio n s  were co n s id e red  un n ecessary . Sweeney and 

la c k e y  found th a t  r a b b its  po isoned thus by d ip h th e r ia  

to x in  s u ffe re d  a m arked ly  decreased to le ra n c e  f o r  g lu c o s e .

The most o u ts ta n d in g  f a c t  observed was th e  p o s i t iv e  

a s s o c ia t io n  betw een th e  d u ra t io n  o f toxaem ia and th e  

im pairm ent o f g lucose  to le r a n c e . The lo n g e r th e  toxaem ia  

la s te d  th e  g r e a te r  was th e  i n a b i l i t y  o f th e  an im als  to  

remove the  excess o f g lucose from  th e  b lo o d . The r e s u lts  

o b ta in e d  by them in  th e  ease o f one o f t h e i r  an im als  a re  

reproduced  in  F i g . I

B e lie v in g  th a t  th e  p r in c ip le  a c t io n  o f in s u l in  

is  one o f g ly c o g e n e s is , th ese  w orkers suggest th a t  th e  

most p ro b ab le  e x p la n a tio n  o f decreased sugar to le ra n c e  

in  th e  presence o f toxaem ia is  a d is tu rb a n c e  in  th e  a c t io n

or in  th e  p ro d u c tio n  o f in s u l in .
(2)

Sweeney p u rsu in g  th is  su g g estio n  f u r t h e r ,  re p e a te d  

th e  work quoted and observed th e  e f f e c t  o f in je c te d  in s u l in .  

R ab b its  were a g a in  used, th e  procedure fo llo w e d  b e in g  

id e n t ic a l  w ith  th a t  adopted in  th e  p rev io u s  exp erim en ts . 

F i f t e e n  m inutes a f t e r  th e  a d m in is tra t io n  o f g lucose two 

u n its  o f in s u l in  were in je c te d  subcutaneou s ly . Four 

r a b b its  were used, one as a c o n t r o l .  Of th e  th re e



Time in  m inu tes

F ig . I I .  D a i ly  curves showing th e  to le r a n c e  o f  
an e x p e rim e n ta l r a b b it  fo r  d e x tro s e . The an im a l 
re c e iv e d  0 .0 0 0 7 5  c .c .  o f  d ip h th e r ia  to x in .  Two 
u n its  o f  in s u l in  were g iv e n  su b cu tan eo u s ly  each  
day f i f t e e n  m inutes a f t e r  the  a d m in is t r a t io n  o f  
th e  d e x tro s e . The f ig u r e s  a t  th e  end o f  each curve  
re p re s e n t th e  number o f  days o f  f a s t in g  and to xaem ia . 
( A f t e r  S w eeney.)



39.

e x p e rim e n ta l an im als  each re n d e re d  to x ic  w ith  ,0 075  

corns o f th e  p a r t ic u la r  to x in  used, one l i v e d  f o r  s ix ,  

one f o r  seven and one f o r  e ig h t  days.

The r e s u lts  o b ta in e d  showed th a t  toxaem ia does n o t  

cause an a p p re c ia b le  change in  th e  a c t io n  o f in je c te d  

in s u l in .  In  th e  th re e  to x ic  an im als  Sweeney found a 

co n s ta n t "two u n it"  a c t io n  even in  th e  presence o f an  

in c re a s in g  toxaem ia . The b lood  sugar curves o b ta in e d  

in  th e  case o f  one o f th e  r a b b its  is  reproduced  in  P i g . i l .

From th e  r e s u lts  o f th es e  experim ents Sweeney 

assumed th a t  th e  e f f e c t  o f toxaem ia upon g lucose to le ra n c e  

was p r in c ip a l ly  th a t  o f an im pairm ent o f th e  a b i l i t y  to  

s to re  c a rb o h y d ra te . B e lie v in g  th e  s to ra g e  o f carbohy­

d ra te  to  be brought about by endogenous in s u l in ,  he 

suggested th a t  th e  e f f e c t  o f toxaem ia was, d i r e c t ly  to  

depress th e  p ro d u c tio n  o f in s u l in ,  s in c e  th e  a c t io n  o f  

in je c te d  in s u l in  was a f fe c te d  l i t t l e ,  i f  a t  a l l ,  by  

to xaem ia . S ince in s u l in  b rin g s  about th e  s to ra g e  in  

th e  l i v e r  o f g lucose as g lycog en , Sweeney concluded th a t  

th e  a b n o rm a lity  o f carb o h yd ra te  m etabolism  d u rin g  toxaem ia  

was due to  d im in ish ed  g ly e o g e n e s is .

The v iew  may be h e ld  th a t  th e  in e f f ic a c y  o f in s u l in



i n  d ia b e t ic s  s u f fe r in g  from  in fe c t io n s  and toxaem ia , 

is  due to  a tem porary  r e la p s e  o f an in h e r e n t ly  damaged 

p an creas . I n  norm al s u b je c ts , d is o rd e re d  c a rb o h y d ra te  

m etab o lism , under s im i la r  c o n d itio n s  and in  a s im i la r  

manner, may be due to  th e  tem porary  m an ifes ta tio n  o f a 

s u b c l in ic a l  d is o rd e r , la t e n t  d u rin g  h e a lth .  I f  th e  

fo rm e r were t r u e  th e  c o n d it io n  would no t be expected to  

im prove so r a p id ly  as i t  does when th e  c a u s a tiv e  f a c to r  

ceases to  a c t .  In  th e  second in s ta n c e  i t  is  u n l ik e ly  

t h a t  so many s u b je c ts  have la t e n t  p a n c re a tic  d e fe c ts .  

W ith out p resuppo sing , in  e i th e r  case , th e  e x is te n c e  or 

a g g ra v a tio n  o f a p a n c re a tic  le s io n ,  most observers do 

n o t accept th e  v iew  th a t  in f e c t io n  so s e r io u s ly  damages 

th e  pancreas as to  im p a ir  i t s  e la b o ra t io n  o f in s u l in .

I I .  A more l i k e l y  e x p la n a tio n  is  th a t  in f e c t io n  and

toxaem ia produce a m e ta b o lic  c o n d it io n  w hich w i l l  n o t

respond to  endogenous in s u l in  in  th e  u su a l way.
(3)

Lawrence and B uckley found  th a t  a s im i la r  in s u l in  

r e s is ta n t  c o n d it io n  could  be produced in  norm al ra b b its  

a f t e r  th e  in je c t io n  o f d i f f e r e n t  in f e c t iv e  and toxaem ic  

a g e n ts . The most d e f in i t e  r e s u lts  o b ta in e d  by them were  

ach ieved  w ith  d ip h th e r ia  t o x in .  O bserving th e  b lood



sugar response b e fo re  and a f t e r  th e  in je c t io n  o f th is  

to x in  th e y  found i t  p o s s ib le  to  produce in  norm al an im als  

a c o n d it io n  in  w hich th e  b lood sugar was spon tan eo us ly  

r a is e d  and in  which th e  power to  reduce b lood sugar was 

g r e a t ly  d im in ish ed  and sometimes a b s e n t.

The e f f e c t  o f a s m a ll dose o f in s u l in  upon th e  b lo o d  

sugar was observed . T o x in  was th e n  g iv e n  .004  c^m. b e in g  

most s u c c e s s fu l in  e n su rin g  th e  d ea th  o f th e  r a b b its  in  

4 - 7  d ays . The e f f e c t  o f a s im i la r  dose o f in s u l in  

was observed d a i ly  t i l l  th e  anim als d ie d .

They found  (1 )  a g re a t  tendency f o r  th e  fa s t in g  

b lo o d  sugar to  v a ry , from  tim e  to  t im e , betw een 90 and 

150 mgms. p er c e n t. T h e ir  r a b b its  re fu s e d  a l l  food  

a f t e r  th e  second or t h i r d  day. S ince by th is  tim e  th e  

g lycog en  s to re  o f  th e  l i v e r  and muscles is  re d u c e d ,to  

th e  p o in t  o f e x h au s tio n , th ey  re g a rd  th e  v a r ia t io n s  in  

th e  fa s t in g  b lood  sugar as due to  v a r ia t io n s  in  th e  r a te  

o f p ro d u c tio n  o f sugar from  endogenous sources such as 

p r o te in  and, p o s s ib ly , f a t .  'When th e  b lood  sugar is  h ig h ,  

e ith e r  an excess ive  p ro d u c tio n  o f sugar is  ta lc ing  p la c e  

from  th ese  substances (g lu c o n e o g en es is ) o r m o b il iz a t io n  

o f what g lycogen has been s to re d  from  th is  new sugar is



sudd en ly  ta lc in g  p la c e . I t  is  p ro b ab le  th a t  new form ed  

sugar from  o th e r substances passes through th e  s ta g e  o f  

g lyc o g en , because a l iv a *  th a t  has been d e p riv e d  o f  

g lycog en  by  s ta r v a t io n  or s try c h n in e  con vu ls io n s  g r a d u a lly  

re c o ve rs  a c e r t a in  amount o f g lycogen as th e  s ta r v a t io n  

p ro ceed s . T h is  has been r e fe r r e d  to  on page where

i t  was n o ted  th a t  a d re n a lin e  has a r e v e r s ib le  e f f e c t  -  

causing  d e p o s it io n  o f g lyco g en  in  th e  l i v e r  when none is  

th e re  and b r in g in g  about i t s  m o b il iz a t io n  as sugar when 

abundance is  p re s e n t .

V a r ia t io n s  in  m e ta b o lic  a c t i v i t y  by  causing  v a ry in g  

r a te s  o f sugar u t i l i z a t i o n  w i l l  b r in g  about f lu c t u a t io n  

in  th e  b lood  sugar le v e l .  Lawrence and B u c k le y 1s a n im a ls , 

how ever, crouched a t  th e  bottom  o f t h e i r  cages a l l  day.

The v a r ia t io n s  in  the  f a s t in g  b lood  sugar c o n c e n tra tio n  

would appear to  be due th e r e fo re  to  a p e r io d ic i t y  o f  

a d re n a l th y r o id  fu n c t io n , a n ta g o n is in g  in s u l in  a t  a l l  

tim es b u t in  v a ry in g  d eg ree . O v e r a c t iv i ty  o f t h is  

fu n c t io n  w ould r e s u l t  in  in c re a s ed  glueoneogenesis  

maximum d ep ress io n  o f th e  insulm n e f f e c t  and a r e l a t i v e l y  

h ig h  b lood  sugar c o n c e n tra t io n . S xhaustio n  o f th e  

a d re n a ls , o r p a ra ly s e s  o f t h e i r  fu n c t io n , on th e  o th e r  

hand would le a d  to  su pp ress ion  o f g lu eo n eo g en es is ,



minimum d ep ress io n  o f th e  in s u l in  e f f e c t  and a r e l a t i v e l y  

low  b lood  sugar c o n c e n tra t io n .

(2 )  Lawrence and B u c k le y  a ls o  observed a p r e le t h a l  

r i s e  in  b lo o d  sugar in  those r a b b its  whose death  was p ro ­

longed  u n t i l  th e  7 th  day, whereas in  those  an im als  where  

d eath  fo llo w e d  w i th in  a day or two o f th e  in je c t io n  o f  

t o x in  th e  b lood  sugar rem ained lo w . S in ce  e rg o to x in e  

p re ven ts  th e  m o b il iz a t io n  o f  sugar from  th e  l i v e r  by  

sym p ath etic  im pulses and a d r e n a lin , and so p reven ts  th e  

p r e le t h a l  r i s e  in  b lood  s u g a r, th ey  conclude th a t  th e  

l a t t e r  is  due to  te rm in a l g ly c o g e n o ly s is  from  th e  l i v e r ,  

b ro u g h t a b o u t, p ro b a b ly , by th e  f i n a l  r e a c t io n  o f th e  

ad re n a ls  to  f a l l i n g  te m p e ra tu re , w ith  w hich th e y  c o r r e la te  

th e  c o n d it io n , and by approaching  d is s o lu t io n  and d e a th . 

Cramer (page IS ) has shown th a t ' when an an im a l is  exposed 

to  c o ld , g re a t  d e p le t io n  and f i n a l  exh au s tio n  o f th e  a d re n a l 

g lan d  o ccu rs .

In  those anim als in  w hich death  occurred  e a r ly  and 

was a s s o c ia te d  w ith  a low b lood  s u g a r, i t  is  c o n je c tu re d  

th a t  th e  a d re n a l was p a ra ly s e d  from  th e  commencement by  

th e  la rg e  dose o f to x in  used.

(3 )  In  th e  case o f n e a r ly  a l l  o f th e  an im als  used,



44.

b lo o d  sugar c u rv e s , c a r r ie d  out a f t e r  th e  in je c t io n  o f  

d ip h th e r ia  to x in ,  re v e a le d  a d im in u tio n  or f a i l u r e  o f  

th e  hypoglyeaem ie a c t io n  o f in s u l in .  T h is  was most 

obvious when th e  f e b r i l e  r e a c t io n  wore o f f  and when th e  

" f ix e d "  or c h ro n ic  e f fe c t  o f th e  to x i#  was f u l l y  e x ta b lis h e d .  

When th e  fa s t in g  le v e l  was lo w , in s u l in  a c t io n  was le a s t .

The r e v e r s ib le  e f f e c t  o f in s u l in  has a lre a d y  been  

n o ted  on page 11 . I t  forms g lycogen in  th e  muscles and 

l i v e r  when sugar is  p l e n t i f u l .  When g iv e n  w ith o u t fo o d  

to  fa s t in g  anim als in s u l in  causes th e  g lycogen s to re  o f  

th e  l i v e r  to  become reduced . I t  a ls o  checks th e  new 

fo rm a tio n  o f sugar from  p r o te in  and perhaps from  f a t  a ls o .

In  th e  norm al anim als in s u l in  tends to  low er th e  b lood  

s u g a r, a f t e r ,carb o h yd ra te  in g a s t io n . I f  i t  f a i l s  to  do 

so in  th e  toxaem ic a n im a l, th e  h ig h  b lood  sugar which  

r e s u lts  may be due to  an o v e r a c t iv i t y  of th e  a d re n a ls , which  

causes g lycogen m o b il iz a t io n  i f  g lycogen is  a v a i la b le ,  or 

glueoneogenesis i f  th e  c o n tra ry  c o n d it io n  o b ta in s *  In  

s h o rt th e  a c tio n s  o f a d re n a lin  and in s u l in  a re  o p p o s ite  and, 

i n  t h is  ease , un eq u a l, th e  b a lan ce  b e in g  in  fa v o u r o f  th e  

fo rm e r . In s u l in ,  acco rd ing  to  anoth er c o n c e p t io n ,. is  

a n a b o lic  and a d re n a lin  is  k a ta b o l ie .  The r e s u l t  depends



upon w hether in s u l in  can lo w er th e  b lo o d  sugar a t  a l l , 

o r i s ,  in  v a ry in g  d eg ree , an tag o n ised  in  th is  re s p e c t  

by th e  c o n tra ry  mechanism. I f  t h is  v iew  o f th e  d is ­

tu rb an ce  o f ca rb o h yd ra te  m etabolism  is  accep ted  th e  

a b n o rm a lity  would seem to  r e s u l t  from  in c re a s e d  g ly c o -  

g e n o ly s is  in  w hich th y r o id -a d re n a l s t im u la t io n ,  by th e

to x ic  a g e n t, is  th e  c a u s a tiv e  f a c t o r .
(4)

I I I .  K a r e l i t z  and h is  co-w orkers observed a g i r l  

aged 6 years  who d is p la y e d  p e c u l ia r  re a c t io n s  to  in s u l in .  

On a co n stan t d ie t  and w ith  a s ta n d a rd  dose o f in s u l in  

t h is  c h i ld  d is p la y e d  a t  one tim e  an in s u l in  re s is ta n c e  

and a t  an o th er a hypoglyeaem ie resp o n se . The s u g g es tio n *  

was made th a t  th e  p a t ie n t  had a substance in  h e r b lo o d  

w hich a n n u lle d  or in h ib ite d  in s u l in  a c t io n  d u rin g  th e  

r e s is ta n t  phases, though no p a th o lo g ic a l b a s is  was found  

to  e x p la in  th e  phenomenon.

The q u es tio n  arose  w hether th e  b lo o d  plasma o f norm al 

p eo p le  m ight n o t , a ls o , in a c t iv a te  in s u l in  in  v i t r o  and 

w h eth er a s im i la r ,  though more pronounced, e f f e c t  occu rred  

in  d ia b e te s . In  th e  event o f th is  p ro v in g  to  be th e  

ca se , th e y  thought th a t  an e x p la n a tio n  m ight be g iv e n  to



th e  f a c t  th a t  d ia b e te s  becomes worse d u rin g  in f e c t io n s ,  

and a f t e r  in ju r ie s  or o p e ra t io n s . Any h y p o th e t ic a l  

substance w hich m ight be h e ld  to  have t h is  e f f e c t  in  

v i t r o  m ight re a s o n a b ly  be c o n je c tu re d  to  have an e x a lte d  

a c t io n  d u rin g  spontaneously  a c q u ire d  d iseases  and 

in to x ic a t io n s  in  v iv o .

As judged by th e  e f f e c t  o f th e  in s u l in  upon th e  b lo o d  

sugar o f r a b b i t s ,  th e y  found th a t  norm al b lo o d  plasma  

in h ib i t e d  in s u l in  in  v i t r o ,  and th a t  t h is  in a c t iv a t io n  was 

q u a n t i t ia t iv e  and governed by th e  tim e  d u rin g  w hich th e  

re ag en ts  were in c u b a te d . Thus 1 , 2 and 3 c . c .  o f  serum  

had no e f fe c t  upon 3 u n its  o f  in s u l in  b u t 4 and 5 c . c .  

dhowed d e f in i t e  in h ib i t io n .  Complete n e u t r a l is a t io n  o f  

th e  in s u l in  occurred  when th is  amount was in cu b a ted  w ith  

10 or 15 oc. o f serum.

I t  was t h e i r  im p ress io n  th a t  th e  in h ib i t o r  was p ro ­

b a b ly , o f th e  n a tu re  o f an enzyme, and s in c e  b lood  c e l ls ,  

p a r t ic u la r ly  le u c o c y te s , were l i k e l y  to  c o n ta in  i t  in  

g re a te r  d eg ree , th e y  in v e s t ig a te d  th e  phenomenon when th ese  

w ere used.

5 c . c .  o f  b lo o d  c e l ls  gave re a c tio n s  s im i la r  to  10 c . c .  

o f p lasm a, b u t no c o n s is te n t 'r e a c t io n  was o b ta in e d  un less



th e  h lo o d  c e l ls  were f i r s t  la k e d . When th is  was done, 

i t  was found th a t  2 c .c .  o f  c e l ls  c o n s is te n t ly  caused  

a g r e a te r  n e u t r a l is a t io n  th a n  10 c .c .  o f  plasm a or 5 c .c .  

o f u n laked  c e l l s .  As l i t t l e  as .5  c .c .  o f la k e d  c e l ls  

caused a d e f in i t e  in h ib i t io n .

The au th o rs  conclude th a t  th e  in h ib i t o r y  substance  

is  m a in ly  i n t r a c e l l u l a r .  They ca rried  out s im i la r  e x p e r i­

ments u s in g  v a rio u s  samples o f b lood  plasm a and c e l l s ,  and 

found th a t  d ia b e t ic  b lood  is  more in h ib i t o r y  th a n  norm al 

b lo o d . The b lo o d  o f p a t ie n ts  w ith  in f e c t io n  a f fe c te d  

in s u l in  in  a s im ila r  manner and to  th e  same degree a& 

d ia b e t ic  b lo o d . Blood from  a c h ild  in  th e  f i r s t  day o f  

an a t ta c k  o f serum s ic k n e s s , which o ccu rred  on th e  1 0 th  

day a f t e r  an in je c t io n  o f d ip h th e r ia  a n t i t o x in ,  showed 

marked in s u l in  in a c t iv a t io n  w hich w a s ,o f c o u rs e ,v e ry  much 

le s s  th an  th a t  found d u rin g  th e  p e r io d  o f toxaem ia . S in ce  

le u c o c y to s is  accompanies v a rio u s  in fe c t io n s ,  an  e n q u iry  

was made as to  w hether w h ite  b lood  c e l ls  had a g re a te r  

in h ib i t o r y  e f f e c t  than  a m ix tu re  o f w h ite  and re d  c e l ls  

to g e th e r . The b lood o f a case o f m yelo id  leukaem ia  

g iv in g  a count o f 900,000  w h ite s  and 900 ,000  re d s , was 

used. The leukaem ic b lood  showed a g r e a te r  in a c t iv a t in g  

power th an  d id  norm al b lo o d . In s u l in  re s is ta n c e  was a ls o



n o tic e d  in  r a b b its  a f t e r  th e  in je c t io n  o f ty p h o id  v a c c in e , 

b u t was in c o n s ta n t.

These o b s e rv a tio n s  were l im i t e d  to  in  v i t r o  ex ­

p e r im e n ts . The e x p la n a tio n  o f th e  phenomenon is  

e n t i r e ly  c o n je c tu r a l .  K a r e l i t z ,  Cohen and le a d e r  quote  

E p s te in  and R o se n th a l to  th e  e f f e c t  th a t  t r y p s in ,  under 

c o n d it io n s  o f surm ised in c re a s e d  p e r m e a b il i ty  o f  th e

p a n c re a t ic  c a p i l l a r i e s ,  may pass in to  th e  b lo o d  s tream  w ith
(5 )

r e s u lta n t  in a c t iv a t io n  o f th e  in t e r n a l  s e c r e t io n . C o ll ip

suggested th a t  in s u l in  re q u ire s  a complement f o r  i t s  a c t io n ,
(6 )  (7 )

w h ile  Lundsgaard and o th ers  have a ttem p ted  to  show th a t  a

c o -fe rm e n t is  n ecessary  f o r  th e  e f f e c t iv e  a c t io n  o f  in s u l in

upon carb o h yd ra te  m etabo lism .

I t  is  C onceivab le  th a t ,  when th e  c e l ls  a re  in ju r e d  as

th e y  a re  du ring  in f e c t io n  and in to x ic a t io n ,  an abnorm al

s ta te  e x is ts  e n a b lin g  a fe rm e n t to  a c t  upon in s u l in .
( 8 )

Lawrence and McCance, how ever, h o ld  th e  v iew  th a t  

in s u l in  re s is ta n c e  is  no t due to  sep s is  or toxaem ia bu t 

to  th e  accompanying b o d ily  changes. In  support o f  th is  

c o n te n tio n  th e y  d e s crib ed  an unusual case o f s e p tic a e m ia  

caused by th e  staphylocuccus a u re u s . The in s u l in  r e q u ir e -



mjents, a f t e r  an i n i t i a l  in c re a s e , became p r e g re s s iv e ly  

le s s  as th e  s ep s is  grew w o rse , th e  re d u c t io n  c o in c id in g  

w ith  a f a l l i n g  te m p e ra tu re  and a f a i l u r e  o f r e a c t iv e  

pow er.

They re g a rd  a s u c c e s s fu l te rm in a t io n  o f in f e c t iv e  

processes as b e in g  due to  th e  a c t i v i t y  o f th e  th y ro id  

and a d re n a l g la n d s . I f  a p a t ie n t Ts r e a c t io n  f a i l s ,  

as in  t h e i r  c a se , i t  in d ic a te s  th a t  th y r o id -a d re n a l  

e x h a u s tio n  has come ab o u t, whereby th e  re co g n is e d  a n ta ­

gonism o f these  glands is  rem oved, w ith  r e s u lta n t  o v e r­

a c t io n  o f in s u l in .  In  th is  way th e  in s u l in  re q u irem en ts  

became le s s  as th e  sepsis  grew worse and r e a c t io n  f a i l e d .



BIBLIOG-BAPHY.

1 .  SWEENBY, J . S . ,  and LACKEY, R .W .: A rc h .In t .M e d .
4 1 :2 :2 5 7 :1 9 2 8 .

2 . SWEENEY, J .S . :  Ib id .
4 1 : 3 :4 2 0 ;1 9 2 8 .

3 .  LAWRENCE, R .D . ,  and BUCKLEY, O .B .:  B r i t :J o u r n .E x p .
P a th . ¥ 1 1 1 :5 8 :1 9 2 7 .

4 .  K A R ELIIZ , S . ,  COHEN, P . ,  and LEADER, S .D .:  A r c h . In t .
Med. 4 5 :5 4 6 :1 9 3 0 .

5 . COLLIP, J .B . :  A m e r.J o u rn .P h y s io l. 6 3 :9 1 :1 9 2 3 .

6 .  LUNDSCAARD, C . ,  HOLBALL, S .A . ,  and GOTTSCHALK, A .:
Jo u rn .B io l.C h em . 7 0 :8 9 :1 9 2 6 .

7 . BRUG-SCH, I  • ,  and BURSTERS, H . : M e d .K lin . 2 2 :8 1 :1 9 2 6 .  

AHLGREN, G-.: K lin .W c h n s c h r. 3 :1 1 5 8 :1 9 2 4 .

8 .  LAWRENCE, R .D . ,  and MeCANCE, R .A .:  B .M .J . M ay:749:1931



C H A P T E R  I T

The C l in ic a l  and L a b o ra to ry  

Methods Employed.



The Clinical and Laboratory Methods Employed.

1 .  A d m in is tra t io n  The te s ts  f o r  g lucose to le ra n c e  were  
o f G lucose.

c a r r ie d  out a f t e r  a f a s t in g  p e r io d  

o f n o t le s s  th an  12 h o u rs 1 d u ra t io n . O ra l a d m in is tr a t io n  

o f a s o lu t io n  o f g lucose in  w a te r was th e  method adopted  

i n  p re fe re n c e  to  g lucose by th e  in trav en o u s  r o u te . The 

c o lla p s e d  s ta te  o f th e  s u p e r f ic ia l  v e in s  and th e  f a c t  th a t  

th e  s u b je c ts  o f th e  in v e s t ig a t io n  were m a in ly  c h ild r e n  in  

whom th e  v e in s  a re  s m a ll were obvious d isadvantages o f  

th e  l a t t e r  method. In tra ven o u s  te c h n iq u e , in  a d d it io n ,  

re q u ire s  tim e  and d e l ib e r a t io n  and f o r  th ese  i t  was deemed 

u n s u ita b le  f o r  th e  in v e s t ig a t io n  in  hand. Advantages o f  

th e  method a re  accuracy o f dosage and absence o f v o m itin g  

fo l lo w in g  a d m in is tra t io n . V o m itin g , w hether o f c a rd ia c  

o r ig in  or due to  a c id o s is , is  a common occurrence d u rin g  

th e  course o f d ip h th e r ia .  When i t  occurred  d u rin g  th e  

g lucose  to le ra n c e  te s ts  i t  was th e  means whereby many 

cases were lo s t  f o r  th e  purposes o f th e  in v e s t ig a t io n .  The 

b a la n c e  o f th e  fa c to rs  concerned favo u re d  a d m in is tra t io n  

o f g lucose by th e  mouth, and th is  was th e  procedure f o l ­

lowed th ro u g h o u t. The g lucose Y/as g iv e n  on an empty 

stom ach. Pure m e d ic in a l g lucose was used and i t  was d is -



s o lv e d  in  w a te r in  th e  p ro p o r tio n  o f 4 grams g lucose  to  

1 f l u i d  ounce o f w a te r ,

2 . W ith d raw a l o f C a p i l la r y  b lood  from  th e  p u lp  o f th e  
B lood.

f in g e r  was used f o r  th e  e s t im a tio n  

o f b lo o d  sugar and b lood s h o le s te r o l .  Success in  b lo o d  

sugar work depends v e ry  much upon th e  tec h n iq u e  evo lved  

f o r  o b ta in in g  b lood specim ens. The fo l lo w in g  is  an a c ­

count o f th e  tech n iq u e  w hich was found to  g iv e  th e  b e s t  

r e s u l t s .

A s e t o f f l a t  s u r g ic a l needles o f th e  Hagedorn typ e  

was used. These were kep t sharp on a s m a ll carborundum  

hone. A b lu n t n e e d le , in v a r ia b ly ,  g ive s  poor r e s u l t s .

The f in g e r  n a i ls  were trim med s h o rt and th e  hand was 

th o ro u g h ly  c leaned  by scrubbing  w ith  soap and warm w a te r .  

T h is  has th e  fu r th e r  e f f e c t  o f in c re a s in g  th e  c i r c u la t io n  

th ro u g h  th e  p a r t .  S in ce  specimens a re  re q u ire d  a t  i n t e r ­

v a ls  d u rin g  2 -2 §  hours (re q u ire d  f o r  to le ra n c e  te s ts )  th e  

hand and w r is t  were enclosed in  a c le a n  to w e l a p p lie d  a f t e r  

th e  manner o f a g a u n t le t .  S h o r t ly  b e fo re  th e  w ith d ra w a l 

o f each specimen o f b lood th e  hand was immersed in  a b a s in  

o f  warm w a te r w h ich , in  c o n ju n c tio n  w ith  l i g h t  f r i c t i o n  o f  

th e  fo re a rm , a id ed  th e  f lu s h in g  o f th e  p a r t  w ith  b lo o d . No 

procedures were adopted w hich m ight cause p a ss ive  conges­



t io n  o f  th e  f in g e r s  and. th e re b y  in t e r f e r e  w ith  th e  

accu racy  o f th e  r e s u l t s .  In  p a r t ic u la r  squeezin g  o f  

th e  punctures in  o rder to  o b ta in  more b lo o d  must be a v o id  

ed. I t  was found unnecessary w ith  th e  p re s e n t te c h n iq u e  

The second f in g e r  was u s u a lly  chosen. W ith  th e  

palm ar s u rfa c e  fa c in g  upwards th e  f in g e r  was h e ld , a t  th e  

f i r s t  in t e r  p h a lan g e a l j o i n t ,  between th e  thumb and f i r s t  

f in g e r  o f th e  c l i n i c i a n 1 s l e f t  hand. The p a t ie n t Ts hand 

r e s te d  on th e  edge o f th e  bed. A d e l ib e r a te ,  f o r c e f u l  

th r u s t  was made in to  th e  pu lp  o f th e  f in g e r ,  a f t e r  s t e r ­

i l i s a t i o n  w ith  e th e r . A new ly-sharpened  n ee d le  was used 

f o r  each case , and was h e ld  between th e  second f in g e r  and 

thumb o f th e  o p e ra to rTs r ig h t  hand. The b lood p ip e t te  

c o u ld  th e n  be h e ld  in  re a d in e s s , p e n c il -w is e , between th e  

f i r s t  and second f in g e r s .  The b lood was a llo w ed  to  ru n  

in to  th e  p ip e t te  w hich was h e ld  w ith  a s l ig h t  in c l in a t io n  

downwards, a i r  bubbles b e in g  c a r e f u l ly  avo id ed . I t  was 

foun d  b e t te r  to  aim a t  th e  p re c is e  amount o f b lood  r e ­

q u ire d  r a th e r  th a n  to  r e ly  on a d ju s t in g  th e  b lood  column 

i n  th e  p ip e t te  when too much b lood  has been w ith d raw n .

T h is  takes  t im e , a llo w s  c lo t t in g  and, as o f te n  as n o t ,  

r e s u lts  in  " p u ll in g "  th e  column below th e  re q u ire d  m ark. 

P re c is io n  saves tim e , p reven ts  c lo t t in g ,  is  more a c c u ra te



and is  e a s i ly  accomplished^ w ith  p r a c t ic e .  When too much 

b lo o d  was a llo w e d  to  e n te r  th e  p ip e t te  i t  was foun d  to  be 

th e  b e s t procedure to  coax th e  column down by c a p i l l a r y  

a t t r a c t io n  oh th e  smooth s k in  a t  th e  edge o f th e  o p e r a to r ’ s 

hand. Gauze is  too absorbent f o r  th is  purpose. The 

o u ts id e  o f th e  p o in t  o f th e  p ip e t te  is  b e s t c lean ed  o f  

a d h e rin g  b lood w ith  a s m a ll p ie c e  o f  m oist s i l k .  I t  was 

co n s id e re d  s u f f ic ie n t  rew ard  f o r  th e  e la b o ra t io n  th a t  th is  

method gave good r e s u lts .  In  no case d id  a s e p t ic  f in g e r  

r e s u l t  from  th e  p u n c tu re .

3 .  E s tim a tio n  o f  B lood A c o lo r im e tr ic  method was f a v -  
S u g ar.

oured because o f th e  advantages  

w hich i t  o f fe r s  in  making a c c u ra te  b lood  sugar d e te rm in ­

a t io n s . I t  is  p a r t ic u la r ly  s u ite d  to  in v e s t ig a t io n s  in  

c h ild re n  because o f th e  s m a ll q u a n t ity  o f  b lood  r e q u ire d ,  

and f o r  c l in ic ia n s  i t  has th e  a p p e a l o f  r a p id i t y  when a 

w ide survey  o f th e  b lood sugar is  co n tem p la ted .

V ario u s  techniques a re  a v a i la b le  fo r  th e  m ic ro ­

e s tim a tio n  o f b lood s u g ar. The method used was th a t  o f

F o l in  and Wu, as adapted by W a llis  f o r  .1  c . c .  o f b lo o d .
(1 )

The method is  d escrib ed  by H a rr is o n  on whose d e s c r ip t io n  

th e  fo l lo w in g  account is  based. W ith  th e  e x ce p tio n  o f  

th e  s to c k  glucose s o lu t io n  the. reag en ts  re q u ire d  a re  th e



same as in  th e  o r ig in a l  method o f F o l in  and Wu. The

p ro te in s  a re  p r e c ip i ta te d  from  th e  b lo o d  and th e  b lo o d
*

sugar is  es tim ated  c o lo r im e t r ic a l ly  in  th e  f i l t r a t e .

PRINCIPLE: The p ro te in s  a re  p r e c ip i ta te d  w ith  Tung- 

s t ic  A c id  w hich is  form ed by th e  in te r a c t io n  o f  sodium  

tu n g s ta te  and s u lp h u ric  a c id . The p r o te in  f r e e  f i l t r a t e  

is  t r e a te d  w ith  an a lk a l in e  c u p rie  t a r t r a t e  s o lu t io n  

under s tan d ard  c o n d it io n s . I t  is  th e n  t r e a te d  w ith  a 

s o lu t io n  o f phosphomolybdic a c id  which is  reduced in  

p ro p o r t io n  to  th e  amount o f cuprous s a l t  and, th e r e fo r e ,  

in  p ro p o r tio n  to th e  q u a n tity  o f sugar p re s e n t. The 

compound form ed by th e  re d u c t io n  o f th e  phosphomolybdic 

a c id  is  b lu e  and th e  in te n s i ty  o f  c o lo u r is  compared in  

a c o lo r im e te r  w ith  th a t  o f a s tan d ard  s o lu t io n  o f pure  

g lu co se  tr e a te d  in  a s im ila r  manner.

APPARATUS: Set o f f l a t  Hagedorn n o d d ies .
.1  c . c .  b lood p ip e t te s .
2 c . c .  re ag en t p ip e t te s  ( 4 ) . -
1 c . c .  re a g en t p ip e tte s  ( 3 ) .
P yrex  c e n tr ifu g e  tu b e s .
S m all p o in te d  s t i r r i n g  ro d .
F i l t e r  papers (7  cm. Whatman N o .4 1 ) .
F o l in  sugar tu b e s .
S m all f i l t e r  fu n n e ls .

The F o l in  sugar tubes a re  c o n s tr ic te d  in  t h e i r  low er  

t h i r d  in to  a stem, which te rm in a te s  in  a b u lb  h o ld in g  a 

f r a c t io n  le s s  than  4 c . c .  o f f l u i d .  The 4 c . c .  mark is



p la c e d  on th e  stem  ju s t  above th e  b u lb , th e  tu b e  i t s e l f  

b e in g  marked o f f  a t  1 2 .5  c . c .

REAGENTS. .

1 .  10?& sodium tu n g s ta te  (NasWO^SHgO) )
2 . 2 /g N . s u lp h u r ic  a c id .  ) As in
3 . F o l in  and Wu a lk a l in e  copper r e a g e n t . )  o r ig in a l
4 .  Phosphomolybdic a c id  re a g e n t. ) method

5 . S to ck  g lucose s o lu t io n , .1 ft
6 . S tandard  g lucose s o lu t io n , .005fo

PREPARATION o f REAGENTS.

1 .  S tock  sugar s o lu t io n s . These s o lu tio n s  a re  made in  

a s a tu ra te d  s o lu t io n  o f benzo ic  a c id  in  w a te r ( s o l u b i l i t y  

1 :4 0 0 ) .  A s a tu ra te d  s o lu t io n  o f benzo ic  a c id  is  p r e ­

p ared  by adding 2 .5  gm. to  1000 c . c .  o f b o i l in g  w a te r and 

a llo w in g  to  c o o l. T h is  g iv e s  a 0,25f° s o lu t io n  o f benzo ic  

a c id .  0 .1  gm. o f pure dry  g lucose is  d is s o lv e d  in  100 c c . 

o f th e  s a tu ra te d  benzo ic  a c id  s o lu t io n . Th is  s o lu t io h  

keeps in d e f in i t e l y  and th e  s tan d ard  glucose s o lu tio n s  a re  

p rep ared  f r e s h ly  from  i t  fo r  each s e r ie s  o f e s t im a tio n s .

2 . S tandard  g lucose s o lu t io n . 5 c . c .  o f s to c k  g lucose  

s o lu t io n  a re  d i lu te d  in  100 c . c .  s a tu ra te d  b en zo ic  a c id  

s o lu t io n  in  a 100 c . c .  v o lu m e tr ic  f la s k .  Th is  g ive s  a 

s ta n d a rd  .005^ s o lu t io n  o f w hich 1 c . c .  equals .0 5  mg. o f  

g lu c o s e . Fresh  s tan d ard  s o lu t io n s  do no t keep and s h o u ld , 

th e r e fo r e ,  be p rep ared  im m e d ia te ly  b e fo re  use.
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3 .  F o l in  and WuTs A lk a l in e  Copper R eag en t. 40 g . o f  

anhydrous sodium carb onate  a re  d is s o lv e d  in  400 c . c .  o f  

w a te r ,  and th e  r e s u lt in g  s o lu t io n  is  t r a n s fe r r e d  to  a 

l i t r e  f l a s k .  7 .5  g . o f t a r t a r i c  a c id  a re  added, and when 

t h is  has d is s o lv e d , 4 .5  g . o f c r y s t a l l in e  copper s u lp h a te  

a re  added. A f te r  thorough sh a k in g , th e  substances d is ­

s o lv e  and th e  volume is  made up to  a l i t r e .

4 .  M olybdio A cid  S o lu t io n . 35 g . o f m olybdic a c id  and 

5 g . o f sodium tu n g s ta te  a re  added to  a l i t r e  b e a k e r , t o ­

g e th e r  w ith  200 c . c .  o f  1 0 HaOH and 200 c . c .  o f w a te r .

The co n ten ts  o f th e  beaker a re  th e n  b o ile d  f o r  h a l f  an  

hour o r so to  remove th e  ammonia from  th e  m olybdic a c id .  

A f te r  c o o lin g , th e  s o lu t io n  is  t r a n s fe r r e d  to  a 500 c . c .  

m easuring f la s k ,  and d i lu te d  to  about 350 c . c .  125 c . c .  

o f 85fo phosphoric a c id  a re  th en  added and th e  volume is  

made up to  500 c . c .

5.  £. IT. S u lp h u ric  A cid  S o lu t io n . (20  c . c .  HgSO^ in  
3

500 c . c .  HgO). The a c id  used was s ta n d a rd is e d  and had a 

f a c t o r  z .6671m.

TECHNIQUE:-

i .  M ix  in  a graduated p yrex  c e n tr ifu g e  tube  th e  f o l lo w ­

in g : 3 .5  c . c .  d i s t i l l e d  w ater
.1  c . c .  blood
.2  c . c .  lOfi sodium tu n g s ta te  
.2  c . c .  IT. s u lp h u ric  a c id .



A llo w  to  s ta n d  f o r  10 m inutes by  w hich tim e  th e  p r o te in

p r e c ip i t a t e  w i l l  have clumped. C e n t r i fu g a l is a t io n  shou ld

r e s u l t  in  a c r y s t a l - c le a r  s u p e rn a ta n t f l u i d .  T h is  is

f i l t e r e d  th roug h  a s m a ll washed f i l t e r  paper (Whatman,

H o .4 1 , 7 c m . ) .

i i .  In to  a F o l in  sugar tu b e  p ip e t te  -

2 c . c .  b lood  f i l t r a t e  
2 c . c .  a lk a l in e  copper s o lu t io n .

In to  2 more F o l in  sugar tu b e s , A and B, p ip e t te  -

A . B . J;

2 c . c .  .005^  glucose 1 c . c .  d i s t i l l e d  w a te r
2 c . c .  a lk a l in e  copper s o lu t io n . 1 c . c .  b lood  f i l t r a t e ——'

2 c . c .  a lk a l in e  copper s o l .

These a re  th e  s tandard  s o lu t io n s . A is  th e  S trong

S tandard  z .1  mg. g lu co se , and B is  th e  Weak S tandard

= .05  mg. g lu c o s e .

The tubes a re  th e n  p laced  in  a b o i l in g  w a te r b a th  f o r  

e x a c t ly  6 m in u tes . They a re  th en  a llo w e d  to  c o o l - fo r  1 o r  

2 m inutes o n ly . I f  c o o lin g  is  pro longed  or i f  th e  tubes  

a re  shaken, th e re  is  a r i s k  o f o x id a t io n  o f  th e  cuprous 

o x id e  by th e  atm osphere.

To each tu b e  is  added 2 c . c .  phosphomolybdic a c id .  

D i s t i l l e d  w ater is  run in  from  a b u re t te  to  th e  1 2 .5  mark 

and th e  con ten ts  a re  mixed by in v e rs io n .



The unknown is  th e n  compared- in  th e  c o lo r im e te r  w ith  th e  

S tandard  w hich most c lo s e ly  matches i t  in  c o lo u r .

i i i .  C a lc u la t io n . The unknown U is  p lac e d  in  th e  

le f t - h a n d  cup and se t a t  4 0 . The s tan d ard  S is  p lac e d  

in  th e  r ig h t-h a n d  cup and th e  ra c k  on th a t  s id e  is  a d ju s te d  

t i l l  th e  co lours  m atch.

S tandard  A: The s tandard  co n ta in s  2 c . c .  o f 0 .005 f*

g lu c o s e .

100 c . c .  o f s tandard  s o lu t io n  n 5 mgm. g lu c o s e .

1 O . e .  " " " -  " "

O n r> tt TT » ' 5 X 2 IT II2 0 .0 . - - ^ 3-

s 0.1 " "

S tandard  B: The s tandard  c o n ta in s  1 c . c .  o f  0 .0 0 5 0  

g lu c o s e .

100 c . c .  o f s tan d ard  s o lu t io n  = 5 mgm. g lu c o s e .

1 c . c .  * " TT = .05  w "

L e t S be th e  re a d in g  o f th e  s ta n d a rd , U th e  re a d in g  o f  

th e  unknown, and l e t  X be th e  amount o f sugar in  mgm. in  

th e  2 c . c .  b lood f i l t r a t e  ta k e n .
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Then f o r  s tan d ard  A , „

X x U » 0 . 1 x S

X s P. mgm. g lucose

B u t,
4  c . c .  B lood f i l t r a t e  a re  d e r iv e d  from  0 .1  c . c .  "blood 

2 c . c .  n 11 TI " " 0 . 0 5  c . c .  "

0 . 0 5  c . c .  blihod co n ta in s  IhJzJL ,.s. mgm.glucose

# *• 1 c . c . 0 . 1  x  S 
. 05  x  U

100 o.o. « " Ojl-L^.,3.?. AQ9. ..
.05 x  U

SH Tfr x  200

F o r s ta n d a rd  B,

X x  U s .05 x  S
x , -P P .x . i  

u

B u t,
4 c . c .  b lood f i l t r a t e  a re  d e riv e d  from  0 .1  c . c .  b lo o d . 

2 c . c .  " n " " ,T 0 . 0 5  c . c .  "

0 . 0 5  c . c .  b l lo d  co n ta in s  S

* -\ n n n it 0 . 0 5  X S# * J. o . . 1 "" 1 1
0 . 0 5  x  U

• TI n 0 . 0 5  x  S X 100
• • 100 c *c * 0 . 0 5  x  U

= x  100



I f  t h e  unknown U i s  s e t _ a t  4 0 ,

Then w ith  s tan d ard  A ,
S

100 c . c ,  b lood  c o n ta in  T? x  200 mgm g lucose

-  JL x 200 " "
40

s & x  5 n "

And w ith  s tan d ard  B,
g

100 c . c ,  b lood  c o n ta in  ~  x  100 mgm. g lucose

= ^  x  100 «

= S x  2 .5  " "

A b b re v ia te d  Method o f C a lc u la t io n :
g

W ith  s tan d ard  A b lood  sugar : ^ x 0 , l x  2000 » S x  5 mgm.f*

JL
40B " " *  —  x  0 , 0 5  x  2000 =S  x  2 .5  n ”

i v .  O b se rv a tio n s . The b lood  was c o lle c te d  in  ,1  c . c .  

b lo o d  p ip e tte s  o f which s e v e ra l were k e p t re ad y  f o r  use.

A s e r ie s  o f p yrex  c e n tr ifu g e  tubes was c a r r ie d  in  a wooden 

t e s t  tube ra c k  h o ld in g  12 tu b e s . B efo re  th e  b lood  was 

drawn 3 .5  c . c .  o f d i s t i l l e d  w a te r was p ip e t te d  in to  th e  

f i r s t  tu b e . The b lood was th e n  d ischarged  from  th e  b lood  

p ip e t te  d i r e c t ly  in to  th e  d i s t i l l e d  w a te r , th e  p ip e t te  

b e in g  washed th o ro u g h ly  w ith  th e  l a t t e r .  I f  th e  b lo o d  was



d isch a rg ed  in to  th e  depths o f  th e  w a te r by g e n t le  ta p p in g  

a g a in s t  th e  s id e  o f  th e  tu b e , a s u f f ic ie n t  g u a n t ity  o f c le a r  

s u p e rn a ta n t f l u i d  was o b ta in a b le  to  ensure accu racy  in  wash­

in g  th e  p ip e t t e .  The tu n g s ta te  s o lu t io n  and th e  s u lp h u r ic  

a c id  were th e n  added, p r o te in  p r e c ip i t a t io n  and e s t im a tio n  

b e in g  c a r r ie d  out fo r th w ith .  I t  was foun d  co n v e n ien t to  

use a s m a ll b lu n t  p o in te d  g las s  s t i r r i n g  ro d  to  e f f e c t  com­

p le t e  ad m ix tu re  o f th e  re a g e n ts .

The p ip e t te s  must be k e p t s c ru p u lo u s ly  c le a n . A f te r  

each experim ent th e  p ip e t te s  were f lu s h e d  s e v e ra l tim es in  

a h o t m ix tu re  o f s u lp h u r ic  a c i d  and potassium  b ich ro m ate  

c o n ta in e d  in  a t e s t  tu b e . They w ere th e n  washed in  d is ­

t i l l e d  w a te r , a lc o h o l and e th e r . The p ip e tte s  were th en  

blown d ry  using  g e n t le  h ea t and a ru b b er a i r  b u lb  w ith  tu b e .

A ccuracy in  th e  measurement o f th e  reag en ts  is  essen­

t i a l .  A lthough graduated  p y rex  c e n tr ifu g e  tubes were 

used i t  is  im p o rta n t to  no te  t h a t ,  a lth o u g h  th e y  may re a d  

a c c u ra te ly  over th e  w hole s c a le ,  th e y  may re a d  in a c c u r a te ly  

a t  th e  in te rv e n in g  le v e ls .  Those used w ere s e le c te d , a f t e r  

c h ec k in g , bu t i t  must be p o in te d  out th a t  in  no case were  

m icro-m easurem ents made in  any o th e r way th a n  by means o f  

s p e c ia l ly  procured  p ip e t te s .  A t th e  v e ry  most,  g raduated  

tubes se rve  only as a check upon oneTs measurements in  th e



e a r ly  stages o f th e  in v e s t ig a t io n ,  b e fo re  ac c u ra c y  has 

become a h a b i t ,

The re ag e n ts  used must be c a r e f u l ly  and a c c u ra te ly  

p re p a re d , The s u lp h u r ic  a c id  used had a n o rm a lity  

f a c t o r  o f  ,6 67 .

A ccu ra te  measurement o f th e  re ag en ts  used is  e q u a lly  

e s s e n t ia l .  The p ip e t te s  used were s p e c ia l ly  p rocured  

and these  w ere la b e l le d ,  by means o f " ta g s "  o f adhes ive  

ta p e , w ith  th e  names o f th e  s o lu t io n s  th e y  were in ten d e d  

to  m easure. Each p ip e t t e ,  th e r e fo r e ,  was k e p t f o r  b u t  

one purpose.

The procedure o f w ith d ra w in g  th e  b lood  d i r e c t ly  in to  

th e  p ip e t te  was adhered to  th ro u g h o u t. A t f i r s t  th e  

b lo o d  was c o lle c te d  in to  s m a ll g las s  com bustion tubes  

m easuring 4 x  1 c m . , in to  which had been p laced  p re v io u s ly  

a s m a ll p in ch  o f f i n e l y  powdered potassium  o x a la te  w ith  

th e  o b je c t o f  p re v e n tin g  c lo t t in g .  The procedure was 

abandoned in  fa v o u r o f th e  method d e s c rib e d , as th e  o x a la te
6o      _

*  The re ag en ts  used were s u p p lie d  by Messrs The B r i t is h
Drug Houses L t d . ,  Graham S t r e e t ,  C i ty  Road, London N . l ,

* *  The b lood  sugar and re ag e n t p ip e t te s  were s u p p lie d  by
Messrs G r i f f i n  & T a t lo c k , S c ie n t i f i c  In s tru m e n t M akers , 
45 Renfrew  S t r e e t ,  Glasgow C . 2 .  The p yrex  c e n tr ifu g e  
tubes and F o l in  sugar tubes were s u p p lie d  by Messrs 
M cC ulloch , B ro thers  & W ils o n , S c ie n t i f i c  G las s b lo w e rs , 
46a West P rin ce s  S t r e e t ,  Glasgow C . 4 .



was found  to  in t e r f e r e  w ith  p r o te in  p r e c ip i t a t io n .  V a r ­

io us  procedures have been fo rm u la te d  to  p re v e n t th is  

e f f e c t  o f th e  o x a la te  b u t none showed any ad van tag e , a f t e r  

t r i a l ,  over th e  s im p le r method used.

In  v iew  o f th e  p o s s ib i l i t y  o f g ly c o ly s is  e s tim a tio n s  

w ere c a r r ie d  out a t  once. In  any s e r ie s  o f exp erim en ts , 

th e  r e s u lts  o f w hich a re  to  be compared, u n ifo r m ity  in  

th e  tim e  taken  by th e  v a rio u s  steps in v o lv e d  is  e s s e n t ia l .  

The tim e  d u rin g  w hich th e  sugar tubes rem a in  in  th e  w a te r  

b a th , and coo l on b e in g  removed from  i t ,  a re  im p o rta n t in  

t h is  r e s p e c t .

4 ,  The E s tim a tio n  o f In  th is  in v e s t ig a t io n  th e  c h o le s -  
Blood C h o le s te ro l.

t e r o l  o f w hole b lood was in v e s t i ­

g a te d . The o n ly  a b s o lu te  method o f e s tim a tin g  c h o le s te ro l  

is  th e  g ra v im e tr ic  method o f W indaus, w hich in v o lv e s  th e  

p r e c ip i t a t io n  o f c h o le s te ro l in  com bin ation  w ith  d ig i to n in .  

The method is  c o s t ly  and ted io u s  and i t  has, m oreover, th e  

d is c [u a l i f ic a t io n  o f r e q u ir in g  la r g e r  q u a n t it ie s  o f  b lood  

th a n  a re  p ra c t ic a b le  in  c l i n i c a l  w ork .

I n  o rd er to  c a r ry  out th e  n e c e s s a r ily  la rg e  number o f  

c h o le s te r o l es tim a tio n s  re q u ire d  a m icro-m ethod was d e s ir ­

a b le  such as could  be c a rr ie d  out e x p e d it io u s ly  and w ith  a
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s m a ll q u a n tity  o f  m a t e r ia l . -
( 2 )

In  1924 L e tb o ff  d e s c rib e d  a method o f  e s t im a tin g

th e  t o t a l  "blood c h o le s te r o l ,  w hich re q u ire d  o n ly  .2 5  c.cm.

o f  "blood. The method employed in  th is  work is  th e  L e i -
( 2 )

"boff method as m o d ifie d  "by D u tto n . The p r in c ip le  in  

"both th e  o r ig in a l  and th e  m o d ifie d  method is  e s s e n t ia l ly  

th e  same, in v o lv in g  th e  e x t r a c t io n  o f c h o le s te ro l from  

a "blood im pregnated f i l t e r  d is c  "by means o f c h lo ro fo rm  

d i s t i l l a t i o n .  In  th e  o r ig in a l  method i t  is  d i f f i c u l t  

to  p re v e n t w ater from  fo rm in g  w i th in  th e  e x t r a c t io n  tube  

hy condensation  o f steam  from  th e  w a te r "bath in  w hich d is ­

t i l l a t i o n  is  c a r r ie d  o u t. This d isad van tag e  has "been 

overcome in  D u tto n ’ s method*

The method has a fu fc ther obvious advantage in  th e  

f a c t  th a t  th e  e s tim a tio n  is  c a r r ie d  out in  th e  same tube  

as th a t  used f o r  e x t ra c t io n , an arrangem ent w hich secures

c o n s e rv a tio n  o f th e  c h o le s te ro l and a id s  a c cu racy . In  th e
( 4 )

method o f layers and V /a rd e ll one cubic  c e n tim e tre  o f b lood  

is  absorbed in  p la s te r  o f P a r is .  The m ix tu re  is  d r ie d ,  

p u lv e r is e d  and tra n s fe r re d  to  a f i l t e r  paper e x t r a c t io n  

th im b le . In  th is  manoeuvre lo ss  is  l i a b le  to  be su s ta in e d  

i n  th e  t r a n s fe r  o f th e  m a te r ia l  from  th e  m o rtar to  th e  

e x tr a c t io n  a p p a ra tu s , w ith  consequent in ac c u ra c y  o f th e  

amount re c o rd ed .



The M ic ro -E s tim a tio n  o f Blood C h o le s te ro l by th e
L e ib o f f  Method as m o d ifie d  by D u tto n .

APPARATUS:

S et o f tubes w ith  condensers. 
E ther e x tra c te d  f TT f i l t e r  d i s c s .  
W ater b a th  and m ic ro -b u rn e r . 
Blood p ip e tte s  .25  c . c .
Reagent p ip e t te  2 c . c .
Reagent p ip e t te  .1  c . c .
.Rubber tu b in g .

THE FTSTHOD: The apparatus  c o n s is ts  o f a tube 6 n lo n g

and .1" in  d ia m e te r; i t  is  c o n s tr ic te d  a t  th e  lo w er end 

and te rm in a te s  in  a bu lb  a f t e r  th e  manner o f  th e  E o l in  

sugar tu b e . The bu lb  co n ta in s  s l ig h t ly  le s s  th a n  5 c . e m s . ,  

t h is  le v e l  b e in g  marked on th e  stem ju s t  above th e  b u lb .

The f i l t e r  d isc  absorbs a measured q u a n t ity  o f b lood  w hich  

is  th e r e a f te r  d r ie d  to  f r e e  i t  from  m o is tu re . The f i l t e r  

d iscs  a re  o f such a s i z e  th a t  when one is  p laced  w ith in  

th e  tu b e , i t  r e s t s  h o r iz o n ta l ly  on th e  shou lder o f th e  tube  

a t  th e  upper end o f th e  c o n s t r ic t io n .  Suspended in  th e  

upper p a r t  o f  th e  tube is  a s im p le  condenser. When h e a te d , 

c h lo ro fo rm  vapour r i s e s  upwards, and to  f a c i l i t a t e  i t s

R eagents: .08^  s to ck  s o lu t io n  o f c h o le s te ro l
in  c h lo ro fo rm .

A c e t i c  a n h yd rid e . 
C o n cen tra ted ^ su lp h u rie  a c id .
Pure ch lo ro fo rm .
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passage two s m a ll c rescen ts  may "be n ib b le d  from  o p p o s ite  

edges o f th e  f i l t e r  d is c . The c h lo ro fo rm  vapour con­

denses and a co n s tan t d r ip  pours from  th e  lo w er end o f  

th e  condenser upon th e  b lood  s a tu ra te d  f i l t e r  d is c .  The 

c h o le s te ro l is  e x tra c te d  from  the  b lo o d  and is  c a r r ie d  

down in to  th e  bu lb  by th e  s tream .

TECHNIQUE; The b lood  specimen may be c o lle c te d  from  a 

f in g e r  p r ic k  s t r a ig h t  in to  th e  0 . 2 5  c.cm.  p ip e t te ;  i t  is  

d isch arg ed  on to  a f i l t e r - p a p e r  d isc  f- in .  in  d iam e te r c u t  

from  Whatman f i l t e r  paper 1 /1 6  in .  th ic k ;  th e  d iscs  shou ld  

be e th e r -e x tr a c te d  in  b u lk  b e fo re  use.

In  o rd er to  get r i d  o f w ater th e  d isc  w ith  th e  absorb ­

ed b lood  is  d r ie d  by g e n t le  h e a tin g  f o r  h a l f  an hour a t  

between 40°C and 50°C . A l i t t l e  le s s  th a n  5 c.cm.  pure  

d ry  c h lo ro fo rm  is  poured in to  th e  e x tra c t io n  tube and th e  

d r ie d  im pregnated f i l t e r - p a p e r  d isc  is  dropped in to  th e  

tube  where i t  rem ains supported  ju s t  above th e  c o n s t r ic t io n .  

The condenser is  p lace d  in  p o s it io n  and th e  tube immersed 

to  th e  le v e l  o f th e  ch lo ro fo rm  in  a b a th  o f b o il in g  w a te r .  

5bctraction  has been found to  be com plete in  20 m in u tes , 

b u t h a l f  an hour is  u s u a lly  a llo w e d . The tube is  removed 

from  th e  b a th , wiped d ry , and the  condenser and d isc  a re  

removed; wheh the  tu b e  has eooled to  room tem p e ra tu re ,



ch lo ro fo rm  is  added e x a c t ly  f̂co th e  5 c.cm.  m ark, -^ s t i-  

m atio n  is  perform ed in  th e  u s u a l way m aking use o f th e  

Lieberm ann-B urchard r e a c t io n ;  5 c .cm.  o f  a s tan d ard  s o l ­

u t io n  o f c h o le s te ro l c o n ta in in g  0 .4  mg. c h o le s te r o l p e r

5 c.cm.  is  p la c e d  in  a s im i la r  tu b e; to  b o th  s tan d ard  and 

t e s t  a re  added 2 c.cm. a c e t i c  anhydrid e  and 0 .1  c .cm.  con­

c e n tra te d  s u lp h u ric  a c id . Cork s toppers  a re  in s e r te d , th e  

tubes a re  th e n  in v e r te d  tw ic e  to  mix w e l l ,  coo led  f o r  h a l f  a 

m inute in  c o ld  w a t e r ,  and s e t  a s id e  in  th e  d ark  f o r  tw e n ty  

m inutes fo r  th e  co lo u r to  d ev e lo p . Comparison is  made w ith  

th e  c o lo r im e te r ,  th e  s tan d ard  b e in g  s e t a t  10 or 15 depend­

in g  on th e  in t e n s i t y  o f co lo u r o f th e  unknown.

CALCULATION: The s tan d ard  s o lu t io n  o f c h o le s te r o l is

p rep ared  by d i lu t in g  10 c . c .  o f  the s t o c k  s o lu t io n  to  100 c .c .  

w ith  c h lo ro fo rm . 5 ccs.  o f th e  s tan d ard  s o lu t io n  c o n ta in  

0 *4  mg, o f c h o le s te r o l.

The c o lo r im e te r  read in g s  g iv e  one th e  amount o f  c h o le s ­

t e r o l  co n ta in ed  in  th e  unknown s o lu t io n  r e la t i v e  to  th a t  

c o n ta in ed  in  th e  s ta n d a rd . T h is  r a t i o  is  m u lt ip l ie d  by  

th e  c h o le s te ro l co n ten t o f th e  s ta n d a rd , i . e .  0 . 4  mg. ,  th e  

r e s u l t  express ing  th e  a b s o lu te  c h o le s te ro l c o n te n t o f th e  

unknown, in  m ill ig ra m s . The amount o f th e  b lood used is  

0 . 2 5  c.cm. To express th e  r e s u l t  as a percen tag e i t  is  th en



necessary  to  m u lt ip ly  by 40 0 .

Retl l l -Tf  S H r  x ° ' 4 x 400 T̂ aB- * er oent-

S I  x  160

ACCURACY o f METHOD: The accu racy  o f th e  method is

shown in  T ab le  , w hich shows a com parison o f th e  mod­

i f i e d  method when compared w ith  th e  o r ig in a l .  V a ry in g  

q u a n t it ie s  o f c h o le s te ro l were absorbed on to  d iscs  and 

e x tra c te d , th e  e x tra c t  b e in g  compared w ith  c o n tro ls  con­

ta in in g  th e  same amounts o f c h o le s te r o l .  C om parative
(5 )  (4 )

e s tim a tio n s  by th e  methods o f B lo o r and W a rd e ll a re  g iv e n

on page 9!
!ab le  I .

Experim ent Bo. 1 2 3 4

Amount o f c h o le s te ro l:
On d isc  ........................
In  c o n tr o l .  . . . .

C o lo rim e te r  re a d in g :
Of c o n t r o l ...................
Of e x tra c t  (u s in g  

l e i b o f f  tu b e )
Of e x tra c t  (u s in g  

m o d ifie d  tu b e )

in .m g . 0 .1  
” 0 .1

in .m m .1 5 .0  
,T 1 4 .9

rr 1 4 .8

0 .2
0 .2

1 5 .0  
1 4 .9

1 5 .0

0 .5
0 .5

1 5 .0
1 5 .1

1 4 .9

1 .0
1 .0

1 0 .0
1 0 .0

1 0 .1

OBSERVATIONS: The lieb erm an n -B u r chard r e a c t io n  produces

a b lu e -g re e n  c o lo ra t io n  in  th e  re ag en ts  due to  a c e ty la t io n  

by th e  a c e t i c  anhydrid e  and condensation  by th e  s u lp h u r ic

\



a c id .  The in t e n s i t y  o f c o lo u r reaches a maximum a f t e r

th e  e lap se  o f a c e r t a in  tim e  w hich is  quoted v a r io u s ly  by
( 6 )

d i f f e r e n t  w o rk e rs . G-rigaud ad v ises  re a d in g  a f t e r  th e  r e ­

a c t io n  has been a llo w ed  to  develop f o r  h a l f  an h o u r. A u te n -  

n ( 7 )r e i t h  and Funk a d v ise  a p e r io d  o f tw e n ty  m in u tes . They i n ­

v e s t ig a te d  th e  r a t e  o f developm ent o f th e  c o lo u r in t e n s i t y  

i n  a s tan d ard  s o lu t io n  o f pure  c h o le s te r o l .  To th is  a c e t ic  

an h yd rid e  and s u lp h u r ic  a c i d  were added, com parison b e in g  

made w ith  a s ta n d a rd  green  com parator a f t e r  o b ta in in g  th e  

lieb e rm an n -B u rc h ard  r e a c t io n  in  th e  unknown.

In  e s tim a tin g  th e  b lood  c h o le s te r o l by  th e  m o d ifie d  

l e i b o f f  method, tw en ty  m inutes were a llo w e d  f o r  th e  d e ve lo p ­

ment o f th e  r e a c t io n . U n ifo rm ity  in  r e s p e c t  o f tim e  is  

e s s e n t ia l .  A f te r  th e  a d d it io n  o f  th e  re a g e n ts , th e  s tandard  

and th e  unknown s o lu tio n s  were p laced  in  a dark  room to  p re ­

v e n t fa d in g . Th is  may be reg ard ed  as unnecessary by some, 

who h o ld  th a t  b r ig h t  sunshine o n ly  is  to  be a vo id e d . S in ce  

so much depends upon u n ifo rm ity  however and s in c e  l i g h t  

v a r ie s  in  in te n s i ty  even in  th e  shade, th is  procedure was 

found d e s ir a b le .

A s tan d ard  s o lu t io n  o f c h o le s te ro l was used throug hou t 

f o r  com parison w ith  th e  unknown. A s o lu t io n  o f n ap h th o l 

g reen  has been recommended f o r  th is  purpose b u t such a s o l -



u t io n  has a y e llo w -g re e n  t i n t  as compared w ith  th e  b lu e -

g reen  o f th e  L ieberm ann-B urchard r e a c t io n .  F u rth e rm o re ,

when a s tan d ard  s o lu t io n  o f c h o le s te ro l is  used in e q u a l i t ie s ,

f o r  example in  th e  tim e  a llo w e d  f o r  th e  r e a c t io n  to  develop ,

a re  ren d ered  t r i v i a l ,  s in c e  th e y  a re  b i l a t e r a l .

A nother p o in t to  w hich a t t e n t io n  must be drawn is  th e

s l ig h t  y e llo w  t in g e  which appears in  th e  unknown s o lu t io n .

I t  was found to  v a ry  in  d i f f e r e n t  b lood  specim ens. A u te n -
(7)

r e i t h  and Funk b e lie v e d  i t  to  be due to  o v e rh e a tin g  d u rin g

e x t r a c t io n ,  and made th e  recommendation th a t  th e  w a te r b a th

shou ld  be m a in ta in e d  a t  a te m p era tu re  Just s u f f ic ie n t  to
( 2 )

cause v a p o r is a t io n  o f th e  c h lo ro fo rm . A lthough B u tto n  sug­

gests  b o i l in g  in  th e  w a te r b a th , i t  was found a b e t t e r  p ro c e ­

dure to  m a in ta in  th e  w a te r  a t  a tem p era tu re  Just s u f f ic ie n t  

to  v a p o ris e  th e  c h lo ro fo rm , by means o f a s p e c ia l b u rn e r .

The w r i t e r  b e lie v e s  th a t  th e  y e llo w is h  t in g e  in  th e  

unknown s o lu t io n  may be c o n tr o l le d  by care  d u rin g  th e  d ry in g  

o f th e  b lo o d . When th is  was done in  an a u to m a t ic a lly  re g u ­

la te d  Hearson d ry in g  oven w ith  th e  tem p era tu re  s e t  a t  4 5 °  

com plete d ry in g  was e f f e c t e d  in  tw en ty  m inutes w ith o u t undue 

"cooking" o f th e  b lo o d . In  th is  way th e  y e llo w  t in g e  was 

s l ig h t  and was found to  v a ry  l i t t l e ,  i f  a t  a l l ,  in  success ive  

specim ens. The p re c au tio n s  which must be ta k en  may be



summed up in  ’th e  fo l lo w in g :  accu racy  in  th e  measurement

o f  th e  re a g e n ts , u n ifo rm ity  in  th e  tim e  in te r v a ls  a llo w e d  

f o r  d ry in g , e x t ra c t io n  and th e  developm ent o f th e  r e a c t io n ,  

and u n ifo r m ity  in  th e  r a t e  a t  w h ich  th ese  a re  a c h ie v e d . 

M u lt ip le  e s tim a tio n s  a re  th e r e fo r e  im p ra c t ic a b le . I t  is  

n o t a d v is a b le  to c a r r y  out more th a n  two e s tim a tio n s  w ith  

th e  one s ta n d a rd .

5 . The C o lo r im e te r . A Dubosq p a t te r n  c o lo r im e te r  was

used f o r  th e  e s tim a tio n  o f b lood  

sugar and b lo o d  c h o le s te r o l.  I t  c o n s is ts  o f an e y ep ie c e , 

two g lass  p lungers  o f hexagonal s e c t io n  and two g las s  cups. 

Each cup is  c a r r ie d  on a moveable stage  and, by means o f a 

ra c k  screw , is  capab le  o f ad justm ent in  a v e r t i c a l  d i r e c t io n .  

The p o s it io n  o f  th e  cups r e la t i v e  to  th e  p lu n g e rs , which a re  

f i x e d ,  may thus be a l te r e d  th roug h  a range o f movement which  

is  marked on v e r t i c a l  sca les  s itu a te d  on th e  s id es  o f th e  

in s tru m e n t. When th e  stages a re  r a is e d  th e  p lu n g ers  d ip  

in to  th e  cups, th e  s c a le  b e in g  graduated  to  denote th e  ex ­

te n t  to  w hich th e y  do so. When f u l l y  ra is e d  th e  d i s t a l  

end o f each p lu n g er comes in  c o n ta c t w ith  the  bottom of  i t s  

r e s p e c t i v e  cup, th e  re a d in g  o f th e  corresponding  scales  b e ­

in g  z e r o .  I f  th is  is  no t so a c o r re c t io n  must be made f o r  

th e  zero recorded.



The s ta n d a rd  and th e  unknown s o lu tio n s  a re  p la c e d  to  

c o n s ta n t le v e l  in  th e  cups. The l a t t e r  a re  th en  r a is e d ,  

one "being u s u a lly  s e t  to  re a d  a t  a c e r ta in  mark on th e  

s c a l e .  The o th e r is  a d ju s te d  by ra c k  and p in io n  screw,  

th e  end p o in t  o f th e  ad justm ent b e in g  th a t  a t  w hich th e  

co lo u rs  m atch. l i g h t  is  r e f l e c t e d  from  a substage r e f l e c ­

t o r  and, passing  th ro u g h  th e  cups and p lungers  in  a v e r t i c a l  

d i r e c t io n ,  conveys to  th e  eye a c i r c u la r  f i e l d  o f c o lo u r  

d iv id e d  v e r t i c a l l y  in to  h a lv e s . The c o lo u r in  each h a l f  

o f the  f i e l d  is  c o n tr ib u te d  to  by th e  h o m o -la te ra l s o lu t io n  

so t h a t ,  when a c c u ra te  m atching o f th e  c o lo u rs  has been  

secu red , the  d iv is io n  o f th e  f i e l d  is  d is p e rs e d , th e  whole  

p re s e n tin g  a u n ifo rm  appearance. The co lo u r e f f e c t  is  

tra n s m itte d  to th e  eyepiece by means o f r e f l e c t in g  p rism s .

In  c o lo u r m atching a f ix e d  gaze must be avo ided  as 

th is  tends to t i r e  th e  v is io n  and make th e  a p p re c ia t io n  o f  

s l ig h t  d if fe re n c e s  in  shade d i f f i c u l t .  S h o rt sharp g lan ces  

a re  b e t te r  and a h ig h  degree o f s k i l l  has been a t ta in e d  when 

s e v e ra l o b servatio n s  on th e  one specimen g iv e  id e n t ic a l  

re a d in g s . Three read in g s  were u s u a lly  ta k e n . They were  

in v a r ia b ly  found to be s im i la r .

D a y lig h t was used as th e  source of i l lu m in a t io n  when 

p r a c t ic a b le .  The m irro r  s id e  o f th e  r e f l e c t o r  was found  

most s u ita b le  w ith  d a y lig h t .  When a r t i f i c i a l  l i g h t  was



used th e  opaque s id e  o f th e  r e f l e c t o r  was "b e tte r . The 

source o f  i l lu m in a t io n  used under th ese  c ircum stances was
\ 9

an enclosed e le c t r ic  l i g h t  w ith  an opaque v i o l e t - t i n t e d  ' , 

window s im ila r  to  th e  typ e  used in  m icroscopy.

F o r th e  e s tim a tio n  o f c h o le s te ro l^  cups w ith  fu s e d  

g las s  "bottoms a re  e s s e n t ia l  as th e  a c id -c h lo ro fo rm  m ix tu re  

d estro ys  th e  cement u s e d ' i n  th e  o rd in a ry  typ e  o f cup. Care  

must "be ta k e n  to  ensure th a t  th e  m ix tu re  is  n o t a llo w e d  to  

come in  c o n ta c t w ith  th e  sockets o f  th e  p lungers  f o r  th e  

same reas o n .

6 .  E xam ination  o f U rin e  f o r  (a )  Albumen: Serum
abnorm al chem ical C o n s t itu e n ts ,

albumen may be found

in  th e  u r in e  and c o n s titu te s  th e  c o n d it io n  known as "album en- 

u r ia " .  B e fo re  a p p ly in g  t e s t s  f o r  albumen i t  is  e s s e n t ia l  

th a t  th e  u r in e  shou ld  be a b s o lu te ly  c le a r .  T h is  may be 

done by f i l t r a t i o n ,  bu t i f  p e r s is te n t  t u r b id i t y ,  vfhich is  

u s u a lly  due to  th e  presence o f b a c t e r i a ,  re m a in s , i t  may be 

n ecessary  to  c e n t r i fu g a l is e  th e  specim en. The t e s t  employed 

f o r  th e  d e te c t io n  o f albumen was th e  h e a t t e s t ,  th e  method 

o f applying ' i t  b e in g  as fo l lo w s .

A th o ro u g h ly  c le a n  t e s t  tube  is  used. The u r in e  is  

poured in to  i t  u n t i l  about tw o -th ird s  f u l l .  The top in ch  

o f th e  column is  heated to  b o i l in g  in  a bunsen f la m e , and
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w ith o u t s h ak in g . The "boiled p o r t io n  o f th e  column is  

compared w ith  th e  unheated p o r t io n  b e lo w , p r e fe r a b ly  a g a in s t  

a d ark  background. I f  a t u r b i d i t y  appears in  th e  fo rm e r ,

i t  may be due to  albumen or to  th e  presence of e a rth y  phos­

p h a te s . A few  drops o f a c e t i c  a c i d  are  th e n  added. I f  

th e  t u r b i d i t y  is  due to  e a rth y  phosphates th e  specim en c le a r s .  

I f  due to  albumen th e  t u r b i d i t y  re m a in s .

(b ) Sugar: I t  would appear th a t  g lu co se , d ex tro se  or

grape  sugar may occur in  th e  u r in e  o f norm al persons, b u t  

in  tra c e s  in c a p a b le  o f d e t e c t i o n  by th e  re ag en ts  g e n e r a l ly  

used. I f  g lu co se  is  d e t e c t e d  by these  methods i t  may be 

h e ld , g e n e r a l ly ,  to  be p a th o lo g ic a l ,  " g ly c o s u ria "  b e in g  th e  

name g iv e n  to  th e  c o n d it io n . G ly c o s u ria  is  a symptom of 

d ia b e te s  m e l l i t u s , b u t i t  may occur in  o th e r c o n d it io n s . This  

has been r e f e r r e d  t o on page . The t e s t s  employed f o r  

th e  d e te c t io n  o f g lucose were ( 1 )  F e h l in g Ts and (2 )  B e n e d i c t s .  

These t e s t s  depend upon th e  f a c t  th a t  g lucose can become 

o x id is e d  a t  th e  expense o f c e r ta in  m e ta l l ic  o x id e s , th e  

o x id a t io n  o c c u rrin g  most r e a d i ly  a t  a tem p era tu re  n ear b o i l ­

in g  p o in t ,  end in  th e  presence o f c a u s tic  a l k a l i .  Copper 

is  th e  m e ta l used in  th e  t e s t s .  I f  a f ew drops o f a d i lu t e  

s o lu t io n  o f su lp h a te  o f copper a re  added to  a s o lu t io n  o f 

c a u s tic  soda a. b lu e  p r e c ip i ta te  fo rm s . T h is  p r e c ip i ta t e  

is  h y d ra te d  o u p ric  oxide -  Cu.O .Hgo. i f  -fche i , i ue p r e c ip i t a t e



is  b o ile d  i t  136001)163 b la d e , duo to  th e  s e p a ra t io n  o f  c u p ric  

o x id e  CuO. In  th e  presence o f t a r t r a t e ,  how ever, th e  J.

c u p r ic  h y d ra te , form ed by th e  a d d it io n  o f th e  s u lp h a te , ?

goes in to  s o lu t io n  in s te a d  o f b e in g  p r e c ip i ta te d .  A deep 

b lu e  f l u i d  is  fo rm ed , w hich r e ta in s  i t ' s  c o lo u r  on b o i l in g .

I f  an o x id is a b le  substance such as g lucose is  p re s e n t, how­

e v e r , th e  b lu e  c u p ric  h y d ra te  is  reduced , on b o i l in g ,  to  

cuprous h y d ra te  Cug.O.H^O, w h ich  is  throw n down from  th e  

s o lu t io n  as a y e llo w  p r e c ip i t a t e .  I f  c r e a t in in  is  ab sen t I! ! 

r e d  cuprous o x id e  is  p r e c ip i ta te d  in s te a d . I f  a s o lu t io n  

o f g lucose is  made a lk a l in e  w ith  c a u s tic  soda, and a few  

drops o f c u p ric  su lp h a te  s o lu t io n  a re  added, th e  c u p ric  

h y d ra te  is  d is s o lv e d  and a b lu e  co lo ur r e s u l t s .  On r a is in g  

t h is  to  the  b o i l in g  p o in t th e  g lucose reduces th e  c u p ric  

h y d ra te  and y e llo w  cuprous h y d ra te  or re d  cuprous o x id e  is  

p r e c ip i ta te d .

(1 )  F M X I IG ! 8 TEST: The s o lu t io n s *  must be f r e s h . I f  not

a d e p o s it o f cuprous oxide w i l l  fo l lo w  on b o i l in g .  T h is  

p o s s ib i l i t y  may be p reven ted  by b o i l in g  a m ix tu re  o f equal 

volumes o f w a te r  and F e h lin g Ts s o lu t io n  f o r  two m in u tes . I f  

th e  s o lu t io n  rem ains c le a r  i t  may be reg ard ed  as s u f f i c ie n t l y  

f r e s h  f o r  use.

The u r in e  must be f r e e  from  albumen. I f  p re s e n t i t  

may be removed by h e a tin g  and f i l t r a t i o n .  The r e s u l t  ob -



ta in e d  depends upon th e  amount o f  re d u c in g  substance p re s e n t .  

To 1 ” o f F e h lin g 's  s o lu t io n  in  a te s t - tu b e  a few  drops o f  

a lb u m e n -fre e  u r in e  a re  added. The m ix tu re  is  th e n  b o i le d .

I f  any c o n s id e ra b le  q u a n t ity  o f  g lucose is  p re s e n t a y e llo w  

or re d  p r e c ip i t a t e  w i l l  a p p e a r. Should no p r e c ip i t a t e  fo rm  

i t  may be th a t  th e  q u a h t ity  o f u r in e  used was too  s m a ll.

Equal q u a n t it ie s  o f F e h lin g Ts s o lu t io n  and u r in e  a re  th e n  

m ixed -  about 1 ” o f each. The m ix tu re  is  b o ile d  f o r  two 

m in u tes . I f  a re d  or y e llo w  p r e c ip i ta t e  form s a t  once a 

m oderate q u a n t ity  o f sugar is  p re s e n t, b u t i f  n o t ,  and , a f t e r  

s ta n d in g , th e  p r e c ip i ta t e  is  s l ig h t ,  o n ly  tra c e s  o f sugar 

a re  p re s e n t.

Substances o th e r th a n  g lucose may a ls o  a c t  as re d u c in g  

a g e n ts . These c o n s t itu te  th e  f a l l a c ie s  o f F e h lin g is  t e s t ,  

and re n d e r i t  u n s u ita b le  f o r  c l i n i c a l  w o rk . Among norm al 

c o n s titu e n ts  o f th e  u r in e , f a l la c io u s  r e s u lts  may r e s u l t  from  

th e  presence o f u r ic  a c id ,  h ip p u r id  a c id  and c r e a t in in .  l a c ­

to s e , g ly c u ro n ic  and g ly c o s u rie  ac id s  a re  th e  c h ie f  abnormal 

c o n s t itu e n ts . The products o f c e r ta in  drugs may a lso  a f f e c t  

th e  r e s u l t  such as ch lo ro fo rm , c h lo r a l ,  s a l ic y la t e s ,  benzoic  

a c id ,  c a rb o lic  a c id  and g ly c e r in .  H om ogentislr)ic  a c id ,tSfe—■'
w hich is  p resen t in  th e  u r in e  in  a lk a p to n u r ia , reduces F e h - 

l i n g Ts s o lu t io n , as a lso  does fo r m a lin . I f  th e  p a t ie n t  is  

n o t r e c e iv in g  drugs and th e  u r in e  has a h ig h  s p e c if ic  g r a v i t y ,
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d i la t io n  to  a s p e c if ic  g r a v i t y  o f  about 1015 fo llo w e d  by  

a re d a c t io n  o f F e h l in g Ts s o lu t io n , im m e d ia te ly  o r on s ta n d ­

in g  f o r  2 m in u tes , in d ic a te s  th e  presence o f g lu c o s e .

(2 )  BENEDICT TS TEST: B e n e d ic tf s t e s t  overcomes most o f

th e  e rro rs  o f F e h lin g 's  r e a c t io n , and i s ,  th e r e fo r e ,  much 

more a c c u ra te . I t  is  e q u a lly  s im p le  to  a p p ly , and was used 

by th e  w r i t e r  in  a d d it io n  to  F e h l in g Ts f o r  th e  d e te c t io n  o f  

u r in a r y  g lu co s e .
*

5 c . c .  o f th e  re a g e n t a re  p lac ed  in  a c le a n  t e s t  tube  

and 8 drops o f u r in e  a re  added. I t  is  e s s e n t ia l  th a t  th ese  

amounts be e x a c t ly  m easured. The conten ts  o f th e  tube  a re  

b o ile d  over th e  fla m e  f o r  two m inutes and a re  then  a llo w e d  

to  c o o l. The tech n iq u e  d e s crib e d  is  r i g i d  and does no t 

a llo w  o f in a c c u ra c y , s in c e  th e  q u a n t it ie s  o f u r in e  and r e ­

agent used, and th e  tim e  d u rin g  w hich th e  m ix tu re  o f these  

is  h e a te d , have g iv e n  th e  te s t  a h ig h  degree o f s p e c i f ic i t y .

I f  g lucose is  p re s e n t, th e  re ag en t w i l l  change co lo u r from  

c le a r  b lu e  to  an op alescent g reen . I f  a la rg e  q u a n tity  o f

sugar is  p re s en t th e  f i n a l  co lo u r w i l l  be an opaque r e d .
( 8 )

Beaumont and Dodds g iv e  a scheme o f th e  in te rm e d ia te  r e a c t io n s ,  

on a q u a n t i ta t iv e  b a s is , as fo llo w s

O.lfi sugar -  g re e n is h  opalescence; no re d  c o lo u r;  
no p r e c ip i t a t e .

0 . 2f& " -  as above, b u t s l ig h t  y e llo w is h  p r e c i ­
p i t a t e ;  f l u i d  b lu e  on s ta n d in g .



0.3?& sugar g reen  col-eur w ith  s l ig h t  orange p re ­
c ip i t a t e ;  f l u i d  "blue on s ta n d in g .
d e f in i t e  orange p r e c ip i t a t e ;  f l u i d  
s t i l l  b lu e  on s ta n d in g .

I.O96 n heavy orange-hrow n p r e c ip i t a t e ;  s t i l l  
some b lu e  c o lo u r in  th e  f l u i d  on s ta n d ­
in g .
b r ig h t  r e d ,  heavy p r e c ip i t a t e ;  b lu e  
c o lo u r o f  th e  f l u i d  a lm ost d isa p p e a re d .

B e n e d ic t’ s re a g e n t keeps b e t te r  th a n  F e h l in g ’ s and is  n o t 

a f fe c te d  by c r e a t in in ,  u r ic  a c id , ch lo ro fo rm  and s im p le  

a ld e h y d es . I t  is  reduced by g lu co se , la e v u lo s e , la c to s e ,  

pentose and ho m o g en tis ih ic  a c id . A p o s it iv e  r e s u l t  f o r  

p r a c t ic a l  purposes, th e r e fo r e ,  im p lie s  th e  e x is ten c e  o f  

g ly c o s u r ia .

REAGENTS: The com position  and th e  method o f p re p a r in g  th e
re ag en ts  is  th a t  g iv e n  by H u tch iso n  and H u n te r .(9 )

F e h l in g ’ s s o lu t io n :

A . Take 3 4 .6 4  grm. pure s u lp h a te  o f  copper w hich  
has been powdered and pressed between- b ibu lous  
p ap er; d is s o lv e  in  200  c .c .  warm d i s t i l l e d  w a te r .  
Cool and make up to  500 c .c .

B. D is s o lv e  180 grm. c r y s t a l l is e d  R o c h e lle  s a l t  in  
200 c .c .  ho t w a te r; f i l t e r  and add 70 grm .pure  
c a u s tic  sods, or 100  grm. p o tash . Cool and make 
up to  500 c .c .

Equal volumes of A and B a re  mixed f o r  use as re q u ire d .  

The r e s u lt  is  an a lk a l in e  s o lu t io n  o f p o ta s s ic  c u p ric  t a r t r a t e  

o f w hich 1 c .c .  is  e x a c t ly  reduced by 5 mgms. o f pure g lu c o s e .



B e n e d ic t’ s S o lu t io n :

173 grm. c r y s t a l l in e  sodium c i t r a t e  and 100 grm. a n ­
hydrous sodium carbonate  (o r  200  grm. c r y s t a l l is e d )  a re  
d is s o lv e d  in  700 c .c .  w a te r . 1 7 .3  grm. f i n e  c r y s t a l ­
l i s e d  copper s u lp h a te  a re  d is s o lv e d  in  100  c . c .  w a te r .
The copper s u lp h a te  s o lu t io n  is  poured in to  th e  fo rm er  
s o lu t io n  and th e  volume is  made up to  1000  c .c .

(c )  Acetone B odies: H y d ro x yb u ty ric  a c id ,  a c e to -a c e t ic

a c id  and acetone may a l l  occur in  th e  u r in e  in  th e  c o n d it io n  

o f k e to s is .  They show th e  fo l lo w in g  r e la t io n s h ip : -

H y d ro x y b u ty ric  a c id  -  CHg.CH(0H)CH2 .C00H 

A c e to -a c e tic  a c id  -  CH3 .CO : CHgCOOH

Acetone -  CH3 .CO.CH3

H y d ro x yb u ty ric  a c id  is  form ed f i r s t .  I t  th e n  becomes I ( 

o x id is e d  in to  a c e to -a c e t ic  a c id , w hich in  tu rn  y ie ld s  a c e -  j 

to n e  and C02 in  accordance w ith  th e  fo l lo w in g  fo rm u la e :-  

CH3 . CH ( OH) CHg COOH +  O s  CHS,C0 .CHgCOOH +  H2O

CHs.CO.CHgCOOH = CH3 .CO.CH3 + C02

I t  is  a s s e rte d  th a t  acetone is  o n ly  form ed a f t e r  th e  u r in e  

is  passed.

( 1 ) R o th e ra ’ s Test f o r  Acetone and A c e to -A c e tie  A c id : T h is  

r e a c t io n  is  by f a r  th e  most s a t is fa c to r y  te s t  f o r  k e to s is .

I t  is  perform ed as fo llo w s : An excess o f ammonium s u lp h a te

c r y s ta ls  is  added to  about 20 c .c .  o f u r in e  in  a t e s t  tu b e . 

The u r in e  is  s a tu ra te d  w ith  th e  ammonium s a l t  by shaking  th e  

t e s t  tu b e . 2 c .c .  o f s tro n g  ammonia a re  added and a few



drops o f a d i lu t e  (5?°) s o lu t io n  o f f r e s h ly  p rep ared  sodium  

n it r o p r u s s id e . The m ix tu re  is  shaken and a llo w e d  to  s ta n d . 

The presence o f acetone bodies w i l l  produce a c o lo u r ra n g -  

in g  from  mauve to  deep p u rp le . I f  R o th e ra ’ s t e s t  is  nega­

t i v e ,  acetone bodies  a re  a b s e n t.

(2 )  G -erhardt’ s T est f o r  A c e to -a c e t ic  A c id : I f  R o th e ra ’ s

te s t  is  p o s i t iv e  th e  presence o f a c e to -a c e t ie  a c id  may be 

te s te d  f o r  by G -erhardt’ s f e r r i c  c h lo r id e  t e s t ,  which is  

a p p lie d  in  th e  fo l lo w in g  way.

To h a l f  a te s t  tube o f u r in e  10^ f e r r i c  c h lo r id e  s o l ­

u t io n  is  added u n t i l  th e  p r e c ip i ta te  o f f e r r i c  phosphate has 

reach ed  i t s  f u l l  in te n s i ty  and has w h o lly  or p a r t ly  r e d is ­

s o lv e d . The specimen is  th e n  f i l t e r e d .  To th e  f i l t r a t e  

is  added a few  drops o f f e r r i c  c h lo r id e  s o lu t io n . The p r e ­

sence o f a c e to -a e e t ic  a c id  is  shown by a c la r e t  re d  c o lo r ­

a t io n .  A s im ila r  co lo u r is  produced by s a l ic y l i c  a c id  

w hich may be p re s en t in  th e  u r in e  o f p a t ie n ts  who have ta k en  

a s p ir in ,  s a lo l  or o th e r s a l ic y la t e s .  This c o lo u r is  n o t 

d estro yed  by b o i l in g  whereas th a t  produced by a c e to -a c e t ic  

a c id  i s .  I f  th e  u r in e  re a c ts  to  R o th e ra ’ s te s t  b u t no t to  

f e r r i c  c h lo r id e , i t  may be in fe r r e d  th a t  o n ly  s m a ll quan­

t i t i e s  o f acetone bodies a re  p re s e n t, s in c e  G-erhardt’ s t e s t  

is  o n ly  p o s it iv e  i f  a c e to -a c e t ic  a c id  is  p re s e n t in  c o n s id ­

e ra b le  amount.
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C H A P T E R  V.

The In v e s t ig a t io n  o f Glucose T o le ra n c e , 

Blood. Sugar and Blood C h o le s te ro l

in  H e a lth y  C o n tro ls .



THE INVESTIGATION OF GLUCOSE TOLERANCE? BLOOD SUGAR AMD 
BLOOD CHOLESTEROL IE HEALTHY COETROLS.

B efo re  one is  a b le  to  assess any d iverg en ce  fro m  th e  

norm al g lucose to le r a n c e , f a s t in g  B lood sugar and Blood  

c h o le s te r o l in  d ip h th e r ia ,  i t  is  o b v io u s ly  n ecessary  to  

d e l in e a te ,  f o r  each , a range o f n o rm a lity  above and Below  

w hich  a p a th o lo g ic a l s ta te  may Be s a id  to e x is t .

A u th o r it ie s  a re  in  f a i r l y  g e n e ra l agreem ent re g a rd ­

in g  fa s t in g  Blood sugar c o n c e n tra tio n  and th e  B lood sugar 

curve in  h e a lth .  W ith  re g a rd  to  th e  B lood c h o le s te r o l ,  

how ever, th e re  is  a la c k  of u n ifo r m ity  in  what may Be con­

s id e re d  n o rm al. T h is  is  due, in  g re a t p a r t ,  to  th e  d i ­

v e r s i t y  o f  methods By which B lood c h o le s te ro l may Be e s t i ­

m ated. The re a d e r  is  r e fe r r e d  to  page 90. f o r  a resume 

o f th e  r e s u lts  o b ta in e d  By v a rio u s  workers u s in g  d i f f e r e n t  

methods o f e s t im a tio n ,

A d e f in i t e  f ig u r e ,  such as 160 m ill ig ra m s , per c e n t . ,  

is  used By most observers as re p re s e n tin g  th e  c h o le s te ro l  

c o n te n t o f the  B lood in  h e a lth .  Any f ig u r e  above o r Below  

th is  v a lu e  th e y  re g a rd  as c o n s t itu t in g  an a b n o rm a lity . The  

norm al c h o le s te r o l c o n ten t o f th e  B lo o d , however, v a r ie s  

w ith in  w ide l im i t s  in  d i f f e r e n t  in d iv id u a ls , But f o r  a



84.

g iv e n  in d iv id u a l  i t  is  re m a rk a b ly  c o n s ta n t, and tends to
( 1 )

rem a in  so f o r  lo n g  p e r io d s . In  o rd e r , th e r e fo r e ,

d e f i n i t e l y  to  e s ta b lis h  th e  e x is te n c e  o f a h y p e rc h o le s -  

te ro la e m ia  or o f a h y p o c h o le s te ro la e m ia , one must' f in d  

th a t  th e  b lood  c h o le s te ro l is  ra is e d  above th e  norm al 

maximum l i m i t  on the  one hand, or th a t  i t  is  le s s  th an  

th e  norm al l i m i t  on th e  o th e r . S im i la r ly ,  i f  th e  b lo o d  

c h o le s te r o l f o r  an in d iv id u a l  in  h e a lth  is  known, th is  

v a lu e  shou ld  be d e f in i t e ly  exceeded or not a t t a in e d ,  b e fo re  

an a b n o rm a lity  can be s a id  to  e x is t .

I t  appears to  th e  w r i t e r  th a t  a f a i r e r  com parison o f  

t h e i r  v a r ia t io n s  in  d isease  w i l l  be p o s s ib le  i f  each w orker 

w i l l  d e fin e  t h e i r  l im i t s  in  h e a lth  f o r  h im s e lf .  The r e s u lts  

may th e n  be s a id  to  be t r u l y  com parable, f o r  he w i l l  reduce  

to  a minimum th e  v a r i a b i l i t y  o f such fa c to rs  as th e  method 

o f d e te rm in a tio n  and th e  s u b tle  p e rs o n a l ones o f tech n iq u e  

and in d iv id u a l e r r o r l

S e le c t io n  o f H e a lth y  D i f f i c u l t y  was experienced  in
C o n tro ls •

obtanning  h e a lth y  c o n tro ls  fo r  

th e  purpose o f assessing norm al s tan d ard s .

The te n  cases s e le c te d  were r e fe r r e d  to  h o s p ita l ,  t h e i r  

j u s t i f i c a t i o n  f o r  b e in g  th e re  h av in g  an i l lu s o r y  b a s is , as



fudged "by im m ediate d iag n o s is  and subsequent is o la t io n .  

T h e ir  s e rv ic e  as c o n tro ls  was n o t invoiced u n t i l  th e  

Is.pse o f a p e r io d  s u f f i c i e n t l y  lo n g  to  c o n firm  th e  

o p in io n  o f T,no a p p re c ia b le  d is e a s e 1̂ . I n  th is  way a lo n e  

was i t  p o s s ib le  to  o b ta in  c o n tro ls  whose age, s e x , d i e t ­

a ry  and environm ent approxim ated c lo s e ly  to  those  s u f f e r ­

in g  from  d ip h th e r ia .  These eases were in v e s t ig a te d  

w ith  a v iew  to  d e te rm in in g  what m igh t be re g a rd ed  as 

standards o f n o rm a lity  w ith  re fe re n c e  to  th e  fo l lo w in g :  -

I .  Glucose T o le ran c e  and P a s tin g  B lood S ug ar.
I X • Blood C h o le s te ro l.

X* Th© Glucose To le ran ce  and P a s tin g  Blood S u g ar.
ga«L.a»jL.a  ui« i rn mm mmmmMut i .m m i m I >m    ■■ ■ ■ ■ ■■■■ uTRm ■' i n n   »i ■

F o r s e v e ra l days p r io r  to  th e  c a rry in g  out o f th e  

gldcio®© to le ra n c e  te s ts  th e  c o n tro ls  had been r e c e iv in g  

lh §  r o u t in e  h o s p ita l  d ie ta r y .  A ntecedent d ie ta r y  fa c to rs  

wjiicjh a f fo o t  th® to le ra n c e  f o r  g lu c o s e , w ere thus r e -  

du§@d t© a minimum. A l l  were co n fin e d  to  bed a t  th e  

tim a  ©f pgpfgpmane© o f th e  te s ts .

Th§ amount o i g lucose g iv e n  v a r ie d  w ith  th e  sge o f  

thf? § u b |§ § t |  t h i  uv’urage b e in g  in  accordance w i th  th e

s@aig*



5 years  15 gram s . g lu c o s e .
10 ,r 30 " "
15 u 50 " "

A maximum c o n c e n tra tio n  o f 1 1 0 0 1  sugar was re ach ed , 

in  th e  cases o f n in e  o f th e  c o n tro ls , a f t e r  30 m in u tes . 

In  o n ly  one was th e  maximum c o n c e n tra tio n  d e layed  u n t i l  

60 m in u tes , ( 2 ) .

In  e ig h t o f th e  te s ts  th e  H o o d  sugar had re tu rn e d  

to  a p o in t  s l ig h t l y  below th e  fa s t in g  le v e l  in  90 m in­

u te s . In  one case (5 )  th is  f a l l  occurred  a f t e r  60 

m in u tes , and in  one i t  was de layed  u n t i l  120 m inutes ( 2 ) .  

The g re a te s t  d e la y  in  re a c h in g  th e  maximum c o n c e n tra tio n  

and in  f a l l i n g  to  th e  s u b -fa s t in g  le v e l  o ccu rred , th e r e ­

f o r e ,  in  th e  same c o n tr o l .

F ig u re  I I I  shows a com posite curve re p re s e n tin g  

th e  average r e s u lts  o b ta in ed  from  glucose to le ra n c e  te s ts  

c a r r ie d  out on 10 h e a lth y  s u b je c ts .

The curve d isp la y s  th e  fo l lo w in g  g e n e ra l f e a tu r e s .  

From a f a s t in g  le v e l  o f 9 3 .6  mgms. per c e n t . ,  th e  b lood  

sugar r is e s  s te e p ly  to  a, maximum c o n c e n tra tio n  o f 1 6 8 .8  

mgms. per c e n t, in  h a l f  an h o u r. The b lood sugar th e r e ­

a f t e r  begins to  f a l l  and a t  th e  end o f 60 m inutes has 

reached  th e  le v e l  o f 1 3 8 .8  mgms. per c e n t . The d e c lin e
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The Normal Blood Sugar Curve
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i n  th e  curve in  th e  n e x t h a l f  hour is  even more m arked,

so t h a t ,  a t  th e  end o f 90 m in u tes , i t  has f a l l e n  to  a

p o in t  somewhat le s s  th an  th e  f a s t in g  l e v e l ,  A s l ig h t

secondary r is e  is  th e n  seen to  o c c u r, b e fo re  th e  b lood

sugar c o n c e n tra tio n  s e t t le d  to  i t s  f a s t in g  l e v e l ,
( 2 )

McLean s ta te s  th a t  th e  h ig h e s t f ig u r e  majr n o t be 

a t ta in e d  u n t i l  as much as one hour a f t e r  ta k in g  th e

s u g a r. This occurred  in  th e  case o f one o f th is  s e r ie s .

Speaking g e n e r a l ly ,  th e  maximum^ b lood  sugar re a d in g  

should  be a t ta in e d  w i th in  an h o u r.

V a r ia t io n s ,  no doubt, depend upon in e q u a l i t ie s  o f 

th e  d ig e s t iv e  fu n c tio n s  such as th e  r a te  a t  which th e  

sugar en ters  th e  s m all in te s t in e  and th e  volume o f th e  

in t e s t in a l  c o n te n ts . The maximum c o n c e n tra tio n  a t ta in e d  

v a r ie s  a good d e a l.  The h ig h e s t in  th is  s e r ie s  was 

182 mgms, per cen t and th e  lo w est 162 mgms. per c e n t.

The average o f th e  10 s u b je c ts  in v e s t ig a te d  was 1 6 8 ,8  mgms 

p er c e n t .

The b lood  sugar c o n c e n tra tio n  is  changing from  

m inute to  m in u te . I t  is  a m a tte r o f chance, th e r e fo re ,  

w hether or n o t th e  b lood sugar w i l l  have a t ta in e d  i t s  

h ig h e s t c o n c e n tra tio n  a t  th e  moment o f ta k in g  a sample



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

Immediately 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 a healthy young 
subject the blood sugar Is little, if at all, above the 
fasting level at the end of 90 minutes. Frequently 
(it occurred in all except one of the healthy controls 
investigated) the blood sugar may fall below the fast­
ing level after the elapse of this time. The dip be­
low the fasting level varied, in this series, from 2 - 1 1  

milligrams per cent.
The shortest time for the blood sugar to dip to the 

fasting level, or below it, was 60 minutes, the longest 
time, 120 minutes,and the average time 90 minutes from 
the ingestion of the sugar. All urine specimens were 
sugar-free. The results obtained are shown in Table II,

A norm al b lo o d  sugar curve may be
Form al BloodSugar Curve. defined, therefore, as one which re­

presents, graphically, the constantly charging concentra­
tion of blood sugar resulting from the ingestion of 15-50



Con­
t r o l

Age

Amount
o f

Glucose
in

gramm&s

F a s t ­
in g
Blood
Sugar

M inutes  a f t e r  th e  ad ­
m in is t r a t io n  o f  G lucose

Sugar

30 60 90 120 150
m

U rine

1 5 15

,

86 180 162 80 I 95 88 N i l

2 7 15 94 156 164 98 92 102 m i

3 15 50 105 174 115 98 110 104 N i l

4 6 15 86 160 140 ! 80 88 93 N i !

5 10 30 96 182 90 110 104 98 N i l

6 8 30 88 180 150 85 100 86 N i l

7 10 30 104 164 145 102 113 96 N i l

8 14- 40 93 162 138 85 100 94 N i l

9 9 30 85 168 152 82 104 88 N i l

10 12 30 99 162 132 88 94 90 N i l

A verage = 93.6 168.8 13 8 .8 90.8 100.0 93 .9 N i l

TABLE II
The results obtained from Glucose 

Tolerance Tests carried out upon 
ten healthy controls.



grammes' o f g lu c o s e , th is  re a o rd  b e in g  such t h a t ,  a t  th e  

t im e  in te r v a ls  o f 60 and 90 m inutes a f t e r  p a r ta k in g  of 

th e  s u g a r, th e  b lood sugar c o n c e n tra t io n , r e s p e c t iv e ly ,  

has a t ta in e d  i t s  maximum and has re tu rn e d  to  i t s  f a s t in g  

l e v e l ,  and p ro v id e d , a lw ays , th a t  th is  f lu c t u a t io n  in  th e  

b lo o d  sugar c o n c e n tra tio n  is  un asso c ia ted  w ith  g ly c o s u r ia .

W ith  re g a rd  to  th e  f a s t in g  b lood  s u g a r, th e  va lu es  

o b ta in e d  in  th e  te n  c o n tro ls  in v e s t ig a te d  were as fo l lo w s } 

The maximum and minimum e s tim a tio n s  were r e s p e c t iv e ly  

105 mgms. and 86 mgms. p er c e n t. The average fa s t in g  

b lo o d  sugar was th e re fo re  9 3 .6  mgms. p er c e n t .

I I .  Blood C h o le s te r o l.

E s tim a tio n s  of the  t o t a l  b lood c h o le s te ro l were

c a r r ie d  out on each o f th e  ta i  h e a lth y  c o n tr o ls . As in  
*

th e  case o f th e  fa s t in g  b lood sugar e s tim a tio n s , th e  b lo o d  

was w ithdraw n from  th e  s u b je c ts  in  th e  fa s t in g  s t a te .  In  

th e  main p a r t  o f th e  w ork th is  arrangem ent was adhered to ,  

a s , in  a d d it io n  to  i t s  g re a te r  co n ven ien ce , i t  has th e  

advantage o f e lim in a t in g  any im m ediate e f f e c t  th a t  th e  

in g e s t io n  o f food  may have upon th e  c h o le s te ro l o f th e  

b lo o d .

D u p lic a te  es tim a tio n s  were made in  each specimen o f



b lo o d . T ab le  I I I  was com piled :£rom th e  r e s u lts  o b ta in ­

ed, an a n a ly s is  o f w hich may be summarised as fo l lo w s :

1 .  F o r th e  s e r ie s  , th e  h ig h e s t and lo w e s t e s t i ­
m ations reco rd ed  a re  235 and 150 m illig ra m s  
o f c h o le s te r o l p er 100  c.cms*. blood#

2 . The h ig h e s t and lo w est means reco rd ed  a re  231  
and 150 m illig ra m s  per 100 c.cm s*

3 .  The average range f o r  th e  w hole s e r ie s  is  from  
1 8 5 .9  -  1 8 9 .6  mgms. per 100 c .c m s ., th e  mean 
b e in g  1 8 7 .7 5 .

4 . The maximum d if fe re n c e  between any two e s t i ­
m ations o f th e  one specimen o f b lood is  8 m i l ­
lig ram s  p er 100 c.cm s. b lood  and th e  average  
d if fe r e n c e  is  3 .7 .

The mean range re co rd e d , 150 -  231 mgms. p er 100 c .

cm s., compares w ith  those o f o th e r w orkers as fo llo w s :
(3 )

B lo o r us ing  h is  own method o f e x tra c t io n  g ives  a norm al

range f o r  whole b lood  o f 190 -  260 mgms. p er 100 c.cm s.
(4 )

Gorham and Myers found a range o f 130 -  190 m illig ra m s

-oer 100 c.cm s. w ith  an average o f 150 f o r  14 cases. A u te n -  
(5 )

r e i t h  and Funk d e fin e  th e  norm al range as 140 -  160 mgms,

p er 100 c.cm s. They es tim ate  th e  unknown a g a in s t a s ta n ­
c e )

dard green com parato r. B acm eister and Havers g iv e  a ra n g e ,

f o r  whole b lo o d , o f 110 -  180 mgms. per 100 c .cm s. C h au f- 
(7 )

fa r d  and h is  c o lla b o ra to r s , f o r  whole b lo o d , es tim a te
( 8 )

150 -  180 , w h ile  g r ig a u d , e s tim a tin g  th e  b lood c h o le s te ro l

in  fo u r  no rm als , g ives  f o r  whole b lood  a range o f 150-165ngns



A l l  o f th e  above used th e -lie b e rm a n n -B u r chard  c o lo u r  

r e a c t io n .
(9 )

I n  com paring th e  m o d ifie d  l e i b o f f  method used in
( 10)

t h is  v/orh, w ith  th e  method o f B lo o r and o f  Myers and
(11) ( 12)

W a rd e ll,  B u tto n  reco rd s  th e  e s tim a tio n s  shown in  

T a b le  IT .

T a b le  IT .

C h o le s te ro l Content o f B lood . S fe tim ation .

in  mgms.per cen t by method o f :

B lo o r . . .  .......................................
l e i b o f f ,  us in g  m o d ifie d  tu b e . 
Myers and W a r d e l l ........................

1

168
164
152

2

160
152
128

3

235
210
182

The re a d in g s  o b ta in ed  by th e  L e ib o f f  method w i l l  be seen  

to  be h ig h e r th a n  those o b ta in ed  by th e  method o f Myers 

and W a rd e ll. l e i b o f f  found th is  d iscrepancy  to o , and 

accounted f o r  i t  on th e  ground th a t  lo ss  may occur in  th e  

t ra n s fe re n c e  to  th e  e x tra c t io n  apparatus o f th e  p la s t e r -  

o f -P a r is  and in  th e  unequal p e r c o la t io n  o f the  l a t t e r  by  

th e  ch lo ro fo rm .

Owing to  th e  c o m p a ra tiv e ly  re c e n t date a t  w hich th e  

m ic ro -e s t im a tio n  o f b lood  c h o le s te ro l by the  m o d ifie d



l e i b o f f  method was in tro d u c e d , no f u r t h e r  f ig u r e s  f o r  

com parison a re  y e t a v a i la b le  in  th e  l i t e r a t u r e .

For th e  purposes o f th e  p re s en t w ork th e  mean range  

o f b lood c h o le s te ro l as determ ined  in  th e  c o n tro ls  w i l l

be regard ed  as norm al, v iz :

(Maximum, 231 m g m s.ch o les te ro l per 100 c .cm s. 
25 (Minimum, 150 " " " 100 11

eases (Mean, 18 3 .76  " " " 100 "

The ran g e? o f n o rm a lity , somewhat g r e a te r  th an  th a t  

o f  some w orkers m entioned, is  s u f f i c ie n t l y  com prehensive  

to  embrace b o rd er l in e  v a r ia t io n s .  A n y th in g  re g ard ed  by  

th ese  standards as abnorm al may, th e  more re a s o n a b ly  be 

acknowledged to  be d e f in i t e .

The minimum o f th e  range w i l l  be found to  be in  

f a i r l y  g e n e ra l agreement w ith  th e  r e s u lts  o f d i f f e r e n t  

w orkers us in g  d i f f e r e n t  methods o f e s t im a tio n . The m axi­

mum l i m i t  o f n o rm a lity , however, is  somewhat h ig h e r th a n  

m ost, and th e  range of n o rm a lity  would, th e r e fo r e ,  appear

to  be g re a te r  th an  what has come to  be reg ard ed  as n o rm a l.
(1 3 )

These fa c ts  have been noced by o th er w o rk ers . Fleifcing  

g a in ed  th e  im pression  'from a s im ila r  in v e s t ig a t io n  th a t  

" th e  upper norm al l i m i t  is  f r e q u e n t ly  h ig h e r th an  th e  

commonly accepted  v a lu e  o f 200 m illig ra m s  per 100  c .cm s."



. (1 4 )
Robinson reco rd s  th a t  fro jp  r e s u lts  o b ta in e d  by  him , 

he is  o f th e  o p in io n  th a t  th e  norm al range o f v a lu e  is  

g r e a te r  th a n  is  u s u a lly  r e a l is e d .

TABLE I I I

Ho • o f

M illig ra m s  C h o les te ro l 
p er c .cm s. B lood .

L

E Age Sex E s tim a tio n s I--------- I I... . . .j D iffe re n c e Mean

1 5 M 2 178 174 4 1 7 6 .0

2 7 M 2 168 163 6 1 6 6 .0

3 15 M 2 213 208 5 2 1 0 .5

4 6 M 2 220 220 0 2 2 0 .0

5 10 M 2 235 227 8 23 1 .0

6 8 M 2 189 185 4 1 8 7 .0

7 10 M 2 176 174 2 1 7 5 .0

8 14 M 2 160 156 4 1 5 8 .0

9 9 M 2 150 150 0 1 5 0 .0

10 12 M 2 206 202 4 2 0 4 .0

1 8 9 .6 1 8 5 .9 3 .7 187.75
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C l in ic a l  Cases o f D ip h th e r ia .



CLASSIFICATION o f CASES .

The eases w hich  form  th e  b a s is  o f th e  in v e s t ig a t io n  

were c la s s i f ie d  a cco rd in g  to th e  s e v e r i ty  o f th e  i n t o x i ­

c a t io n . In  v ie w in g  a case in  p ro sp ect c la s s i f ic a t io n ,  

n e c e s s a r ily ,  must be a n a to m ic a l. Needless to  s a y , no 

such c la s s i f ic a t io n ,  which is  based 011 th e  e x te n t o f th e  

lo c a l  le s io n , can be e n t i r e ly  s a t is f a c t o r y ,  s in c e  i t  f a i l s  

to  ta k e  account o f th e  s u b t le  and e lu s iv e  f a c to r  o f t o x ­

aem ia . The e x te n t o f th e  in to x ic a t io n  is  n o t always  

d i r e c t ly  p ro p o r t io n a l to  th e  s *e v e rity  o f  the  lo c a l  d is e a s e . 

The fo rm er must always be a m a tte r f o r  th e  c l i n i c i a n 1 s 

p e rc e p t io n , v/hich in  tu r n  is  based upon h is  e x p e rie n c e .

The fo l lo w in g  summarises th e  c lass  i f i c a t i o n  o f B ie  

w hich  is  based m a in ly  upon th e  a n a to m ic a l e x te n t o f  th e  

lo c a l  le s io n .

MILD GASES: .The membrane does n o t f o l l y  cover th e

t o n s i ls .  O ra l fo e to r  and p e r i - a d e n i t i s , i f  p re s e n t , a re  

s l i g h t .

MODERATELY SEVStE CASES: Both to n s ils  and p a la t in e

arches a re  covered w ith  membrane, w hich u s u a lly  extends to  

th e  u v u la . F o e to r  and p e r i - a d e n i t is  a re  in v a r ia b ly  present
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SEVERE GASES: The membrane„covers th e  t o n s i ls ,  th e

p a la t in e  arches and th e  u v u la . F re q u e n tly  i t  extends a lso  

to  th e  hard  p a la t e ,  th e  b u cc a l mucous membrane or th e  pos­

t e r i o r  p h aryn g ea l w a l l .  F o e to r  o r is  is  in te n s e  and g la n ­

d u la r  en largem ent is  o f th e  "plum" or nh en Ts egg” d eg ree . 

When b i l a t e r a l ,  the  d is t o r t io n  o f th e  fe a tu re s  occasioned  

w a rran ts  th e  d e s c r ip t io n  o f nb u l l  neck71 or "co n su la r c o l l a r " .

In  v ie v /in g  a case in  R e tro s p e c t, how ever, th e  c l i n i c a l  

-course o f th e  d isease  a llo w s  o f a more a c c u ra te  in t e r p r e ­

t a t io n  o f th e  s e v e r i ty  o f th e  toxaem ia. For purposes o f  

tre a tm e n t t h is  method has no a p p l ic a t io n , b u t f o r  re v ie w in g  

th e  r e s u lts  o b ta in ed  in  an in v e s t ig a t io n  such as t h i s ,  i t  

has i t s  m e r i ts .

ITo h ard  and f a s t  c r i t e r i a  were adop ted . C la s s i f ic a t io n  

o f th e  cases in  the  th re e  grades of s e v e r i t y  was made a f t e r  

w eig h in g  to g e th e r th e  f i r s t  im pression  o f th e  case and th e  

subsequent course fo llo w e d . W ith  re g a rd  to  toxaem ia, 

c l i n i c a l  experience  a lo n e  d ic ta te d  th e  type o f case w hich  

should  be reg ard ed  as m ild , m o d era te ly  s e v e re , or s e v e re .

When however, th e  lo c a l  le s io n  suggested, fo r  example, a 

m ild  case, b u t c l i n i c a l  p e rc e p tio n  demanded a more grave  

v ie w , the  f i n a l  d e c is io n  was based^upon th e  l a t t e r .
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CASE 1.
Douglas R u s s e ll ..................................Age 10 years
A dm itted  ...................................................  2 6 :1 2 :3 2 .
Day o f  i l ln e s s  .................................... T h ir d .
D ism issed » • • • • • » • • « • • • * » » • • • • •  2 :2 :3 3 .
C la s s i f  i c a t i o n ................... ................ M oderate .
T h ro a t swab ............................................ P o s it iv e .
A n t ito x in  ............................. ..................  12 ,000  u n its ,
Jo u rn a l r  e f er enc e ............................. War d 1 Eas t .

1 . H is to r y .

Both to n s i ls  were patched w ith  th ic k  y e llo w is h -w h ite  mem­
b rane , and o r a l  fo e to r  was pronounced. The r ig h t  t o n s i l l a r  
g la n d  v/as s l ig h t ly  en larged  and p a in f u l .  The p u lse  was 
r a p id  and f u l l  and th e  tem p era tu re  was 9 9 .8 °P . The f i r s t  
c a rd ia c  sound was s o f t  and m u ffle d , th e  second sound ■being- 
s p l i t .  The u r in e  co n ta in ed  acetone and d ia c e t ic  a c id .
12 ,0 0 0  u n its  o f a n t i t o x in  were in je c te d  in tra m u s c u la r ly . The 
u r in e  was c le a r  on th e  6th  day and th e  th ro a t  was norm al on 
th e  7 th  day, by w hich tim e  a ls o  th e  h e a r t  sounds we r e  o f  
r e g u la r  rhythm  and norm al in t e n s i t y .  R ecovery was un event­
f u l  and th e  p a t ie n t  was dism issed w e l l  on th e  3 8 th  day.

2 . Glucose T o le ran ce  and Blood C h o le s te ro l.

E s tim a tio n s  o f g lucose to le ra n c e  and b lood c h o le s te ro l were  
made ( 1 ) d u rin g  th e  acu te  stage o f th e  i l ln e s s  a n d .( 2 ) on r e ­
c o v e ry .

Glucose T o le ra n c e .

( 1 ) 4 th  day o f i l ln e s s :  30 grams g lu co se .

106 135 157 139 120  103 (C h a rt 1 )
G lyc o s u ria  absent d u rin g  t e s t .

(2 )  3 1 s t day o f  i l ln e s s :  30 grams g lucose .

105 118 150 97 100  100  (C h a rt 2 )
G ly c o su ria  absent d u rin g  t e s t .



Blood Cholesterol.
( 1 )  4 th  day o f  i l ln e s s :  121 mgms. p er 100 c .cm s. o f b lo o d .

(2 )  3 1 s t day o f i l ln e s s :  153 " " 100 " rr "

3 .  ITote.

D uring  th e  s tag e  o f toxaem ia a s l ig h t  d e la y  in  s to ra g e  
was observed in  th e  b lood sugar c u rv e , th e  c o n c e n tra tio n  o f  
blood  sugar b e in g  s t i l l  above th e  f a s t in g  le v e l  a t  th e  end 
o f two and a h a l f  h o u rs . The b lood c h o le s te ro l was ab n o r­
m a lly  lo w . Recovery was a s s o c ia te d  w ith  a norm al to le ra n c e  
f o r  g lucose and an a p p re c ia t io n  in  th e  c h o le s te r o l c o n te n t.



CASE 2.
D a n ie l B a rc la y   .............................  Age 8 y e a rs .
A d m itted  ................... ..............................  1 9 :1 :3 3 ,
Day o f  i l ln e s s  ....................................  F o u rth .
D ism issed ................................................  2 5 :2 :3 3 .
C la s s i f ic a t io n  ....................................  M oderate .
T h ro a t swab ...........................................  P o s i t iv e .
A n t i to x in  ................................................  1 2 ,000  u n its .
J o u rn a l R eference .............................  Ward 1  E a s t.

1 .  H is t o r y .

The to n s i ls  were en larg ed  and each was e x te n s iv e ly  patched  
w ith  g re y is h -w h ite  membranous exudate . There was c o n g es tio n  
o f th e  s o f t  p a la te  and p e r i t o n s i l la r  t is s u e s , and fo e to r  o r is  
was in te n s e . Both t o n s i l l a r  glands were s l i g h t l y  e n la rg e d .

On adm ission th e  tem p era tu re  was 1 0 0 .2 °F . and th e  p u lse  
r a t e  110 . The p u lse  was r e g u la r ,  o f good volume, and moder­
a te  te n s io n . The h e a r t  sounds were pure bu t somewhat s o f t  
and m u ff le d . Albumen, acetone and d ia c e t ic  a c id  were p re s en t  
in  th e  u r in e .

The tem p era tu re  and p u lse  r a te  were norm al on th e  6th  day 
o f i l ln e s s ,  by: which tim e th e  u r in e  was c le a r  o f albumen and 
c o n ta in ed  o n ly  traces  o f acetone and d ia c e t ic  a c id . The 
th r o a t  was c le a r  in  th e  7 th  day. Progress th e r e a f te r  was 
u n e v e n tfu l and th e  p a t ie n t  was d ism issed w e l l  on th e  3 7 th  day.

2 . Glucose To lerance and Blood C h o le s te ro l.

Glucose to le ra n c e  and b lood c h o le s te r o l were e s tim a te d  (1 )  
d u rin g  th e  s tage o f toxaem ia, and ( 2 ) a f t e r  re c o v e ry .

Glucose T o le ra n c e .

(1 )  5 th  day o f  i l ln e s s :  30 grams, g lu co s e .

107 198 163 140 140 126 (C h a rt 3 )
G ly c o su ria  developed d u rin g  t e s t .



(2 )  3 0 th  day o f  i l ln e s s :  30 grains, g lu c o s e .

96 163 120 104 98 100 (C h a rt 4 )
G ly c o s u ria  absent d u rin g  t e s t .

Blood C h o le s te ro l.

( 1 )  5 th  day o f  i l ln e s s :  179 mgms, per 100 c .cm s. b lo o d .

(2 )  3 0 th  day o f  i l ln e s s :  151 " " 100 " "

3 . R o te .

The i n i t i a l  b lood sugar curve shows a decrease o f to le ra n c e  
f o r  g lucose w ith  d e layed  s to rag e  and a c o n c e n tra tio n  beyond 
th e  r e n a l  th re s h o ld  a t  th e  30 m inute in t e r v a l ,  w ith  r e s u lta n t  
g ly c o s u r ia . Acetone and d ia c e t ic  a c id  were p re s en t in  th e  
u r in e .  The v a lu e  f o r  b lood c h o le s te ro l was w ith in  norm al 
l i m i t s .  The second b lood sugar curve shows no a b n o rm a lity  
and th e  b lood c h o le s te ro l had undergone s l ig h t  d e p re c ia t io n  
in  v a lu e .



CASS 3.
David Torrance ....... Age 7 years.
Admitted ............ 22:10:33.
Day of Illness ....... Fifth.
Dismissed ........ .. 25:11:32.
Classification   Severe.
Throat Swab ......... Positive*
Antitoxin...........  35,000 units.
Journal Reference .... Ward 1 Bast.

1. 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 ten­der. The complexion was livid. A soft blo?;ing systolic 
murmur 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 98°F. 15,000
units of antitoxin were injected intravenously and 20,000 
units intramuscularly.

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

Improvement in the general condition of the patient was 
noticeable on the 12th day of illness, and by the 14th 
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.



2. Glucose 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 arrh^hmia, and (3) after clinical 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 grains, glucose.

86 165 152 128 96 102 (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.
(1) 6th day of illness, 226 mgms. per 100 c.cms. blood.
(2) 9th day of illness, 278 11 " 100 ” "
(3) 30th day of illness, 183 " ,T 100 " "

3. Note.
During the stage of toxaemia 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
to an abnormal degree. Both glucose tolerance and blood
cholesterol were normal on the 30th day of illness, and 
clinical recovery was established.



CASS 4
James McArthur ,. 
Admitted ........
Day of Illness .. 
Died ............
Classification ..
Throat Swab ....
Antitoxin   ....
Journal Reference •  •  • •

Age 6J- years. 26:10;32. 
Third.
3 ;1 1 13 2 . 
Severe. 
Positive. 
40,000 units. 
Ward 2 Bast.

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 haemorrhagie discoloration 
was present on the right side. There was considerable 
enlargement and exquisite tenderness of the cervical 
glands. The pulse was rapid, regular and of small vol­
ume, and the first sound at the apex was weak. The tem­
perature was elevated to 101°F, and 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 
administered intravenously. On the 5th day of illness 
a severe epistaxis occurred. A slight 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 subnormal.
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 10th 
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



“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 Tolerance 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 u 11 100 " "

Blood Cholesterol.
(1) 4th day of illness: 144 mgms. per 100 c.cms. “blood.
(2) 6th day of illness: 276 ” " 100 ” "
(3) 9th day of illness: 285 rr " 100 ” n

3. Uote.
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 maximum con­
centration, the delay in storage and the high concentra­
tion at the end of two and a half hours. Glycosuria 
developed during the test. The fall in the values for 
the fasting blood sugar were associated with cardiac ar­rhythmia, hepatic congestion, vomiting and ketosis. The 
blood cholesterol at the same times showed at first a 
slight fall below, and later a marked rise above, the 
normal range.



CASS 5.
H. McKinnon 
Admitted ,a IUUA 0 vvlL ########
Day of Illness .. 
Dismissed .......Classification ..

# # # # # # # # • » • • #

Age 18 years
4:11:32.
Sixth.

Throat Swab 
Antitoxin .

12:12:32.
Moderate.
Positive.

Journal Reference
8,000 units. 
Ward 1 Bast.

1 .  H is to r y .

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 100.2°F. 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 diacetic acid were ab­
sent.

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 grains, glucose.

95 176 150 131 110 96 (Chart 9)
Glycosuria absent during the test,

(2) 40th day of illness: 50 grams, glucose.
98 172 134 100 94 96 (Chart 30)
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 " ” 100 ,T u

3. Mote.
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 ............ Age 7 years.
Admitted  ........... 18:11:32.
Day of Illness ....... Second.
Dismissed  ...... 23:12:32.Classification ....... Severe.
Throat Swab ......... Positive.
Antitoxin ...........  20,000 units.
Journal Reference .... Ward 2 East.

!♦ History.
The tonsils were enlarged and covered with greyish- 

hlacfc 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 t ender •

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. Acetone 
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 illness: 30 grams, glucose,

106 172 166 150 137 118 (Chart 11).Glycosuria absent during the test.



(2) 30th day of illness: 30 grams, glucose.
86 160 124 84 92 88 (Chart 12)
Glycosuria absent during the test.

Blood Cholesterol.
(1) 4th day of illness: 136 mgms. per 100 c.ems. blood.
(2) 30th day of illness: 212 " ” 100 n ir

3. Note.
During the stage of toxaemia the glucose tolerance test 

reveals a 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.



CASE 7> -
EormatL Tully . •. .
Admitted. ...
Day of Illness .. 
Dismissed •••••••
Classification .. 
Throat Swab
Antitoxin ......
Journal Reference

Age 30 years 
86:11:32. 
Fifth. 
85:12:32. 
Mild. 
Positive. 
4,000 units. 
Ward 2 East.

1# History.
Admitted on the fifth day of illness. The throat was 

very congested and a large patch of membrane was present 
on the right tonsil. There was no glandular enlargement 
and foetor oris was slight. The temperature was elevated 
to 100.6°F. and the pulse rate was 116 on admission. The 
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 intra­muscularly.

The case progressed satisfactorily and the patient was dismissed well.

2. Glucose Tolerance and Blood Cholesterol.
A glucose tolerance test and estimation of blood chol­

esterol wereimade (1) during the acute stage of the illness 
and (2) on recovery.

(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.

Glucose Tolerance



Blood Cholesterol.
(1) 7th day of illness-: 196 mgms. per 100 e.cms.
(2) 24th day of illness: 184 11 ” 100 n

3. Hote#

blood.
Tt

The ease was one of mild faucial diphtheria in an 
adult. Eo departure from normal was found in the toler­
ance for glucose nor in the cholesterol of the blood.



CASS 8.
W. Glendenning .. Age-8 years.Admitted ..... .. 29:11:32.
Day of Illness ....... Fifth.
Dismissed  ..... 5:1:33.
Classification   Mild.
Throat Swab .......... Positive.
Antitoxin ............ 8000 units,
Journal Reference .... Ward 1 Shst.

1* History.
Admitted on the fifth day of illness. A small patch 

of membrane was present on each tonsil and on the uvula. 
Oral foetor was only slight and glandular enlargement was absent*

The temperature was 99°F. 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 anti­toxin 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 estima­tions were made (1) during the acute stage of illness, and(2) on recovery.

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)



Blood Cholesterol•
(1) 7th day of illness, 108 mgms. per 100 c.cms. blood.
(2) 30th day of illness, 167 " " 100 " ”

3. Bote#
The initial blood sugar curve shows a mild interference 

with carbohydrate storage and a fasting hyperglycaemia.
The blood cholesterol at this time was low. Fasting 
blood sugar, glucose tolerance, and blood cholesterol were 
normal on r ec overy.
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CASE 9 . ■*. ;
£ .Fullerton...... ...
Admitted .........
Bay of Illness .......
Dismissed ............
Classification ......•
Thro&t Swab ..........

... Antitoxin ............
Journal Reference ....

1. History#
A<3mitted on the 6th day of illness. Both tonsils were 

enlarged and covered with greyish-white membrane. The 
tonsillar glands were moderately enlarged and tender and 
foetor oris was present. The colour was pale and the 
complexion had a slightly livid tint• The temperature 
was 98.4°F., and the pulse rate 104, The cardiac rhythm 
was regular, and the pulse was of normal tension and good volume. Acetone and diacetic acid were present in the 
urine. The bacteriological report was positive 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 nasal 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 inch below the costal margin* Acetone and diacetic 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 no evidence of squint could be found

Age 6 years. 
30:11:32. 
Sixth. 
18:2:33. 
Severe... Positive. 
16,000 units. 
Ward 1 East.



and-,the subsequent progress was satisfactory, 
patient was dismissed well on the 80th day. The

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
Glycosuria developed during the test.

(2) 39th day of illness: 30 grams glucose.
93 186 157 131 108 96

Glycosuria developed during the test.
(3)

(1 )
(2 )
(3)

60th day of illness.
88 172 123 86 90

Blood Cholesterol.

(Chart 17 )

(Chart 18)

88 (Chart 19 )

8th day of illness, 144 mgms. per 100 e.cms* blood. 
39th day of illness , 253 n " 100 n lf
60th day of illness, 177 n 11 100 ” «

3, Note.
The case was one of severe faucial 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 reveals the existence of fast­
ing hyperglycaemia and delay in the storage of carbohydrate. Acetone and diaeetie acid were present in the urine and 
sugar appeared, also, during the test. The "blood choles­
terol was low.

When paralysis was aestab 11 shed the delay in storage was
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still evident and the renal threshold m s  again exceeded, 
fhe blood cholesterol was found to he abnormally high.

During convalescence the blood sugar, glucose tolerance 
and blood cholesterol were normal.

:;hv ... 0.... ,, :•



CASE 10.
©•Gray- Age 7 years
Admitted ........
Bay of Illness ..
Dismissed......
Classification ..

•• 3:12:32. 
•• Third.
. • 4:1:33.
.. Moderate.

Throat Swab ....
Antitoxin......
Journal Reference

. Positive.

. 12,000 units 

. Ward 1 Sist.

1. 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 enlarged.

The complexion was tinged with cyanosis. The temper­
ature was 102°F. 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 units of anti­
toxin were injected intramuscularly.

By the 5th day of illness the temperature was 98.4°F. 
and the cardiae sounds were of normal intensity. 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 11th day of illness. The subsequent course of 
the illness was favourable and the patient was dismissed 
well on the 32nd day.

2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterol were estimated

(1) during the stage of toxaemia, (2) after the subsidence 
of the acute symptoms, and (3) during convalescence.



Glucose Tolerance#
(1) 5th day of illness: 30 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 (C h a rt 21)Glycosuria absent during the test.

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

Blood Cholesterol.
(1) 5th day of illness, 139 mgms. per 100 e.cms. blood.
(2) 8th day of illness, 165 n n 100 n n
(3) 26th day of illness, 172 " n 100 ” ”

3. Note.
A fasting hyperglyeaemia, a definite delay in storage 

and a maximum concentration above the renal threshold with 
resultant glycosuria are evident during the toxic stage. 
The blood cholesterol was low. The urine contained ace­tone 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.

The blood sugar curve, during convalescence, is normal 
bjrc atypical in the sense that the blood sugar concen­
tration falls to a lever 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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CASS 11. _
R. McIntosh Age 10 years •Admitted ............ 9:12:32.
Bay of Illness ...... Third.
Bied  ..... 12:12:33.
Classification..  Severe.
Throat Swab   .......Positive.
Antitoxin  ...... 80,000 units.
Journal Reference .... Ward 1 Bast.

1 .  H is t o r y .

The ease was one of severe faucial diphtheria ending 
fatally on the sixth day. On admission the patient was 
in the throes of an overwhelming toxaemia. The soft 
palate, the uvula and the tonsils were considerably oedema­
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 anterior nares and enlarged pain­ful glands formed a "consular” 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 100.2°F. and the pulse rate 120. The 
pulse was regular in rate and fhythmj. The heart sounds 
were forceful 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 f” 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 arrhythssia developed on the following day, groups 
of premature beats being felt frequently at the wrist.
The g eneral and local condition of the patient had not 
improved and a further intravenous injection of 20,000 
units of antitoxin was given. On the 5th day of illness 
an additional 20,000 units,of antitoxin were administered



intramusc ular ly, On the same day vomiting occurred at
frequent intervals, and the cardiac rhythm became totally 
irregular. The intensity of the sjnnptoms remained un­
relieved and the patient died, on the sixth day, of early cardiac failure.

2. Glucose Tolerance and 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.
\ Glueose Toleranc e.

4±h day of illness: 30 grams. glue os e.
76 175 122 146 115 108 (Chart 23)

Blood Cholesterol.
4th day of illness, 242 mgms. per 100 e.cms. of blood.

3. Rote.
The ease was one of severe faucial diphtheria, ending 

fatally, by early cardiac failure, on the sixth day. The 
blood sugar curve shows a fasting hypoglyeaemia, a maximum coneentration in excess of the renal threshold at the 60 
minute interval, and a definite delay in storage. Glyco­
suria developed during the test. At the 2 i hour interval 
the blood sugar is still above fasting level. The blood 
cholesterol was abnormally high.



CASS 12. .

3).Kennedy •••••••••... Age 11 years.Admitted ............. 6:1:33.
Say of Illness ....... Fourth.
Dismissed ............ 8:2:33.
Classification...... Mild.
Throat Swab  ....... Positive.
Antitoxin  ...... . 8,000 units.
Journal Reference .... Ward 1 Ehst.

1. History.
Both tonsils were enlarged and congested. A small 

pat£h of membrane was present on the right tonsil. Foetor 
oris was absent and there was no glandular enlargement.

The temperature was 98.2°F. and the pulse rate 96.
The pulse was regular in rate, rhythm and volume. The 
heart sounds were pure and of normal intensity, and the' 
colour was good. The urine was clear of a cetone 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 blood cholesterol were esti­

mated (1) during the acute stage, and (2) during convales­cence.
(1) 5th day of illness: 30 grams, glucose.

93 152 176 108 88 95 (Chart 24)

(2) 30th day of illness: 30 grams, glucose.
96 168 124 90 102 98 (Chart 25)

Blood Cholesterol.
(1) 5th day of illness, 179 mgms. per 100 clcms. blood.
(2) 30th day of illness, T.87 n 11 100 " ”



SjjJgote.

The c as e' was cine of mild faueial diphtheria presentin# 
no features of special interest during its course. The 
blood sugar, glucose tolerance and blood cholesterol were 
apparently * normal, during the acute stage and on recovery.



CASS 13.
R* Monteith ♦......... Age 8 years•
Admittod ............. 711 j33.
Day of Illness ....... Sixth.
Dismissed ............ 11?2*33*
Classification   Moderate.
Throat Swab .......... Positive.
Antitoxin  ..... 28,000 units.
Journal Reference .... Ward 1 Bast.

1. History.
Admitted on the sixth day of illness, the patient was 

in a 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 numerous small patches 
The “breath was markedly foetid and the tonsillar glands 
were slightly enlarged. Pallor and lividity of the face 
were noticeable. The temperature was 102°P. and the 
pulse rate 138* The pulse was regular in rate and rhythm 
“but the volume was variable and, at times, thready. On 
auscultation the first and second sounds were everywhere 
soft and muffled. Acetone and diaeetid acid were present 
in the urine. 28,000 unite of antitoxin were administered 
intr amus cular iy.

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 diacetic acid. The 
heart sounds w ere of normal intensity by the 11th day, at 
which time the throat was completely clear of exudation, 
congestion and oedema. The further progress was unevent­ful and the patient was dismissed well on the 40th day.

2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterolwere estimated(1) during the toxic stage, and (2) after recovery.



Glucose Tolerance*
(1) 7th day 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 day of illness, 158 mgms. per 100 c.cms. blood.(2) 30th day of illness, 161 " ” 100 rT "

3. ffote.
The initial glucose tolerance test revealed only a 

slight departure from normal. A mild fasting hypergly- 
caemia is evident in the blood sugar curve. The point 
of maximum 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, compiled during convalescence, shows no 
abnormality. The blood cholesterol on both occasions 
was normal.



CASE 14.

* » VU »  Jm V  U v U  » • • • • • • •

Day of Illness ..TH etn*? g o

1 .MclQeod ..**•.»« 
Admitted ....... Age 12 years 11:11 33 « 

Fourth.
6 : 2 : 3 3 . 
Moderate. 
Positive.
8,000 units. 
Ward 1 East.

> ♦ ; # ♦ [0 0

Classification 
Throat Swab ..Antitoxin....
Journal Reference

1. History.
Admitted on the 4th day of illness. The tonsils had 

obviously been removed but inn each tonsillar fossa mem­
branous exudate m s  present. The right tonsillar gland 
■was enlarged slightly and foetor oris m s  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 diacetic 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 there­after was uneventful and the patient was dismissed well on the 29th day of illness.

2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterol were investi­

gated (1) during the stage of toxaemia, and (2) after 
recovery.

(1) 5th day of illness: 30 grams, glucose.
110 178 165 125 134 110 (Chart 28)Glycosuria absent during the test.

Glucose Tolerance.



(2) 24th day of illness; 30 grams, glucose.
96 168 -113 93 102 100 (Chart 29).

Blood Cholesterol.
(1) 5th day of illness, 168 mgms. per 100 c.cms. blood.
(2) 24th day of illness, 185 n n 100 w 11

3. Bote.
A slight fasting hyperglyeaemia and a mild degree of 

interference with carbohydrate storage are evident from 
the initial blood sugar curve. Glycosuria 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.



CASE 15.
D.Henderson Age 11 years
Admitted .«•..»...«•• 8.1:33.
Day of Illness ...... Fourth.
Dismissed .. .. • • 29:3:33.
Classification ...... Severe
Throat Swab ......... Pos itive
Antitoxin ........... 26,000 units
Journal Reference ... Ward 1 East.

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 exu­date. 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 from 
the urine# Albumen was present in traces.

Progress was satisfactory 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 rate and rhythm, and there was a 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- aeetic acid were present in the urine.
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Eepatie 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 becoming 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 
arrhythmia, and (3) during convalescence.

Glucose Tolerance.
(1) 5th 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.
93 170 155 131 118 125 (Chart 31 )Glycosuria absent during test.

(3) 60th day of illness: 30 grams glucose.
106 175 158 100 110 108 (Chart 32)

Blood Cholesterol.
(1) 5th day of illness, 100 mgms. per 100 c.cms blood.
(2) 40th day of illness, 265 n " 100 " H
(3) 60th day of illness, 214 n ” 100 n ”

3. Dote.
During the stage of toxaemia, the glucose tolerance 

test revealed a low fasting blood sugar and a marked 
delay in storage. Acetone and diaeetie aeid were present



in the urine-and the blood cholesterol was markedly 
decreased. When palatal paralysis supervened on the 
40th day, the delay in storage was still 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.
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CASE 1 6 .
H. Could • •. .•••••••• Age 11 years«
Admitted *v.......... 11:1:33.
Day of Illness .••••• Fourth*
Dismissed ..........10:2:33.
Classification ...... Mild.
Throat Swab  ....... Positive.
Antitoxin    8,000 units.
Journal reference ... Ward 1 East.

1. History.
Admitted on the 4th day of illness, the right tonsil 

was covered with thick yellow membrane. The breath 
was noticeably foetid and the right tonsillar gland was 
enlarged slightly. The temperature was 98.6°I\on ad­mission, and 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 intra­muscularly.

The throat was clear of membrane on the 6 th day and 
acetone and diacetic acid were absent from the urine 
by the 8th day. The further progress of the ease was 
uneventful and the patient was dismissed well on the 
34th day.

2. Clueose Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterol were estimated (1) during toxaemia, and (2) after recovery.

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

96 174 143 110 113 98 (Chart 33)Glycosuria absent during test.
(2) 30th day of illness: 30 grams, glucose.

98 172 131 92- 105 95 (Chart 34)



Blood Cholesterol.
(1) 5th day of illness, ,167 mgms. per 100 c.cms. blood.
(2) 30th day of illness, 178 " " 100 ” »

3. Hote.
The case was one of mild severity. During the stage 

of toxaei&ia a slight departure from normal is noticed 
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 normal. The blood 
cholesterol was normal on both occasions.



CASE 17.
W  T.oo ctTr
Admitted ..... 
Bay of illness 
Dismissed ..... 
Classification

Age 7 years7:1:33.
Fifth.
6 :2 :3 3 .  
Mild. 
Positive.
8,000 units 
Ward 1 East

Throat Swah .....
Antitoxin .......
Journal Reference • # • •

1 # History#
The left tonsil appeared to have "been removed. The 

right tonsil was enlarged and was covered with numerous 
small patches of yellow exudate. Filmy exudate was 
also present in the ileff; tonsillar fossa. The tonsillar 
glands were hoth slightly enlarged. Oral foetor was pro­nounced.

The temperature was 99°F. and the pulse rate 96. The 
heart sounds were slightly 'blurred hut otherwise normal.The pulse was regular in rate, rhythgi and volume.

The urine contained no acetone nor diacetie aeid. 8,000 
units of antitonin were injected intramuscularly. Progress was uneventful and the patient was dismissed well on the 
34th day.

2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and hlood cholesterol were estimated during the toxic stage.

(1) 6th day of illness, 193 mgms. per 100 c.cms. hlood.

Glucose Tolerance.
(1) 6th day of illness: 30 grains, glucose.

83 168 94 80 92 85 (Chart 35)
Blood Cholesterol.
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3# Jjfote.
The ease was one of mild faucial diphtheria. Glucose 

tolerance and hlood cholesterol were found to he normal during the toxaemia.



CASB18.
I t# D&Xy «..«»..« 
Admitted ..*...*itUJUJ. 0 v tsu. . . . . . . .
Day of Illness . 
Dismissed •....

•• Age 10 years• .. 14:1:33.
. • Second.

Classification . 
Throat Swat) ....

.. 17:2:33. 
•. Mild. 'i V i J L  .L V * .  ♦

Positive.Antitoxin.....
. Journal Deference . 8,000 units, 

. Ward 1 Shst.

1. History.
Admitted on the 8nd day of illness, the tonsils 

were enlarged and patched with membrane. The palate and uvula were congested, and foe tor oris was pro­
nounced. The temperature was 99of and the pulse rate 
8 8 . 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.

(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 3 7 )

Glucose Tolerance



Blood Cholesterol.
(1) 3rd day of illness, 162 mgms. per 100 e.cms.blood.
(2) 30th day of illness, 167 " " 100 " "

3. Dote.
During the height of the toxaemia, the blood sugar 

curve shows an initial fasting hyperglyoaemia, but no 
other abnormality. Acetone and diacetie acid were 
present in the urine but glycosuria was absent through 
out the test. if ter recovery the fasting blood sugar 
and glucose tolerance were normal. The blood choles­
terol showed no departure from normal on either occas­
ion.'



CASE 19.
A.Morecambe *...• 
Admitted • • • .  • 
Day of Illness .. 
Dismissed .•... Classification .. 
Throat Swab .....

Age 12 years

Antitoxin
Journal Reference

.0 0 0 0 0 0 0 0 0 0 0

0 0 0 0

14:1:33.
Fifth.
15:2:33.
Severe.
Positive.
30,000 units
Ward 1 East,

1. History.
Admitted on the 5th day of illness, 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 
100.6°F on admission and the puls e rat e 112. The
colour was poor and tinged with ashen 'cyanosis. 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 diacetic 
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 ware 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 thereafter^ the throat finally becoming clear 
on the 12th day.

On the 15th day, the pulse became irregular in rate 
and rhythm, and a soft blowing systolic murmur could 
be heard at the apex and along the left border of the 
sternum. The cardiac sounds were muffled and the pulse rate varied between 70 and 120 beats per minute. Numer­
o u s  premature contractions could be felt at the wrist. 
Acetone and diacetic acid were still present in the 
urine and slight traces of albumen were also noted.
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Cardiac arrhythmia persisted until the 20th day, 
hy which time the quality of the heart sounds was much 
improved. The urine became clear of albumen, acetone 
and diacetic acid on the 24th day. The farther pro­
gress of the case was uneventful and the patient was 
dismissed well on the 36th day.

2. Glucose Tolerance 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 illness.
83 173 145 109 115 106 (Chart 39)
Glycosuria absent during test.

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

Blood Cholesterol.
(1) 6th day of illness, 190 mgms. per 100 c.cms blood.(2) 18th day of illness, 244 n ” 100 " TT
(3) 30th day of illness, 179 11 « 100 ” w

3« Uote.
The case 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



clinically by the development of glycosuria# The 
blood cholesterol during this stage was normal. On 
the 15th day myocarditis and cardiac arrhythmia 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 clinical recovery was established the blood 
sugar,glucose tolerance and blood cholesterol showed 
no departure from normal.
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Case 20
R. Moore 
Admitted Age 5 years 17:1:33 

Second 5:4:33 
Moderate 
Positive 
12,000 units Ward 1 £kst

Day of Illness .. 
Dismissed .......
Classification ..
Throat Swab ....
Antitoxin ......
Journal Reference

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.

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 
contained albumen acetone and diacetic acid.

Tachycardia persisted and on the 10th day of illness 
an intermitteney 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. Progress 
thereafter was satisfactory and the patient was dismissed 
well.
2. G-lucose Tolerance and Blood Cholesterol.

Glucose tolerance and blood cholesterol were estimated

o



 ̂(1 ) during the toxic stage, (2 ) during the stage of 
cardiac arrhythmia and tachycardia and (3) after clinical recovery.

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

90 150 203 145 113 100 (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) 42nd -day of illnes s: 30 grams glue os e.

' 94 160 122 98 90 90 (Chart 4 3 )Glycosuria absent during the test.

Blood Cholesterol.
(1) 3rd day of illness: 194 mgms per 100 c.cms blood(2) 17th day of illness: 244 rr " « n n
(3) 42nd day of illness: 189 n ” " « u

3, Hote. ....
Burfng the stage of toxaemia the fasting blood sugafc 

was normal. The blood 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 illness 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 
level but glycosuria was absent and the fasting blood 
sugar was low. At thus stage the blood cholesterol was 
abnormally high. Ketone; 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 delav 
however was only trivial. . ^



CASE 21,
J. Hicol ............. Age 12 years.Admitted ...... .....  17:1:33,
Day of Illness Third.
Dismissed  ..... 16:2:33.
Classification ....... Severe.
Throat Swab  ........ Positive.
Antitoxin  ........ 40,000 units.Journal Reference .... Ward 1 jEhst.

1. History.
Both tonsils were enlarged and extensively covered 

with thick greyish-white membrane, which extended 
across the palatal arches and covered the uvula. The 
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 1 0 2#6OF and the pulse rate 112. There was pallor 
and cyanosis 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 acid. 20,000 units of antitoxin were in­jected 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 toxic stage, and (2 ) after clinical 
recovery.



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

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 absent during test.

Blood Cholesterol.
(1) 5th day of illness, 256 mgms. per 100 c.cms blood
(2) 30th day of illness, 193 " " 100 " "

3. Hote.
The glucose tolerance test carried out during the 

stage of toxaemia showed a fasting hypoglycaemia, a maximum concentration 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 Convalescence the fasting blood sugar, glue os 
tolerance and blood cholesterol showed no departure from 
normal* "
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CASE 22.
R, Bryce  ..... Age 10 years.Admitted ............. 25:1:33.
Day of Illness ...... Third.
Dismissed ............ 27:2:33
Classification ....... Mild.
Throat Swab    ..... .. Positive.
Antitoxin  .......  1 2 ,0 0 0  Units.
Journal Reference .... Ward 1 Ehst.

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 enlarge­ment was absent. Toxaemia 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. 9

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 persist­ed 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 illness: _ 30 grams glucose.

116 162 134 120 125 118 (Chart 46)
Glycosuria absent during test.



(2 ) 2P.th day of illness: 30 grams glucose,
92 158 121 85 96 90 (Chart 4 7 )
Glycosuria absent during test.

Blood Cholesterol.
■ ■ , , l . l |..ll.l«ll l , ....................   |    ■

(1) '5th day of illness,.234.mgms,.per 100 c.cms,. hlood.(2) 30th day of illness, 173 " ” 100 TI n

5. Uote.
fhe first glucose tolerance test demonstrated a 

fasting hyperglycaemia and an inability to store and 
utilize; sugar• fhis condition was associated with 
ket&ne bodies in the urine and a high cholesterol con­tent in the blood. fhe.defect in carbohydrate meta­
bolism was not accompanied by sugar excretion in the 
urine.
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CASE 23
R.Martin ........
Admitted ........
. Tin tr *vP T l l m  aci cs ^

♦ ♦ ♦

25:1:33,
Sixth.2:3:33.
Mild. 
Positive.
12,000 units 
Ward 1 East.

Age 11 years

Throat Swab ••..•
Antitoxin  .....
Journal Reference

1. History.
The patient 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 98.2°F 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, ace­
tone and diacetic acid were present in the urine. 12,000 
units of antitoxin were administered intramuscularly.

The temperature and pulse rate were normal on the 
7th day. Exudate 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.

(1 ) 7th day of illness: 30 grams glucose.
76 178 141 123 100 95 (Chart 48)
Glycosuria developed during test.

Glucose Tolerance



(2) -30th day of illness: 30 grams glucose.
88 167 150 90 96 92 (Chart 49 )
Glycosuria absent during test.

Blood Cholesterol.
(1) 6th day of illness, 159 mgms. per 100 c.cms.blood.
(2 ) 30th day of illness, 171 u V  100 n ”

3, Bote.
This case, although mild, was admitted relatively 

far advanced in toxaemia. Fasting hypoglyeaemia, delay in carbohydrate storage with development of glycosuria, 
were noted during the acute stage of the disease. On 
recovery, the fasting blood sugar and glucose tolerance 
showed ho departure from normal. The blood cholesterol 
Was normal on both occasions.
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CASS 24.
•  • •  r •  •  •  •A>;rToal ..

Actmi ... •’ • •« •
Bay of;Illness . 
Dismissed ......
Classification ♦ 
Throat Swab ....
Antitoxin ......
Journal Reference

Age 8 years. 
2:2:33. 
Second. 
8:3:33.
Mild. 
Positive. 
8,000 units. 
Ward 1 East.

1 .

Admitted on the second day of illness, the throat 
was slightly inflamed and follicular exudate was present 
in hoth. tonsils« Oral foetor, palatal oedema and glan­
dular enlargement: were absent. The temperature on ad­
mission was lOOOF and the pulse rate 124. The colour was good and the heart sounds normal. The pulse was 
regular, rapid and full. Acetone and diacetic acid 
were not present in the urine. 8,000 units of anti­toxin were injected intramuscularly.

The temperature and pulse were.normal on the 5th day 
of illness 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 Toleranee and Blood Cholesterol.
Glucose tolerance and blood cholesterol were estimated

(1 ) during the acute stage, and (2 ) after recovery.
Glucose Toleranee,

(1) 3rd day of illness: 30 grams glucose.
115 162 174 105 125 110
Glycosuria absent during test. (Chart 50 )

(2) 30th day of illness: 30 grams glucose.
96 170 143 - 98 102 100 (Chart 51 )



Blood Cholesterol.
(!) 3rd day of illness, 134 mgms. per 100 c.cms.blood.
(2) 30th day of illness, 168 n ” 100 " "

3. lote.
The ease was one of mild faucial diphtheria recover­

ing uneventfully. The initial blood sugar curve shows 
a fasting hyperglycaemia. Storage and utilization of 
sugar were unaffected. Acetone and diacetic acid were 
not present in the urine, and the blood cholesterol was 
low.

Recovery was associated with normal findings with regard to the fasting blood sugar, glucose tolerance 
and blood cholesterol.
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CASE 25
3, Carr 
Admitted 22: 2 : 3 3 . 

Seventh. 
29:3:33. 
M o d e ra te. 
Positive.

Age 10 years.
Day of Illness
Dismissed .......
Classification •• 
Throat Swab .....Antitoxin .......
Journal Reference 8,000 units. Ward 1 East.

1. History.
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•

The temperature was 98.2°F on admission and the 
pulse rate 90. The face was pale and slightly livid.
The heart 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 intramuscularly.

The temperature and pulse rate were normal on the 
9th day of illness and the throat was clear by the 12th. 
On the 16th day of illness tachycardia developed, the 
pulse rate ranging from 90 to 110 beats per minute. Simultaneously a soft blowing systolie murmur could be 
heard at the apex. Albumen, acetone and diacetic acid 
were still present in the urine. Tachycardia persisted until the i23rd day of illness, the heart sounds being 
then pure and of normal intensity.

The urine was clear of acetone and diacetic acid on the 26th day, albuminuria persisting in slight traces 
for some days thereafter. The urine finally became clear
on the 30th day.

The further progress was satisfactory and the patient was dismissed well on the 41st day.



2. Glucose Tolerance and Blood Cholesterol.
Glucose toleranee and blood cholesterol were esti­

mated (1 ) during the acute stage of the illness, (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 136b 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 n w 100 " n
(3) 36th day of illness, 198 n « 100 n *»

3. Rote.
The case was one of mild faucial diphtheria presenting 

no features of special 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 hypoglyeaemia, a maximum con­centration above the renal threshold with development of 
glycosuria and a definite delay in carbohydrate storage. When tachycardia developed this abnormality 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 marked increase during the
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latter stage. Eo departure from normal was found in 
the estimations during convalescence.



CASE 26.
G-. Reid Age 7 years•
Admitted . ...«. ....... . •«.. 16iliSS•
lay of Illness ...... Third.
Dismissed  ...... 5:4:33.
Classification ...... Severe.
Throat Swab   Positive.
Antitoxin........ .. 32,000 -units.
Journal Reference .... Ward 1 ’%s.t.

1 . history.
The tonsils were covered with thick yellowish-white 

membrane, and palatal and peritonsillar infiltration 
was intense. Oral foetor was present and the cervical 
glands were enlarged and tender particularly on the left 
side. The temperature on admission was 102°F 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 acid. 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 of acetonediacetic acid on the 8th day and the throat was 
normal on the 10th day. Albuminuria persisted 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 diacetic acid were present in the urine from the 34th 
till the 46th day. The patient was dismissed well on 
the 80th day.



2. Glucose Tolerance and Blood Cholesterol.
Glucose toleranee and blood cholesterol were esti­mated (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 illness: 30 grains 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 (Chart 56
Glycosuria absent during the test.

(3) 78th day of illness: 30 grams glucose.
90 162 110 85 90 92 (Chart 57 )Glycosuria absent during test.

Blood Cholesterol.
(1) 4th day of illness, 136 mgms. per 100 c.cms.blood.(2) 38th day of illness, 264 " " 100 " 11(3) 78th dgcy: of illness, 189 n ” 100 " "

5. Rote.
During the acute stage of the disease the glucose 

toleranee 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 
and 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.



Glucose tolerance and blood cholesterol were normal 
after eliMcal recovery. The fasting blood sugar showed no departure from;, normal throughout.



CASE 27a
D. Cas e y ....
Admitted ..*....iiUittX V U w U  • • • » # » • •
Day of Illness ..

♦  •:

Age 12 years* 
24:2:33. 
Fourth. 
59:3:33.
Mild. 
Positive.
12,000 units. 
Ward 1 East.

Throat Swab .....
Antitoxin......
Journal Reference

1. History.
The tonsils were hoth enlarged and on each there was a 

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 and albu­
men was absent from the urine. The further progress was 
uneventful and the patient was dismissed well on the 40th 
day.

2 . Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterol were investi­

gated (1 ) during the acute stage, and (2 ) after recovery.

(1) 5th day of illness: 30 grams glucose.
113 176 121 109 110 115 (Chart 58 )

Glycosuria absent during, test.

Glucose Tolerance



(2) 30t3a day of illness: 30 grams glucose.
95 161 113 98 97 b 95 (Chart 59 )
Glycosuria absent during test.

Blood Cholesterol.
(1) 5th day of illness , 152 mgms* per 100 c#cms. hlood.
( 2) 30th day of illness, 176 " H 100 " "

3. Bote.
The initial glucose tolerance test showed a slight fast 

ing hyperglycaemia. Bo defect in the removal of. the ex­
cess of hlood sugar occurred. The hlood cholesterol was 
within normal limits.
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CASS 38
J.Aitken•iLX UJLtiii • * • . • • ■•••• • • • • Age 7 years. 

27:2:33. 
Fifth. 
5:3:33. 
Severe. 
Positive.
36,000 units 
Ward 1 Fast.

Admitted .. .7. 
Day of Illness 
Died •»•••»»»•
Classification  .....
Throat Swab ..........
Antitoxin...........
Journal Reference ••..

1. History.
The fauces and soft palate were intensely congested 

and infiltrated. Firmly adherent greyish-black membrane 
covered each tonsil 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-called "hull neekn 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 complexion 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 reduplicated. The liver was enlarged 
and could be felt fIT below the costal margin. Albumen, acetone and diacetic acid were present in the urine. 16,000 
units of antitoxin were injected intramuscularly on admis­
sion and 20,000 units were administered intravenously on 
the following day.

The pat lentT s condition 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 
near the end. The material vomited was streaked with 
blood. The patient died of cardiac failure on the 11th 
lay.
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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 (3) on the 10th day.

Glue os e Toleranc e.
(1) 7th day of illness: 30 grains glucose.

80 215 164 168 156 126 (Chart 60 )
Glycosuria present during test.

£ lasting Blood Sugar.
(2 ) 8th day of illness, 76 mgms. per lOOccms. of "blood.
(3) 10th day of illness, 72 ,T " 100 11 ” "

Blood Cholesterol.
(1) 7th day of illness, 206 mgms. per 100 e.ems. "blood.
(2) 8th day of illness, 234 ,T n 100 ” ”
(3 ) 10th day of illness, 268 n 100 ” »

5. ffote.
The case was one of severe diphtheria terminating "by

cardiac failure on the 11th day of illness. 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 "bipod 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.



CASE 29.
I)* Russell ........... Age 7 yearsAdmitted   2 :3 :3 5 .
Ray of Illness ....... Third.
Dismissed  ...... 6:4:33.
Classification ....... Mild.
Throat Swab .......... Positive.
Antitoxin........ 12,000 units.
Journal Reference .... Ward 1 ifast.

1 . History.
A small patch of yellowish-white membrane was present 

on each tonsil. Oral foetor was not mar Med glandu­
lar enlargement was absent. On admission the tempera­
ture was 100.4°F 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 diaeetic acid were present in the urine. 12,000 
units of antitoxin were injected intramuscularly.

The temperature and the pulse rate were normal «”d 
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 estimated 

(1 ) during the acute stage of the illness, and (2 ) after 
recovery.

Glucose 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.

87 172 143 90- 95 88 (Chart 62)Glycosuria absent during test.



Blood Cholesterol.
(1 ) 4th day of illness, 153 mgms .per 100 e.cms blood.
(2) 30th day of illness, 171 " " 100 w n

5. Bote.
The case was one of mild faucial diphtheria present­

ing ho 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 hyperglycaemia 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, fasting blood sugar or 
blood cholesterol.
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CASE 50
U  •  u x  LLU.V7XX

Admitted
Day of I l ? ” aac>
Dismissed

D.Cruden
...... Third.

^ i O i U A o O U U .  •
Classification •. 
Throat Swab ..... 
Antitoxin ........ . . .  * . « . . .  P o s it iv e .

....... Moderate.
.... 12,000 units 
• ••• Ward 1 East.Journal Reference

1. History.
The tonsils were enlarged and covered with thick 

adherent greyish-white membrane. The soft palate 
and peritonsillar tissues were inflamed and infiltrat­
ed, and foetor oris was present. Both tonsillar glands were enlarged and tender.

On admission the temperature was 99.6°F 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 gmr? the 
pulse rate were normal. Aeetone and diacetic acid dis­appeared 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 dis­missed well on the 35th day.

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

(1) 4th day of illness: 50 grams glucose.
124 169 142 117" 120 125 (Chart 63)

Glycosuria absent during test.

Glucose Tolerance



(E) 30th day of illness: 50 grams glucose.
103 171 98 116 100 105 (Chart 64)
Glycosuria absent during test.

Blood. Cholesterol*
(1) 4th day of illness, 1E3 mgms. per 100 c.cms.blood. 
(E) 30th day of illness, 161 n « 100 ” ”

3. Hote.
The initial blood sugar curve shows a fasting hyper- 

glyeaemia but no defect 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.
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CASS 51.
J. Irvine • •>•••. Admitted • .. ... •.
Bay of Illness .. 
Dismissed . .. 
Classification .. 
Throat Swab •.•.. Antitoxin .......
Journal Reference

Age 12 years 8:3:33. 
Fourth. , 
10:4:33. 
Jylddlerate. Positive. 
12,000 units 
Ward 2 Sist.

1. History.
Both tonsils were enlarged and covered with numerous 

small patches of membranous exudate. Foetor oris was 
slight and palatal infiltration and glandular enlarge­ment were absent.

On admission the temperature was 101°F 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 aeetone 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 di­
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 and blood cholesterol were esti­

mated (1 ) during the toxic stage, and (2 ) after recov­ery.

(1) 5th day of illness: 30 grams glucose.
108 186 137 1.18 120 114 (Chart 65)

Glycosuria present during test.

Glucose Tolerance



(2)-* 30th day of illness: 30 grams glucose.
97 170 125 75 100 100 (Chart 6 6 )
Glycosuria absent during test.

B lood Cholesterol.
(1) 5th day of illness, 123 mgms. per 100 c.cms blood.
(2) 30th day of illness, 155 " " 100 " "

3. Hote.
During the toxie stage, the blood sugar concentration 

was still above the fasting value at the end of 2j hours. 
The renal 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.



CASS 32
S .McGowan 
Admitted Age 8 years. 8:3:33. 

Second. 15:5:33. 
Moderate. 
Positive. 
12,000 units 
Ward 2 Sast.

Bay of Illness
Dismissed .......
Classification 
Throat Swab .....
Antitoxin .......
Journal Reference

1. 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^F., and 
the pulse rate 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 auscultation the first sound was everywhere 
soft and blurred and the second sound was accentuated and 
had a booming character. Albumen, acetone and diacetic 
acid were present in the urine. 12,000 units of antitoxin were administered intramuscularly.

The temperature was normal on the 4th day, but tachy­
cardia was present until the 7th day. Albuminuria remain­ed until the 8th day and by the 10th 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 e ardiac sounds were distant and soft, both the first and second sounds having a muffled quality. On the 29th 
day the liver was palpable one inch below the costal margin 
and the patient complained of abdominal pain. On the 30th day extrasystoles were present in abundance and redupli­
cation of the first sound gave rise to typical ”bruit de 
galop”. Vomiting occurred and remained troublesome during 
the 31st and 32nd days, during which time nothing would lie in the stomach. Acetone and diacetic acid were present 
in the urine until the 34th day. Tachycardia, arrhythmia and hypotension persisted until; the 36th .day. The general 
condition of the patient gradually improved and he was dis­
missed well on the 69th day. .



2. .Glucose Tolerance and Blood. Cholesterol.
Glucose tolerance and blood cholesterol were investi­

gated (1 ) during the stage of toxaemia, (2 ) during the 
stage of tachycardia, arrhythmia, hypotension and hepatic 
engorgement * and (3) after clinical recovery.

Glueose Tolerance♦
3rd day of illness: 30 grams glucose.
113 193 157 135 128 130 (Chart 67 )
Glycosuria developed during test.

28th day of illness: 30 grams glucose.
75 168 130 clotted 110 91 (Chart 68 )Glycosuria absent during test.

60th day of illness: 30 grams glucose.
95 160 160 102 -90 100 (Chart 69)Glycosuria abs ent during t es t.

Blood Cholesterol.
(1) 3rd day of illness, 171 mgms. per 100 c.cms. blood.
(2) 28th day of illness, 289 " " 1 0 0  " "
(3) 60th day of illness, 196 ” ” 100 " ”

3. Bote.
During the acute stage of the illness fasting hyper - 

glyeaemia, glycosuria and delay in carbohydrate storage 
resulted from the glueose 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 clinical recovery the findings with regard to glu­
cose tolerance, fasting blood sugar and blood cholesterol 
showed no departure from normal.

(1)

(3)

(3)
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GAS3-33.
£ .Farmer ........
Admitted *... *... 
Say of Illness .. 
Dismissed .......
Glassifieation .. 
Throat Swab .....
Antitoxin .......
Journal Reference

Age 7 years 15:3:33. 
Second. 
21:4:33• 
Moderate. 
Positive. 
8,000 units 
Ward 2 Fast,

1. History.
The tonsils were both enlarged and extensively cover­

ed with yellowish-white membranous exudate. The breath was foetid and the tonsillar glands were slightly en­
larged and tender. The temperature was 100VF. 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 intra­
muscular infection of 8,000 unite 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 Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterol were inves­

tigated (1 ) during the acute stage of the illness, and
(2 ) after recovery.

(1) 3rd day of illness: 30 grams glucose.
109 172 153 12£ 114 120 (Chart 70)

Glycosuria absent during test.

Glue os e Tolerance
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(2)  ̂28th day of illness:
80 150 150 90 83 87 (Chart 71)
Glycosuriaabsent during test.

Blood Cholesterol.
(1) 3rd day of illness, 173 mgms. per 100 e.ems. "blood.
(2) 28th day of illness, 194 ,T ” 100 n ”

3. Bote.
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 within normal limits.
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CASE 54

A
Bay of Illness .. 
Dismissed * *.., . * 
Classification ,..

A • * Age 17 ; 
..16:3:33
• • Fourth.
.. 5:5:33.
. • Severe.
.. Positive.
.. 25,000 units 
.. Ward 2 East.

Throat Swab .....
Antitoxin .......
Journal Reference

1 . History.
The patient looked pale and toxic. 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 
"hull neck” appearance. On admission the temperature was 99°F. and the pulse rate 96. The pulse was regular in .rate 
and rhythm, the heats 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 diacetic acid and albuminuria finally disappeared on the 10th. day. On the 12th day the 
throat was clear of exudation and infiltration. The general 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 ■unequal in volume. numerous 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 'Jn below 
the costal margin. Vomiting of food also occurred and ketone bodies were present in"the urine.



Oi^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 he 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 hlood cholesterol estimations 

were made (l)nduring the acute stage of the illness. (2 ) 
during the stage of secondary complications, and (3 ) after . clinical recovery.

Glucose Tolerance.
(1) 5th day of illness: 50 grams glucose.

105 121 185 150 143 120 (Chart 72)Glycosuria developed during test.
(2) 28th day of illness: 50 grams glucose.

75 168 162 124 110 115 (Chart 7 3 )Glycosuria absent during test.
(3) 48th day of illness: 50 grams glucose.

100 168 164 120 106 108 (Chart 7 4 )Glycosuria absent during test.
Blood Cholesterol.

(1) 5th day of illness, 218 mgms. per 100 e.cms. blood.
(2) 28th day of illness, 255 n n 100 n ■*»
(3) 48th day of illness, 223* " n 100 ” *»



5. Hate.
During the acute stage the blood sugar curve showed a 

defeet degree of d delay in the removal of the excess of 
blood sugar associated with the development of glycosuria 
during the test. Ac etone and diac etic ae id were pres ent 
in the urine. The second glucose tolerance test showed 
a fasting hypoglycaemia and a persistence of the storage 
defget, 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.



CASE 35.
J. Eaddow .......
Admitted. ........
-Day of Illness .. 
Dismissed. .......
Classification ..Throat Swab ....
Antitoxin......
Journal Eeference

• » • •
21:4:33. 
Moderate. 
Positive.

17:3:33.
Sixth.

25,000 units. 
Ward 2 East.

Age 18 years.

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 oral 
foetor was present. The face was flushed and circum oral 
pallor was present. On admission the temperature was 
90OF and the pulse rate 84. The heart sounds were pure 
and distinct 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 clear on the 12th day. The further progress 
was uneventful and the patient was dismissed well on the 41st day.

2 . Glucose Tolerance and Blood Cholesterol.
Clucose tolerance and blood cholesterol were estimated(1 ) during the acute stage, and (2 ) after recovery.

(1) 7th day of illness: 50 grams glucose*
118 156 102 115 106 110 (Chart 75)Glycosuria absent during test.

(2) 32nd day of illness: 50 grams glucose.

Glucose Tolerance



202 131 174 108 112 105 (Chart 76)G-lycosuria absent during test*
Blood Cholesterol,

(1) 7th i&y of Illness, 128 mgms* per 100 c.cms. Blood,
(2) 32nd day of illness, 174 « » 100 " «

g»13Sfote>
The glucose tolerance tests show 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.
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CASE 36
D. Campbell ....
Admitted ........
Bay of illness 1 . 
Dismissed .......
Classification .. 
Throat swab . *.,.
Antitoxin  ....
Journal reference

Age 19 years 
25:3:33. 
Third. 
14:14:33, 
Mild. 
Positive. 
6,000 ■units. 
Ward 1 East.

1. History.
Follicular exudate was present on Both tonsils. The throatwas markedly inflamed and foetor oris was present. There was

no glandular enlargement. On admission the temperature was 
102.2°F., and the pulse rate 112. The heart sounds were pure 
and of normal intensity, 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 intramus­cularly.

The throat was clear on the 8th day and the patient was dismissed well on the 25th day.

2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and Blood cholesterol were estimated during the acute stage of the illness.

4th day of illness: 153 mgms. per 100 c.cms. of Blood.

3. Eote.
The case was one of mild diphtheria. Eo abnormality was 

found in the Blood sugar, glucose tolerance or Blood cholester­
ol.

Glucose Tolerance. 
4th day of illness: 50 grams, glucose.

108 163 105 130 105 110Glycosuria absent during test.
Blood Cholesterol.

(Chart 77)



CASSn37,
A. Foot • • •............ Age 7 years •
Admitted .........,........ 29:3:33.
Day of Illness ......Fourth.
Dismissed         .... 3 :5 :3 3 .
Classification ....... Mild.
Throat Swab ......... Positive.
Antitoxin 8,000 units.
Journal Reference .... Ward 1 Ehst.

1. History.
The tonsils were enlarged, and follicular exudate was 

present on both. Foetor oris and glandular 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 Y 
98.40F and the pulse rate 112, The heart sounds were 
somewhat soft and the second sound was accentuated. The 
pulse was regular in rate and rhythm, of good volume, 
increased 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 normal. 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.
Glucose tolerance and blood cholesterol were estimated (1 ) during the acute stage, and (2 ) after recovery.

Glucose Tolerance.
Cl) 5th day of illness.

109 172 134 105 110 106 (Chart 78)
Glycosuria abs ent during test.



(2) 30tli day of illness «
82 160 160 78 89 85 (Chart 79)
Glycosuria absent during test.

Blood Cholesterol.
(1) 5th day of illness,. 136 mgms. per 100 c#01113. blood.
(2) 30th day of illness, 224 " " 1 0 0  ” "

5. Uote.
The only abnormality revealed by the glucose tolerance 

tests was a hyperglyeaemia in the fasting blood during the 
toxic stage. fhe blood cholesterol was abnormally low. 
lasting, blood sugar , glucose tolerance and blood cholesterol 
showed no departure from normal when clinical recovery was 
established. -



177

CASE 38. _
A. Gothill ........... Age 5 years•
Admitted ............ 3:4:33.
Day of Illness ...... Fifth,
Dismissed . *.. •• 5:5:03,
Classification ....... Moderate.
Throat Swab ..........Positive.
Antitoxin ............ 16,000 units.
Journal Reference .... Ward 1 East.

1. History.
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 and 
the pulse rate 104. The face was pale hut cyanosis 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 investi­gated (1 ) during the acute stage, and (2 ) after recovery.

Glucose Tolerance.
(1 ) 6th day of illness: 20 grams glucose,

94 196 135 116 121 114 (Chart 80)Glycosuria developed during test.
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(2) 28th day of illness: 20 grams glucose.
85 169 126 90 81 92 (Chart 81)
Glycosuria absent during test.

Blood Cholesterol.
(1) 6th day of illness, 203 mgms. per 100 c.cms. blood.
(2 ) 28th day of illness, 172 ", " 100 " "

3. Hote.
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 a maximum concentration in ex­
cess of the renal threshold with coincident excretion of sugar in the urine. The fasting blood sugar level is 
slightly raised. Acetone and diacetic acid were present 
in the urine. After recovery no abnormality was detect­
ed. The blood cholesterol throughout was within normal 
limits, though somewhat increased in amount, during the 
toxic stage when compared with the value after recovery.



CASE 39 —
H. Grant Age 7 years.
Admxtted ••• •.*...«»«• 5:4: 33.
Day of Illness . ,.... * Fourth,
Dismissed   ... • IB: 5:33.
Classification ........Severe.
Throat SwaB .........Positive.
Antitoxin  .... 45,000 units.
Journal Reference .... Ward 1 East.

1 . History.
The throat was very congested and infiltrated with 

oedema. Both tonsils were completely covered with greyish- Black membrane which extended Backwards across the palatal 
arches to cover the uvula and forwards on to the hard 
palate. Foetor oris was intense and the glands at the 
angles of the 3aw formed two large painful swellings ♦ . On 
admission the temperature was 102.2°F 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 hut of muffled quality. There was' slight 
shortening of the first sound and the second sound was 
accentuated. Alhumen, 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 injection 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.

Cardiac arrhythmia persisted' until the 12th day, until 
which time the temperature also tended to Be suBnormal.
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 progress was uneventful and the patient 
was dismissed on the 42nd day.



2 . Glucose goleran.ee and Blood Cholesterol.
Glucose tolerance ahd: "blood cholesterol were estimated 

(1 ) during the acute stagej (2) after the disappearance of 
the acute sjTmptoms, and (3) when 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 illness, 98 mgms. per 100 c.cms blood.
(2) 15th day of illness, 157 n TI 100 ” ”
(3) 35th day of illness, 163 n ” 100 ” ”

3. Bote.
The case was one of severe faucial diphtheria in vshich 

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 diacetic acid and the general condition was much im­proved. 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 normal limits.



CASE 40,
T.Smellie .......
Admitted ....
Day of Illness .. 
Dismissed .......
Classification ..
Throat Swab ....
Antitoxin .......
Journal Reference

Age 8 years. 
8:4:33. 
Second. 12:5:33. 
Moderate. 
Positive. 
16,000 units 
Ward 1 East.

1 . History.
The patient was pale and looked toxic. Both tonsils 

were enlarged and extensively patched with yellow-white 
membrane. The glands at the angles of the 3aw were 
slightly enlarged and oral foetor was intense. The soft 
palate was congested and infiltrated with oedema. On 
admission the temperature was 102°F and the pulse rate 1 2 0. 
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.



- Glucose Tolerance.
(1) 3rd day of illness: 30 grains glucose.

116 168 134 120 132 130 (Chart 85)
Glycosuria absent during test.

(2) 29th day of illness: 30 grams glueose.
90 170 123 96 87 95 (Chart 86)Glycosuria absent during test.

Blood Cholesterol.
(1) 3rd day of illness, 154 mgms. per 100 c.cms. blood.
(2) 29th day of illness, 162 ” ” 100 n w

3. Rote*
During the toxic s tage the glue os e toleranc e test showed 

a fasting hyperglycaemia 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 fasting blood sugar and 
glucose tolerance were normal#



CASE 41
R • H e w itt   .......... .. Age 7 years .
A dm itted   ................... .. 2 4 :5 :3 3 .
Day o f i l ln e s s  ...............S ix th .
D ism issed ..........................  1 0 :7 :3 3 .
C la s s i f ic a t io n  ..............  S evere .
T h ro at Swab ...................... P o s i t iv e .
A n t ito x in  ..........................  3 1 ,0 0 0  u n i ts .
J o u rn a l R eference . . . .  Ward 2 E a s t.

1# H is t o r y .

The to n s ils  were en larg ed  u n t i l  th e y  alm ost met in  th e  
mid l i n e .  T h e ir  apposing surfaces  and th e  s o f t  p a la te  
were e x te n s iv e ly  covered w ith  y e llo w is h -w h ite  membranous 
exu d ate . There was marked i n f i l t r a t i o n  and cong estio n  o f  
th e  s o f t  p a la te  and the  p e r i t o n s i l la r  t is s u e s . The b re a th  
was f o e t id  and th e  glands a t  the  angles o f the 3aw were  
v is ib ly  en la rg ed  and te n d e r . On adm ission th e  tem p era tu re  
was 980F and th e  p u lse  r a te  100.

The co lo u r was p a le  and th e  com plexion had an ashen, 
c y an o tic  hue. The p u lse  was r e g u la r ,  r a p id , o f sm a ll 
tfolume and decreased te n s io n . The h e a rt  sounds were s o f t  
and d is ta n t  and th e  f i r s t  sound was d e c id e d ly  weak. The 
u rin e  contained®acetone and d ia c e t ic  a c id . 1 6 ,0 0 0  u n its  
o f a n t i t o x in  were ad m in is te red  in tra m u s c u la r ly  and on th e  
fo l lo w in g  day a fu r th e r  in je c t io n  o f 15 ,000  u n its  was g ive n  
in tra v e n o u s ly .

The tem perature and th e  pu lse r a te  were norm al on th e  
8 th  day o f i l ln e s s .  The u r in e  was c le a r  on the  1 0 th  and 
e xu d a tio n  disappeared from  th e  th ro a t  on th e  1 2 th  day. On 
th e  1 4 th  day c a rd ia c  a rrh y th m ia  developed. The .pu lse  was 
i r r e g u la r  in  r a te  and rhythm , th e  i r r e g u la r i t y  ta k in g  the  
fo rm  o f e x tra s y s to le s  w ith  a tendency to  co u p lin g  o f the  
b e a ts . The fo rc e  and te n s io n  o f th e  p u lse  were d im in is h ed . 
The f i r s t  ca rd iac  sound a t  th e  apex was sh o rten ed . On th e  
1 5 th  day r e d u p lic a t io n  o f th e  f i r s t  sound w ith  t y p ic a l  
Irg a llo p  rhythm ” was n o tic e d . C ard iac  a rrh y th m ia  rem ained  
u n t i l  th e  1 9 th  day o f i l ln e s s .  During th is  p e r io d  th e  p u lse  
r a t e  v a r ie d  from  90 -  120 beats" per m inute and th e  u r in e



c o n ta in ed  acetone a n d n d ia c e tic  a c id . On th e  22nd day 
th e  g e n e ra l c o n d itio n  was much im proved, th e  c a rd ia c  rhythm  
was re g u la r  and th e  u r in e  was c le a r .  Progress was m ain­
ta in e d  and th e  p a t ie n t  was d ism issed w e l l  on th e  53rd  day.

2 . G lucose To lerance  and Blood C h o le s te r o l.

Glucose to le ra n c e  and "blood c h o le s te ro l were in v e s t i ­
g a ted  (1 )  d u rin g  th e  acute  s tag e , (2 )  du ring  th e  stage o f 
c a rd ia c  a rrh y th m ia , and (3 )  a f t e r  re c o v e ry .

Glucose T o le ra n c e .

(1 )  8 th  day o f i l ln e s s .

100 225 175 143 118 115 (C h a rt 87)
G lyc o s u ria  developed du ring  t e s t .

(2 )  1 6 th  day o f i l ln e s s .

73 172 135 89 96 95 (C h a rt 88)
G lyc o su ria  absent d u rin g  t e s t .

(.3) 42nd day o f i l ln e s s .

86 169 134 90 90 92 (C h a rt 89)
G lyc o su ria  absent d u rin g  t e s t .

Blood C h o le s te ro l.

( 1 )  8 th  day o f i l ln e s s ,  91 mgms. per 100 c.ems b lo o d .
( 2 )  1 6 th  day o f i l ln e s s ,  220 11 " 100 n "
(3 )  42nd day o f i l ln e s s ,  167 11 " 100 ” ,T

3 .  I lo te .

The case was one o f severe f a u c ia l  d ip h th e r ia  ad m itted  
f a r  advanced in  toxaem ia. D uring th e  acute  s tage  o f th e  
i l ln e s s  th e re  was a s ta te  o f hyperglycaem ia w ith  i n a b i l i t y  
to  s to re  or u t i l i z e  carbohydrate w ith  r e s u lta n t  g ly c o s u r ia .  
Acetone and d ia c e t ic  a c id  were p resen t in  th e  u r in e . The 
blood c h o le s te ro l a t  th is  tim e was m arkedly decreased.



When cardiac arrhythmia 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 findings with regard to fast­
ing blood sugar, glucose tolerance and blood cholesterol.



CASE42.
A . N e ils  o n ............
A dm itted  . . . . . . • •
Day o f I l ln e s s  • •
Dism issed ...............
C la s s i f ic a t io n  . .
T h ro at Swah ..........
A n t ito x in  ..............
J o u rn a l R eference • • • •

Age 8 y e a rs .  
5 :6 :3 5 .  
Second. 
1 0 :7 :3 3 .
M oderate . 
P o s it iv e .  
16 ,0 0 0  u n its  
Ward 2 E a s t.

1 .  H is to r y .

The p a la te  and fauces were in fla m e d  and oedematous.
Both to n s ils  were en larged  and covered w ith  numerous s m a ll 
patches o f  y e llo w is h -w h ite  membranous ■ exudate. F o eto r  
o r is  was absent and g la n d u la r enlargem ent was o n ly  s l ig h t .  
On adm ission th e  tem perature  was 1 0 0 .S°F and th e  p u lse  r a te  
1 3 0 . The co lo u r was good though th e  p a t ie n t  was somewhat 
p a le . The h e a r t  sounds were pure h u t s o f t  and m u ffle d ,  
and th e  second sound was  accentu ated  a t  th e  a o r t ic  and 
pulm onary v a lv e  a re a s . The p u lse  was re g u la r  in  r a te  and 
rhythm , o f good volume and in creased  fo rc e  and te n s io n .  
Acetone and d ia c e t ic  a c id  were p resen t in  th e  u r in e .
1 6 ,0 0 0  u n its  o f a n t i to x in  were ad m in is te re d  in tra m u s c u la r ly .

The tem perature  f e l l  to  normal on th e  5 th  day and th e  
u r in e  was c le a r  o f acetone and d ia c e t ic  a c id . The p u lse  
r a te  however rem ained e le v a te d , v a ry in g  from  90 -  110 heats  
p e r m in u te , and a s l ig h t  i r r e g u la r i t y  was observed a ls o  in  
i t s  rhythm , in  the  form  o f prem ature heats w ith  compensa­
to r y  pause. Exudate disappeared from  th e  th ro a t  on th e  
6 th  day.

On th e  7 th  day an u r t i c a r i a l  ra s h  developed, commencing 
a t  f i r s t  in  th e  v i c i n i t y  o f th e  serum in je c t io n  and la t e r  
becoming g e n e ra lis e d . I t  was asso c ia ted  w ith  oedema, 
e s p e c ia l ly  o f the  fa c e , hands and f e e t ,  the  fa c e  hav ing  a 
p a r t ic u la r ly  " b lo a te d ” appearance. The w r is t ,  th e  elbow, 
th e  laiee and th e  an k le  jo in ts  were en larged  and p a in fu l .
The tem perature  was e le v a te d  to 101°F and the p u lse  r a te  
was 120". The f i r s t  ca rd iac  sound was so shortened as to  
be alm ost in a u d ib le  and loss of. a c c e n tu a tio n  o f th e  second
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sound was n o tic e d . The p u ls e  decreased in  fo rc e  and 
d im in ish ed  in  te n s io n , had a p a r t ic u la r ly  "ru n n in g 11 c h a r­
a c t e r .  The c o lo u r was poor and tin g e d  w ith  ashen c y a n o s is . 
Albumen, acetone and d ia c e t ic  a c id  were p resen t in  th e  u r in e

On th e  8 th  day th e  symptoms were le s s  s e v e re . No f u r ­
th e r  vo m itin g  had occurred and th e  rash  had fa d e d . S w e ll­
in g  o f th e  jo in ts  p e rs is te d  u n t i l  the 1 2 th  day, when th e  
u r in e  a ls o  became c le a r .  On th e  13 th  day th e  tem p era tu re  
and p u lse  r a te  were normal and th e  h e a r t sbunds had im prov­
ed in  q u a l i t y .  The p u lse  was r e g u la r  in  r a te  and rhythm . 
I t s  te n s io n  and fo rc e  were norm al.

Progress was m ain ta ined  w ith o u t fu r th e r  event and th e  
p a t ie n t  was d ism issed on th e  3 7 th  day o f i l ln e s s .

A lthough th e  o r ig in a l  in q u iry  re g a rd in g  p rev io u s  serum 
in je c t io n  was answered in  th e  n e g a tiv e  by the  p a re n ts , i t  
l a t e r  t ra n s p ire d  t h a t ,  fo u r years p re v io u s ly  in  A m erica, 
th e  p a t ie n t  had been g iv e n  "an in je c t io n  f o r  a cu t kn ee". 
Presum ably the  in je c t io n  was a p ro p h y la c tic  measure a g a in s t  
t  e tan u s .

2 . Glucose To lerance and Blood C h o le s te ro l.

Glucose to le ra n c e  and blood c h o le s te ro l were in v e s t i ­
g a te d  (1 )  during  th e  acute s ta g e , (2 )  d u rin g  th e  stage o f  
serum s ick n ess , and (3 )  a f t e r  re c o v e ry .

Glucose T o le ra n c e .

(1 )  3 rd  day o f i l ln e s s :  30 grams g lu co s e .

103 167 182 149 116 122 (C h a rt 90 )
G lyco su ria  developed d u rin g  t e s t .

(2 )  7 th  day o f i l ln e s s :  30 grams g lucose .

65 169 140 113 102 90 (C h a rt 91 )
G lyco su ria  absent d u rin g  t e s t .

(3 )  32nd day o f i l ln e s s :  30 grains g lu c o se .

89 150 124 93 ~ 95 95 (C h a rt 92 )
Glycosuria absent d u rin g  t e s t .
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Blood C h o le s te ro l.

( 1 )  3 rd  day o f i l ln e s s ,  105 mgms. p er 100 c.cm s. b lo o d .
( 2 )  7 th  day o f i l ln e s s ,  179 " 11 100 11 "
( 3 )  32nd day o f i l ln e s s ,  165 11 '"  100 " n

3 .  N o te .

F a s tin g  hyperglycaem ia de layed s to rag e  and a p o in t o f
maximum c o n c e n tra tio n  in  excess o f th e  r e n a l  th re s h o ld
w ith  g ly c o s u r ia  were deduced from  th e  f i r s t  g lucose t o l e r ­
ance t e s t .  Ketone bodies were p resen t in  th e  u r in e  and
th e  b lood  c h o le s te ro l waar abno rm ally  lo w . On th e  7thbday
serum sickness developed when hypoglyeaem ia and d e layed
s to rag e  were p re s e n t.. Ketone bodies were a g a in  p re sen t  
but. th e  b lo o d  c h o le s te ro l was now w ith in  norm al l i m i t s .
F u rth e r  es tim atio n s  a f t e r  reco very  gave norm al r e s u lts  fo r  
f a s t in g  b lood  su g ar, g lucose to le ra n c e  and b lood c h o le s te ro l.



CASE 42.
D. Boyle  
A dm itted

Age 9 years  
9 :6 :3 3 .  
T h ir d . 
1 4 :7 :3 3 .  
M ild .  
P o s it iv e .  
6 ,0 0 0  u n its  
Ward 1 Bast

Bay o f i l ln e s s  . .  
Dismissed . . . . . . .
C la s s i f ic a t io n  . .
Th ro at Swab ..........
A n t ito x in  ..............
J o u rn a l re fe re n c e

1 . H is to r y .

The th r o a t  was in flam ed  and th e  to n s ils  were e n la rg e d . A 
patch  o f membranous exudate was p resen t in  th e  l e f t  t o n s i l .
B o th  s u b m a x illa ry  glands were en larged  and te n d e r. F o e to r  
o r is  was p re s e n t. On adm ission th e  tem p erature  was 9 9 .4 °F .  
and the p u lse  r a te  110. No a b n o rm a lity  was d e te c ted  in  th e  
h e a r t  on a u s c u lta t io n . The pu lse  was re g u la r  in  r a te  and 
rhythm . Acetone and d ia c e t ic  a c id  were p resen t in  th e  u r in e .  
The th r o a t  was c le a r  on th e  8 th  day and th e  p a t ie n t  was d is ­
missed w e ll  on the  3 7 th  day.

2 . Glucose To lerance and Blood C h o le s te ro l.

Glucose to le ra n c e  and blood c h o le s te ro l were es tim ated  on 
th e  4 th  day.

4 th  day o f i l ln e s s :  157 mgms. per 100 c.cm s. o f b lo o d .

3 .  N o te .
The es tim atio n s  show no d ep artu re  from  norm al w ith  re g a rd  

to  b lood  sugar, g lucose to le ra n c e  and b lood c h o le s te r o l.

Glucose To lerance

4 th  day o f i l ln e s s :  30 gram s, g lu c o s e .

97 163 120 95 100 100
G lyco su ria  absent du ring  t e s t .

Biood C h o ie s te ro l.

(C h a rt 93)



CASE 44..
F . A lla n  .................
A dm itted  . . . . . . . .
Day o f I l ln e s s  . .
D ism issed  ............
C la s s i f ic a t io n  . .
T h ro at Swab ..........
A n t ito x in  . . . . . . .
Jo u rn a l R eference

Age 7 years. 
12:6:33. 
N in th .
6:9:33. 
S evere . 
P o s it iv e .  
24 ,0 00  u n its  
Ward 2 E a s t.

1 .  H is to r y .

The p a t ie n t  m s ad m itted  on the 9 th  day o f i l ln e s s .
24 ,0 00  u n its  o f a n t i to x in  had "been a d m in is te re d  in tram uscu­
l a r l y  on th e  3rd  day o f i l ln e s s .  There was no exudate on 
th e  th ro a t  on adm ission, h u t th e  t o n s i ls ,  p e r i t o n s i l l a r  
t is s u e s  and th e  s o f t  p a la te  were in flam ed  and oedematous.

The fa c e  v/as p a le  and eyanosed. On adm ission th e  
tem p era tu re  was 980F and th e  pu lse  r a te  100 , The h e a rt  
sounds were s o ft  and d is ta n t ,  hoth th e  f i r s t  and second 
sounds hav ing  a m u ffle d  q u a l i t y .  The p u lse  was r a p id ,  
r e g u la r ,  in creas ed  in n fo re e , and r a is e d  in  te n s io n . The 
u r in e  co n ta in ed  albumen, acetone and d ia c e t ic  a c id .

N asal speech was observed on th e  11 th  day o f i l ln e s s ,  
and on the 13 th  day complete p a la t a l  p a ra ly s is  w ith  re g u r ­
g i t a t io n  o f f lu id s  developed. The p u lse  r a te  rem ained  
in  th e  v i c i n i t y  o f 100 beats  per m inute and was re g u la r  
u n t i l  th e  20th  day o f i l ln e s s  when a marked a rrh y th m ia  
developed . R e d u p lic a tio n  o f th e  f i r s t  c a rd ia c  sound w ith  
t y p ic a l  g a llo p  rhythm was p re sen t and prem ature beats  a p ­
peared  in  abundance. On the 22nd day th e  l i v e r  was en­
la rg e d  and ten d er on p a lp a t io n . A lb u m in u ria  was not ob­
served a f t e r  th e  19th  day o f i l ln e s s ,  b u t acetone and d i -  
a c e t ie  a c id  were s t i l l  p re s e n t. On th e  23rd  and 24 th  days 
o f i l ln e s s  vo m itin g  occurred , in  a l l  on th re e  occasions, b u t  
was not troublesom e th e r e a f te r .

On the  26th  day the symptoms had abated and the  g e n e ra l 
c o n d it io n  was much improved. The h e a r tTs a c t io n  though  
now re g u la r  in  r a te  and rhythm T was s t i l l  r a p id , and n a s a l



speech and re g u r g ita t io n  were troub lesom e.

R e g u rg ita t io n  o f f lu id s  p e rs is te d  u n t i l  th e  3 4 th  day. 
The u r in e  was c le a r  on th e  3 8 th  day and speech was g r e a t ly  
im proved by th e  43 rd  day. The p u lse  r a te  had g ra d u a lly  
f a l l e n  to  norm al, and the  p u lse  was now re g u la r  in  r a te  
and rhythm  and o f moderate volume and te n s io n . Speech 
was norm al on th e  48 th  day. The fu r th e r  progress was 
w ith o u t event and the  p a t ie n t  was dism issed w e l l  on th e  
9 5 th  day.

2 . Glucose To lerance and Blood C h o le s te ro l.

Glucose to le ra n c e  and b lood  c h o le s te re l were in v e s t i ­
g a te d  (1 )  when p a la t a l  p a ra ly s is  developed, (2 )  d u rin g  
th e  s tag e  o f c a rd ia c  a rrh yth m ia  and h e p a tic  co n g es tio n ,
(3 )  when th e  symptoms were a b a tin g , and (4 )  a f t e r  re c o v e ry .

Glucose T o le ra n c e .

(1 )  1 4 th  day o f i l ln e s s :  30 grams g lu co se .

78 207 139 107 113 110 (C h a rt 9 4 )
G lyc o s u ria  developed d u rin g  t e s t .

( 2 )  22nd day o f i l ln e s s :  30 grams g lu co s e .

64 193 c lo t te d  116 100 94 (C h a rt 9 5 )
G lyc o su ria  developed d u rin g  t e s t .

(3 )  3 0 th  day o f i l ln e s s :  30 grams g lucose .

73 169 95 100 104 97 (C h a rt 9 6 )
G lyco su ria  absent d u rin g  t e s t .

(4 )  80 th  day o f i l ln e s s :  30 grains g lu co se ,

84 150 163 87 90 90 (C h a rt 97)
G ly c o su ria  absent d u rin g  t e s t .

Blood C h o le s te ro l.

( 1 )  1 4 th  day o f i l ln e s s ,  231 mgms. per 100 c.cm s. b lo o d .
(2 )  22nd day o f i l ln e s s ,  287 -  IT " 100 u n
(3 )  3 0 th  day o f i l ln e s s ,  233 ri 11 100 " ”
( 4 )  80 th  day o f i l ln e s s ,  152 n n 100 ” n



3. Rote.
The case was n o t s tu d ied  d u rin g  th e  a c u te  s ta g e . When 

p a la t a l  p a ra ly s is  developed, a g lucose to le ra n c e  te s t  
showed d e la y  in  s to rag e  and a p o in t o f maximum c o n c e n tra ­
t io n  above th e  r e n a l th re s h o ld  w ith  e x c re tio n  o f sugar 
in  the  u r in e . An alm ost s im ila r  s ta te  o f a f f a i r s  e x is te d  
when c a rd ia c  arrh yth m ia  supervened, and th e  fa s t in g  b lood  
showed a d e f in i t e  degree o f hypoglycaem ia. When th e
symptoms were a b a tin g  th e  glucose to le ra n c e  te s t  d i f fe r e d  
o n ly  in  degree, g ly c o s u ria  b e in g  absent on th is  o ccas io n . 
T h e ''u r in e , th roug hou t, conta ined acetone and d ia c e t ic  a c id  
and th e  b lood  c h o le s te ro l was abno rm ally  h ig h .

On th e  8 0 th  day the p a t ie n t*s  c o n d it io n  was e n t i r e ly  
s a t is fa c to r y  and a fu r th e r  g lucose to le ra n c e  te s t  was 
n o rm al. The b lood  c h o le s te ro l as compared w ith  p rev io u s  
va lues  showed a sharp d im in u tio n .
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Case 45

A. B rad fo rd  ..........
A dm itted  . . . . . . . .
Bay o f I l ln e s s  . .
Dismissed ............
C la s s i f ic a t io n  . .
Throat swab ..........
A n t ito x in  ..............
Journal Reference

P o s it iv e .

Ward 2 East

1 4 ;6 ;33  
F i f t h .  
2 0 :9 :3 3  
S evere .

Age 6 years

1. History.
The tonsils were markedly enlarged and infiltration of 

the peritonsillar tissues and palate was present. The 
right tonsil was extensively patched with dirty yellowish 
grey membrane which had spread across the right palatal 
arch to invest the uvula. Foetor oris was intense. The 
tonsillar glands were slightly enlarged.

The complexion was pale and an ashen cyanotic tint 
was present. The heart sounds were soft and muffled.
The pulse was rapid and regular, of small volume and low 
tension. The urine contained albumen, acetone and di­
acetic acid.

The temp era tune was normal on the 8 th day of illness, 
but the pulse was still of poor quality, irregular and 
slightly increased in rate. The urine was clear of ace­
tone and diacetic acid on the 11th day of illness. On the 
14th day complete palatal paralysis and regurgitation were present. The pulse was again rapid and irregular. The 
left border of cardiac dullness extended i u beyond the 
nipple. The liver was enlarged and palpable 1” below 
the costal margin. Vomiting became troublesome on the 
16th day and acetone and diacetic acid were again present 
in the urine. Vomiting persisted until the 27th day, when 
the pulse rate was more regular, though still rapid. The 
urine was now free of acetone and diacetic acid. The urine 
was finally clear of albumen on the 35th day. The pulse
was regular in rate and rhythm, and of improved quality, on 
the 47th day. Regurgitation remained until the 30th day, 
but normal speech was not resumed ̂ until the 68yh day. There­
after progress was satisfactory,' if slow, and the patient 
was dismissed on the 103rd day of illness.



2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and Blood cholesterol were estimated 

(1) during the toxic stage, (2) during the stage of card­
iac involvement and paralysis, and (3) after recovery.

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

75 213 clotted 169 143 136 (Chart 98)
Glycosuria, developed during test.

(2) 15th day of illness: 3p grams glucose.
93 168 143 118 107 110 (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) 6 th day of illness, 136 mgms. per 100 c.cms. blood.
(2) 15 th day of illness, 168 IT ii 100 " ii

(3) 45th day of illness, 183 IT IT 100 TI ii

5. Note.
The initial blood sugar curve revealed a low valjte for 

the fasting blood sugar, a definite delay in the fall of the 
curve, a high maximum concentration and glycosuria. The 
blood cholesterol was abnormally low. ICetone bodies were 
present in the urine. During the stage of paralysis and 
cardiac involvement the lag in the blood sugar curve was 
still present, but glycosuria was absent and the fasting 
blood sugar was normal. The concentration of .blood chol­
esterol was normal at this stage. Two days later hetosis 
with vomiting supervened. A further glucose tolerance test 
carried out after the subsidence of the acute symptoms showed 
a low fasting blood sugar and a slight delay. Glycosuria 
was absent.



CASE-4:6.

A , S m ith ..................
A dm itted  .................
Day o f  I l ln e s s  . .  
Dism issed . . . . . . .
C la s s i f ic a t io n  . .
Th ro at Swab ..........
A n t ito x in    ..........
Jo u rn a l R eference

Age 18 y e a rs . 
6 :7 :3 3 ,
T h ird .
1 1 :8 :3 3 .
M i ld . 
P o s it iv e .  
1 2 ,000  u n its .  
Ward 2 E h st.

1 .  H is to r y .

Both to n s i ls  were en larg ed  and on each f i lm y  y e llo w is h -  
w h ite  membrane was p re s e n t. The s o f t  p a la te  was s l ig h t l y  
in fla m e d  and th e  b re a th  was f o u l .  There was no g la n d u la r  
en largem ent. On adm ission th e  tem perature  was 1 0 0 .69F and 
th e  p u lse  r a te  1 0 8 . The p u lse  was r e g u la r  in  r a te  and 
rhythm , f u l l  and bounding. The h e a r t  sounds were norm al 
in  rhythm  and f o r c e fu l  b u t s l ig h t ly  m u ffle d . The u r in e  
was c le a r .  12 ,0 0 0  u n its  o f a n t i to x in  were in je c te d  i n t r a ­
m u s c u la rly .

The tem perature and pu lse  r a te  were norm al on th e  6 th  
day and th e  th ro a t  was f r e e  o f exudate and in fla m m a tio n  on 
th e  9 th  day. The fu r th e r  progress was s a t is fa c to r y  and the  
p a t ie n t  was d ism issed w e l l  on th e  3 8 th  day.

2 . Glucose Tolex^ance and Blood C h o le s te ro l.

Glucose to le ra n c e  and blood c h o le s te ro l were es tim a­
te d  (1 )  d u rin g  th e  acute s ta g e , and (2 )  a f t e r  re c o v e ry .

(1 )  5 th  day o f i l ln e s s :  50 grams g lu co se .

106 165 120 108 103 105 (C h a rt 101 )
G lyco su ria  absent d u rin g  t e s t .

( 2 )  3 4 th  day o f i l ln e s s :  50 grains g lu co s e .

93 159 131 99 « 102 95 (C h art 102 )
G lyco su ria  absent du ring  t e s t .

Glucose To leran ce



Blood C h o le s te ro l,

( 1 )  5 th  day o f i l ln e s s ,  175 mgms, per 100 c.cm s, b lo o d ,
(2 )  3 4 th  day o f  i l ln e s s ,  182 n ” 100 TT "

3 .  B o te .

The case was one o f m ild  f a u c ia l  d ip h th e r ia  in  an a d u lt ,  
ho d e p a rtu re  from  norm al was p re s en t in  g lucose to le ra n c e ,  
b lood  sugar, o r b lood  c h o le s te r o l.
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Case 47.
D. Smith  ....  Age 7 years.
Admitted .............  16:8:33.
Day of Illness  ...... First.
Dismissed ............  16:9:33.
Classification .......  Mild.
Throat swab ..........  Positive.
Antitoxin ............  4,000 units.
Journal Reference ....  Ward' 1 East.

1. History.
The tonsils were enlarged and follicular exudate was 

present in es,ch. Foetor oris and glandular enlargement 
were absent. On admission the temperature was 102.2°F. 
and the pulse rate 110. The pulse was regular in rate 
and rhythm, of full volume and high tension. The heart 
sounds were forceful and the second aortic sound was accen­
tuated. The urine contained acetone and diacetic acid.
The throat swab was positive and 4,000 units of antitoxin 
were injected intramuscularly. The urine was clear on 
the 4-th day and the throat was normal by the 7th day. The 
patient was dismissed well on the 31st 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) 2nd day of illness: 30 grams, glucose.
113 185 153 126 120 120 (Chart 103)

Glycosuria absent during test.
(2) 18th day of illness: 30 grams, glucose.

87 150 103 82 90 93 (Chart 104)
Glycosuria, absent during test.
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Blood Cholesterol.
(1) 2nd day of illness, 123 mgms. per 100 c.cms. "blood.
(2) 18th day of illness, 169 11 " 100 n "

3. Note.
During the acute stage of the illness the glucose tol 

erance test showed a fasting hyperglyeaemia, a maximum 
concentration "beyond the renal threshold and a marked 
delay in storage. The "blood cholesterol was abnormally 
decreased. When the toxaemia had subsided the "blood 
cholesterol, glucose tolerance and fasting "blood sugar 
were normal.

i



CASS ̂48 •
J . McVey  ............ ..............Age 10 y e a rs .
A dm itted  .............................  1 2 :9 :3 3 .
Day o f I l ln e s s  ............ .. F i f t h .
D i e d ................... .. 1 4 :9 :3 3 .
C la s s i f ic a t io n  ............... S evere .
T hroat Swab .....................  P o s it iv e .
A n t ito x in   ...................  6 0 ,000  u n its .
Jo u rn a l R eference . . . .  Ward 2 E a s t.

1 . H is to r y .
r

The to n s i ls ,  p e r i t o n s i l la r  tis s u e s  and s o f t  p a la te  were 
c o n s id e ra b ly  en larged w ith  oedema, th e  combined s w e llin g  
completely b lo c k in g  th e  pharynx from  v ie w . The g r e a t ly  
s w o lle n  p a rts  were t h ic k ly  p la s te re d  w ith  tough, adherent 
g re y is h -fe la c k  membrane. The b re a th  was f o e t id  and th e  
t o n s i l l a r  subm axim ally and s u b lin g u a l g lands form ed la rg e  
p a in f u l  s w e llin g s  around th e  neck. A s e ro -p u ru le n t  
rh in o rrh o e a  exuded from  the n o s t r i l s .  The com plexion had 
a dusky cy an o tic  hye, and th e re  were numerous s m a ll p u r ­
p u r ic  spots s c a tte re d  over th e  neck and th e  upper p a r t  o f 
th e  c h e s t. On adm ission th e  tem p era tu re  was 99°F and th e  
p u ls e  r a te  1 0 8 . The p u lse  was re g u la r  in  r a te  and rhythm , 
and th re a d y . The h e a rt  sounds were f a i n t  and d is ta n t ,  the  
f i r s t  sound be in g  shortened . Acetone and d ia c e t ic  a c id  
w ere p resen t in  th e  u r in e . 4 0 ,0 0 0  u n its  o f a n t i to x in  were 
in je c te d  in tra m u s c u la r ly  and 2 0 ,0 0 0  u n its  in tra v e n o u s ly .

On the 6 th  day o f i l ln e s s  th e  tem perature was subnormal 
and th e  c a rd ia c  rhythm  i r r e g u la r .  G a llop  rhythm , c o u p lin g  
o f the  b e a ts , loss o f a c c e n tu a tio n  o f the  second sound a t  
th e  base and a ru n n in g  pu lse  spoke to  th e  f a i l i n g  s ta te  o f 
th e  c i r c u la t io n .  On th e  7 th  day th e  l i v e r  was p a lp ab le  
below  th e  c o s ta l m argin and vo m itin g  o f brown f l u i d  occurred  
on s e v e ra l occasions. Acetone and d ia c e t ic  a c id  were 
p re s e n t in  th e  u r in e  th roug hou t.

The p a t ie n t  g ra d u a lly  became worse and d ie d  o f ca rd iac  
f a i l u r e  on th e  7 th  day.



2 . Glucose T o le ran ce  and Blood C h o le s te ro l.

Glucose to le ra n c e  and b lood  c h o le s te ro l were in v e s t i ­
g a te d  on th e  6 th  day.

Glucose T o le ra n c e .

6 th  day o f  i l ln e s s ;  30 grams g lu c o se .

70 193 161 147 113 122 (C h a rt 1 0 5 )
G lyc o su ria  developed du ring  t e s t .

Blood C h o le s te ro l.

6 th  day o f i l l n e s s ,   293 mgms. p er 100 c.cm s. b lo o d .

3 .  h o te .

The case was one o f severe f a u c ia l  d ip h th e r ia  te rm in a t ­
in g  by c a rd ia c  f a i l u r e  on th e  7 th  d ay . C ard iac  f a i l u r e  
w ith  h e p a tic  congestion  and k e to s is  were th e  main fe a tu re s  
o f th e  case c l i n i c a l l y .  The b lood  sugar curve showed a 
marked fa s t in g  hypoglycaem ia, a p o in t  o f maximum concen­
t r a t io n  r e s u lt in g  in  g ly c o s u ria  and a d e f in i t e  f a i l u r e  to  
a s s im ila te  th e  excess o f sugar from  th e  b lo o d . The b lo o d  
c h o le s te ro l was abnorm ally  h ig h .



CASE 49

J . S c u l l o n ............
A dm itted .................
Day o f  I l ln e s s  . .
D ism issed ..............
C la s s i f ic a t io n  . ,
Throat Swab ..........
A n t ito x in  ..............
J o u rn a l R eference

Age 10 years.25:9:33.
Second.29:10;33. 
S evere . 
P o s it iv e .  
4 0 ,0 0 0  u n i ts .  
Ward 1 Shst.

1 . H is to r y .

The to n s i ls ,  s o f t  p a la te  and uvula  were o&Iematous and 
th ic k  adherent y e llo w is h -w h ite  membrane e x te n s iv e ly  cov­
ered th e  p a r ts .  O ra l fo e to r  was pronounced and b o th  
t o n s i l l a r  glands were en larged .

On adm ission th e  tem perature  was 1 0 0 .8°F and th e  p u lse  
r a t e  1 2 8 . The pu lse  was re g u la r  in  r a te  and rhythm  and 
ru n n in g  in  c h a ra c te r . The card iac  sounds were s u r p r is ­
in g ly  fo r c e fu l ,  though s o f t  and d is ta n t ,  and th e  second 
sound had a booming q u a l i t y .  The fa c e  was f lu s h e d  and a 
t in g e  o f l i v i d i t y  was p re s e n t. The u r in e  co n ta in ed  ace­
tone and d ia c e t ic  a c id . 20 ,000  u n its  o f a n t i to x in  were 
ad m in is te red  in tra m u s c u la r ly  and on th e  fo llo w in g  day a 
fu r th e r  in tram u s cu la r in je c t io n  o f 20 ,000  u n its  was g iv e n .

The tem perature  and th e  puJ.se r a te  were norm al on th e  
4 th  day o f i l ln e s s ,  th e  u r in e  was c le a r  on the  6 th , and 
membrane disappeared from  th e  th ro a t  on th e  7 th  day. The 
fu r th e r  progress was u n ev e n tfu l and th e  p a t ie n t  was d ism iss ­
ed w e l l  on the 38 th  day.

2 . G-lucose To lerance and Blood C h o le s te ro l.

Glucose to le ra n c e  and b lood c h o le s te ro l were in v e s t i ­
gated  (10 during  the to x ic  s tag e , and (2 )  a f t e r  re c o v e ry .



Glucose T o le ra n c e .

(1 )  3 rd  day o f  i l ln e s s :  30 grams g lu co se .

123 189 155 147 139 131 (C h a rt 1 0 6 )
G ly c o s u ria  developed d u rin g  t e s t .

(2 )  14th  day o f  i l ln e s s :  30 grams g lu c o s e .

97 174 136 100 102 98 (C h a rt 1 0 7 )
G lyc o su ria  absent d u rin g  t e s t .

Blood C h o le s te ro l.

(1 )  3 rd  day o f  i l ln e s s ,  101 mgms. per 100 c.cm s. b lo o d .
(2 )  14 th  day o f  i l ln e s s ,  158 " ,T 100 " «

3 .  D o te .

D uring the  to x ic  stage th e  b lood sugar curve  showed a 
fa s t in g  hyperg lycaem ia , delayed a s s im ila t io n  o f excess 
sugar and a r is e  above th e  r e n a l th re s h o ld  a t  th e  30 m in­
u te  in t e r v a l ,  a s s o c ia ted  vrith  e x c re tio n  o f sugar in  th e  
u r in e .  Ketone bodies were p res en t in  th e  u r in e .  The 
b lo o d  c h o le s te ro l was abnorm ally  decreased in  amount.
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Case 50.
R. little ........... . Age 13. years.
Admitted .............  2:10:33,
Day of Illness .......  First.
Dismissed ........... . 15:11:33.
Classification .......  Severe.
Throat swab ..........  Positive.
Antitoxin ............  52,000 units.
Journal Reference ....  Wa±d 1 East.

1. History.
The patient was admitted to hospital on the first day 

of illness. Both tonsils, the soft palate and the uvula 
were covered with thick yellowish-white membrane. Oral 
foetor was intense and both tonsillar glands were enlarged.

The pulse rate was 100 and the temperature 99.8°F. The 
throat swab was positive and 32,000 units were given intra­
muscularly.

Acetone and diacetic acid were present in the urine 
during the first 4 days; the throat was clear on the 6th 
day. ho complications developed during this period, but 
on the loth day an irregularity in the pulse rate with 
tachycardia was present. This continued till the 23rd 
day of illness, but no further estimations were carried out. 
The patient was dismissed well on the 45th day.

2. Glucose Tolerance and Blood Cholesterol.
Glucose tolerance and blood cholesterol were estimated 

on the 2nd and 6th days of illness.
Glucose Tolerance.

(1) 2nd day of illness : 30 grams, glucose.
93 168 150 135 clotted 104 (Chart 108)

Glycosuria absent during test.



( 2 )  6 th  day o f^ i l ln e s s :  30 grams g lu c o s e .

96 163 146 122 93 98 (C h a rt 109)
G lyco su ria  .absent d u rin g  t e s t .

Blood C h o le s te ro l.

(1 )  2nd day o f i l ln e s s ,  109 mgms. per 100 c.cm s. "blood.
(2 )  6 th  day o f i l ln e s s ,  124 11 " 100 11 "

5 .  h o te .

The case was one o f severe  d ip h th e r ia ,  ad m itted  to  
h o s p ita l  on th e  f i r s t  day of i l ln e s s .  A g lucose to le ra n c e  
t e s t  c a r r ie d  out on th e  second day showed a norm al fa s t in g  
g lycaem ia , and a d e f in i t e  i f  s l ig h t  d e la y  in  th e  f a l l  o f  
th e  c u rv e . G lyco su ria  was absent throughout th e  t e s t .
The b lood  c h o le s te ro l was abno rm ally  lo w . An alm ost 
s im ila r  s ta te  o f a f f a i r s  was p resen t on th e  6 th  'day. ho 
es tim a tio n s  a re  a v a i la b le  beyond th is  s ta g e .



. C H A P T E R  VII

Summary o f R e s u lts .



SUMMARY OF RESULTS.

Fifty cases of diphtheria were investigated.- These 
were graded, according to the severity of the intoxication, 
as mild, moderately severe, and severe. The mild and 
moderately severe groups were comprised of sixteen cases^^ 
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 advent 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 earlier observations 
in each case. Though this was the procedure adopted in 
the majority of instances, the following constitute depar­
tures from it:

V•Glucose tolerance 'was investigated in Cases 4 and 28 
during the toxic stage only, the condition of the patients, 
later in the illness, being such as to render unjustifiable 
the disturbance occasioned by the administration of glucose 
and the frequent withdrawal of blood specimens. Estimations 
during the early stages were not possible in Case 44, as 
the patient was admitted fo hospital eight days after having



received antitoxin and was not, therefore, suffering 
from the acute effects of toxaemia. Case 50 was not 
investigated during convalescence.

Blood S ugar.

Of the forty-nine cases investigated during the toxic 
stage, thirty-four revealed abnormalities in the fasting 
blood sugar concentration. Hyperglycaemia was present 
in twenty-four cases, whilst hypoglycaemia occurred in ten. 
An important observation made was the greater frequency 
of the association of hyperglycaemia with the mild and 
moderate type of case, and of hypoglycaemia with the severe 
form. Thus in the mild group consisting of sixteen cases, 
hyperglycs.ernia was present in eight (Cases 8, 18, 22, 24,
27, 29, 37, 47) whilst hypoglycaemia occurred in one only 
(Case 23). In the moderate group there was a greater inci­
dence of abnormality, twelve of the sixteen cases revealing 
unusually high or low blood sugar values . Hyperglycaemia 
was present in eleven (Cases 10, 13, 14, 20, 30, 31, 32, 33, 
35, 40, 42) hypoglycaemia again occurring in one only 
(Case 5). Of the eighteen severe cases investigated, 
thirteen were abnormal in respect of blood sugar, but hypo-



glycaemia now showed the greater frequency, being present 
in eight (Cases 3, 11, 15, 19, 21, 28, 45, 48) hy^er'gly- 
caemia occurring in the remaining five (Cases 4-, 6, 9, 41, 
49). It may be argued that the duration of the illness, 
prior to making these determinations , accounts for the 
fact that hyperglycaemia tends to be associated with the 
less severe and hypoglycaemia with the more severe forms 
of the disease. " Diphtheria, however, is an acute dis­
ease, generally with a 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 tolerance. The decrease, in this instance, 
would seem to parallel more closely the severity of the 
case. Thus it occurred in five of th.e sixteen mild cases 
(Cases 8, 16, 22, 23, 4-7), thirteen of the sixteen moder­
ately severe cases (Cases 1, 2, 5, 10, 13, 14, 20, 25, 31, 
32, 33, 40, 42), and all of the seventeen severe cases 
investigated. The extent of_the decrease in glucose



tolerance also points to the t-endency of the defect to 
increase with the.degree of toxaemia. In this respect 
the occurrence of glycosuria is assumed to indicate a 
greater inability to utilise or store ingested carbohydrate 
in the usual way, provided that such an inability is assoc­
iated with an abnormally high blood sugar concentration. 
Glycosuria is notably absent from the cases constituting 
the mild group. In the moderate group six of the cases 
in which decreased sugar tolerance was present showed an 
abnormally high maximum concentration of blood sugar, the 
tests being accompanied by glycosuria. In the severe 
group, however, high maximum concentrations with glycosuria, 
were even more obtrusive accompaniments of the tolerance 
tests, since these departures from normal occurred in all 
of the cases in which' tolerance for glucose was decreased.

Type of Blood Sugar Curve.
Excluding 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 follow the same general tendency, namely an 
abnormally slow decline in falling to the fasting blood sugar



210.

level. Such a curve is appropriately referred to as a 
"lag curve”, a term which has heen applied to it by most 
observers. The tendency for the blood sugar concentration 
progressively to rise after the administration of glucose, 
as so characteristically happens in the diabetic, is con­
spicuously absent 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 abnormally high blood choles­
terol values. It would appear that hypocholesterolaemia 
is a frequent accompaniment of diphtheritic toxaemia. That 
is incidence would also appear to increase with the sever-
f*;4»*

ity of the intoxication is a fair inference, since of five 
mild, nine moderate and thirteen severe cases in which the 
blood cholesterol was abnormal, hypocholesterolaemia occur­
red respectively in four (Cases 8, 24, 37, and 47), seven 
(Cases 1„ 5, IQ, 3Q, 31, 35, and 4Q) aqd ten (Cases 4, 6, 9, 
15, 26, 39, 41, 45, 49, 50).
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Complicat ppns .
Ho 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, 
tachycardia was a prominent symptom from the outset, and 
on the tenth day arrhythmia developed. Vomiting and 
ketosis were troublesome features of the case, in which 
evidence of myocardial damage was also present.

Case 32 progressed satisfactorily until the twenty- 
seventh day of illness, when an irregularity of cardiac 
rhythm and tachycardia developed. Passive congestion of 
the liver, vomiting and ketosis were also present.

The results obtained in both of these cases were 
identical, decreased sugar tolerance, low blood sugar and 
high blood cholesterol constituting the abnormalities 
found. The ihhird case (Case 42) was complicated by the 
development of serum sickness on the seventh day. Decreased 
sugar tolerance was again in evidence, and the fasting blood 
sugar reached the abnormally low figure of 65 mgns. per 
cent. The blood cholesterol in this case was, h o w e v e r ,



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 the only abnormality present in Case 26. 
Cardiac involvement was present alone in four cases (Cases 
3, 19, 34, 41) while in four cases also (Cases 9, 15, 44, 
45) paralysis and cardiac involvement were present to­
gether.

Three cases were normal in respect of blood sugar 
concentration; the remaining six (Cases 3, 19, 26, 34, 41, 
44) revealing a more or less marked hypoglycaemia. De­
creased sugar tolerance was present in all of the compli­
cations 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 sequelae. Whether or not this later 
deficiency was a progressive development from the outset
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or merely a. recurrence of the defect which had subsided 
with the initial toxaemia, is unfortunately not ascertain­
able from the results of the investigation.

Only two of the complicated cases developed glyco­
suria during the tests for glucose tolerance. In both 
instances 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.

Fatal 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
ations v t e r e  made with the following results: In Cases 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 
made at the same time revealed marked degrees of hypo- 
glycaemia and hypercholesterolaemia.



Ketosis.
(1) ■Peters has shown how profound the condition of 

Ketosis can he in diphtheria, persistent vomiting often 
occurring in the absence of suitable treatment in the more 
severe forms of the disease.

Ketone bodies are invariably present in the urine, 
during the toxic stage. In the milder cases they are 
usually slight and transient, but in the more severe forms 
they are present in more marked degree and are of a more 
X^ersistaat nature.

Not only are ketone bodies present in the urine during 
the. toxic stage but they tend to occur in those cases which 
develop complications during the illness.. Vomiting is a 
troublesome and often grave symptom of the prolonged dis­
ease and is frequently seen in cardiac cases associated
with hypotension. In this connection it is interesting to(2)
note the observation of J.Ioor, w h o  investigated the blood 
pressure in cases of diphtheria, and found, in the more severe 
forms, a tendency for the blood pressure progressively to 
fall after the third day of illness. If the fall continued 
until the pressure was only 80 m.rn. he found that vomiting 
invariably set in. Moor regards- "cardiacTf vomiting as a



means of increasing the cerebral circulation by compression 
of the abdominal vessels. He has observed such vomiting 
to ra.ise the blood pressure by 62-68 m.m.

Cardiac vomiting usually 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 
may then be due merely to toxaemia, to serum sickness, or 
±o grave cardiac involvement. V/hether due to the last 
mentioned or to the ketosis occasioned by the toxaemia,, 
vomiting introduces a vicious circle causing a lack of 
nourishment, the starvation which results bringing about 
ketosis or aggravating it if, already, it exists. It seems 
a fair inference that in the majority of cases in which 
ketosis exists without vomiting the initial factor in deter­
mining its onset is the toxaemia. Ketosis, so arising, 
will be seen, naturally, during the toxic stages. later 
in the disease the cardiac condition and hypotension may 
be the means by which ketosis then reasserts itself.

With regard to the investigation in hand, ketosis was 
found to be an almost invariable accompaniment of all cases 
of diphtheria during the toxic stage. Ketosis and vomiting



however, were only observed in connection with the compli­
cated and fatal 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 ketosis and vomiting were manifest. That ketosis 
may exist apart from vomiting in the complicated cases is 
evidenced by the fact that it so occurred in Cases 19, 26 
and 41. As in the great majority of cases during the 
toxic stage the occurrence of ketosis without vomiting 
suggests that the former has a basis in some other defect 
than vomiting - that the ketosis, in fact, precedes the 
vomiting. It would appear as if the failure of the power 
to utilise the blood sugar initiated the ketosis and that a
vicious circle supervened causing the symptoms-complex to

(3)
persist. Cammidge has pointed out that change in the 
acid-base equilibrium of the systemic circulation may re­
sult in hyperglycaemia and glycosuria. It is believed, 
however, that these effects of acidosis are only pronounced 
if there are associated defects of carbohydrate metabolism.

Ketosis and vomiting occurred in all of the fatal eases 
and became more pronounced as these eases progressively 
deteriorated. In all cases in which evidence of ketosis



was present the glucose tolerance tests revealed some 
interference with carbohydrate storage or utilization. This 
may be the source from which the disorders arise.

/

Duration of Abnormal Findings .
The determinations carried out during convalescence 

indicate a complete return to normality at this stage of 
the illness. The defects recorded would, therefore, 
appear to be the results of toxaemia and when this has 
passed a return to normal is usual. The persistence of 
the defects noted by other workers has not been confirmed.
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C H A P T E R  VIII.

D iscu ss io n .



DISCUSSION.

The' evidence presented in this thesis, though 
limited in extent, sets forth certain definite findings 
with regard to metabolic activity during the course of 
diphtheritic intoxication. .It has been shown that 
during the toxic stage the fasting blood sugar tends to 
be high in mild and moderate 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 normal level but if complications should manifest 
themselves and the disease be, therefore, more prolonged, 
the blood sugar concentration becomes lowered. This 
occurred, irrespective of whether high or low blood sugar 
obtained during the toxic stage, and was most marked just 
prior to death in those eases where the disease progressed 
to a fatal termination.

Evidence has also been produced that, side by side 
with these variations in the blood sugar concentration, 
there exists in the disease a diminution in glucsse 
tolerance which is reflected in the type of blood sugar 
curve'obtained froia tolerance tests. The characters



exhibited by this type of curve are those of a delayed 
fall or "-lag", frequently associated, in the more severe 
forms of the disease, with a high maximum concentration
and attendant glycosuria.

The blood cholesterol in most cases during the 
toxic stage is abnormally 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 above findings obtained evidence of ketosis was 
invariably present.

The theories offered in explanation of the disorders 
of carbohydrate metabolism have been reviewed in Chapter 
*\\\ , That of thyroid adrenal stimulation by the

toxin gathers to it a certain amount of pathological eon-
(1)viction. Jjosehke (1910) who examined the adrenals of the 

victims of diphtheria found an almost total disappearance 
of lipoids. In the medulla itself he observed an ab­
sence of affinity for chrome salts and a disappearance of

(2)adrenalin. Holtschanoff (1912 ) who examined the 
adrenals of nineteen children who had suffered from diph­
theria, noticed that the adrenals, especially the medulla 
showed definite hyperaemia and frequently extravasations
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of "blood, the degree of vascularity being related more 
to the severity of the disease than to its duration.
In cases fatal within four days, Moltschanoff found an 
increase in the lipoid content. He also observed an 
increase in the number of spongioeytes and in the number 
of cells, generally, which exhibited lipoid formation.
In cases dying between the fourth and sixth days he found, 
in addition, a large number of small cells with spongy 
protoplasm and nuclei poor in chromatin. Ranging between 
these cells and the fully developed spongiocyt.es there 
were many transitional cells. Moltschanoff believed 
that the small cells represented an atrophic state of the 
spongioeytes resulting from increased functional activity. 
In cases dying on the eighth to the tenth day MoItschanoff 
noted the onset of degenerative changes. In the medulla 
he found a diminution or disappearance of the chrome re­
action. Besides taking an active part in the destruction 
of the diphtheria toxin, he considered that in-Hie early 
stages of diphtheria, there is an increased functional 
activity which in severe intoxication passes into a state 
of exhaustion with atrophy of the cellular elements which 
may lead to death. ___
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(3)Hannes (1910), however, could trace no relationship 
"between death in diphtheria and the state of the adrenals. 
Of a total of forty-seven cases investigated, disappear­
ance of chrome reaction occurred in only eight and dimin­
ution in thirteen. In the remaining twenty-six cases

(4)
it was strongly present. dhomas (1910) and Ingier and

(5)
Schmorl (1910) agreed in the main with Eamies that the 
cause of death is not to he found in an exhaustion of 
chromaffin function.

Lawrence and BuchleyTs theory of increased glyco- 
genolysis involves the adrenals in a specific stimulation 
by the toxin. According to this theory, toxaemia causes 
first of all a stimulation of adrenal function and later 
in the disease an exhaustion. Assuming this to he correct, 
stimulation would lead to an increased level for "blood 
sugar and exhaustion would lead to an abnormal depression.
In accordance with this view, the blood sugar would tend 
to he high during the early, and low during the later 
stages of the disease. In the most severe forms of the 
disease the greater degree of toxaemia may determiner an 
early exhaustion of adrenal function and a low blood sugar 
from the outset.
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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 failure to maintain the blood sugar concentration at
its normal level. In this connection it is interesting

(6)
to note that Schwentkner and hod found a marked reduc­
tion,in most eases indeed a complete absence, of hepatic 
and muscle glycogen, during the toxaemia..

In the light of this theory, decreased sugar toler- 
ande is due to the adrenal stimulation antagonising the 
•effective action of insulin. During the course of a 
glucose tolerance test the hypoglycaemia action of insulin 
is, to a greater or less extent, annulled and the blood 
sugar curve manifests an abnormal rise and a delayed fall. 
Lawrence and Buckley’s theory fails to take account of the 
fact that when adrenal exhaustion may be presumed to have 
come about a similar type of blood sugar curve is still 
obtained. The antagonism of the adrenal to insulin action 
being removed, one would naturally expect unrestrained 
action of the latter to exist with consequent speedy re­
moval of the glucose from the blood. This however does 
not occur, the low blood sugar of the more severe or pro­
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longed cases being associated with a type of curve 
similar to that obtained during the early stages of the 
disease.

According to Sweeney’s conception, insulin action 
is annulled bjr the direct effect of the toxin upon the 
islet tissue of the pancreas. Diphtheritic intoxication 
according to this theory would, therefore, appear to 
occasion an acute form of diabetes, more or less severe. 
If this theory could be substantiated, it would throw 
light upon many of the features of the disea.se. In 
particular it would explain the asthenia, and wasting of 
the victim of severe diphtheria, on the. ground that the 
inability to utilise carbohydrate led to incomplete com­
bustion of fat with its attendant ketosis. It would also 
explain why protein was broken down in the disease, a 
fact, the evidence of which has been alluded to elsewhere. 
In view of the cholesterol findings in the present inves­
tigation, such evidence would point, in explanation, to a 
possible rise in the blood fat by mobilisation from the 
fat depots in response to the needs of metabolism.

In the view of the author, however, such a trend of 
events seems unlikely. fhe type of blood sugar curve
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obtained in this investigation, and also by other workers 
in the field, is not conducive to the establishment of 
such a theory. A ,Tlagn curve in diabetic symptomatology,
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 diphtheria, is due to insufficiency or inactivity of
insulin.

ITor does the theory of insulin inhibition offer more
acceptable explanation. One must admit f 10 m the outset
that the essence of toxaemia is involvement of the body
tissues generally. hot only may metabolism be impaired
centrally in the factories of insulin and adrenalin, but 
also peripherally amidst that great public of humble tissue
cells. The charges encountered in the blood sugar and 
glucose tolerance m^y therefore be due merely to action 
of the toxin upon the tissues generally and not to any 
syndrome peculiar to the disease. The liver fciust not be 
left out of the reckoning. Toxin hepatitis may lead to 
a decreased ability to store glucose as glycogen with con­
sequent accumulation of the former in the blood stream, 
following ingestion. ilor must the ability of the tissues
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to oxidise the excess he forgotten. The investigation 
of laevulose tolerance and of the respiratory quotient 
in the subjects of diphtheria seems to the author to he 
indicated before any hard .and fast conclusions can be 
drawn.

The matter is of fundamental importance in the 
therapeutics of the disease. If the view is held that 
diphtheria is complicated by a metabolic syndrome, further 
progress in the treatment of the disease may be ordered 
along these lines. In recent years recognition of the 
latter has led to the institution of glucose-insulin , 
therapy. Though restricted in its scope, this investi­
gation impressed the author with the futility of such a 
procedure, which scarcely seems indicated from this and 
other worh upon the subject. In contrast, if one acknow­
ledges that the metabolic effects are due to the action 
of the toxin upon the tissues generally and that the latter 
suffer the brunt of the attach in equal proportion, one 
naturally concludes that the surest implement with which 
to combat severity in the disease is antitoxin and that 
the most valuable therapeutic measure is to administer it 
early.

,/ith regard to the blood cholesterol, the relatiohship
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of the adrenal cortex to cholesterol metabolism is too
uncertain at the present time to invite prophecy. The
blood cholesterol is known to be decreased in many dls-*
esses due to infection, of which diphtheria is one. Why
this should be must await an explanation. i'Tor does it
seem clear why the blood cholesterol should increase in

( 7 )
the later stages of the complicated disease. As Josephs 
has indicated with regard to protein in diphtheria, it 
is possible that the increase in blood cholesterol may 
be due, also, to toxic destruction of tissue. Those 
eases in which paralysis occurred were significantly 
associated with high cholesterol values in the blood. 
Cholesterol derived from the breakdown of tissue in the 
body is supposed to be retained in the blood and not 
excreted.

With regard to the duration of the abnormal findings, 
the author is at variance with those who suggest that 
the defects observed persist for some time after the 
disease has been recovered from. The effects would seem, 
rather, to be due to toxic .action and to subside when 
the latter has been removed. The persistence of the 
abnormalities in the protracted cases nay be an expression



of the fact that in -these _pases a certain amount of 
toxin has been fixed before the administration of serum. 
In this respect it is noteworthy that it is in the more 
severe eases that complications develop.
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C H A P T E R  IX

Conclusions.



228.

CQHCEHSIOHS .

1. The blood sugar, glucose tolerance, and blood 
cholesterol of clinical cases of diphtheria have been 
invest igated.

2. The 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 moderately severe cases, whereas hypoglycaemia 
showed a greater 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 accompanied, usually, by hypoglycaemia, ir­
respective of whether the blood sugar was high or low 
during the toxic stage.

3. A decrease in the tolerance of diphtheria patients 
for glucose has been noted. The type of blood sugar 
curve obtained in these cases has been defined as a. "lag" 
curve, the characteristic of which is a delay in the fall 
to fasting level after the ingestion of glucose, associated, 
in the more severe type of ca&e, with a high maximum con-



eentration and glycosuria. The occurrence of glyco­
suria indicates that the extent of the decrease in 
glucose tolerance is greatest in the severe cases.

4. In protracted cases in which complications develop­
ed, evidence of decreased sugar tolerance has been ob­
tained. Judged by the incidence of glycosuria, the 
extent of the decrease during this stage would appear to 
be less than during the period of initial toxaemia. It 
has not been possible to ascertain whether this is a 
persistence of the similar defect observed during the 
toxic stage, or whether it represents a recurrence of
the abnormality.

5. A tendency for the blood cholesterol to be low dur­
ing the toxic stage of diphtheria has been noted. Dur­
ing the stage of complications, however,-the blood choles­
terol has been found to undergo an abnormal increase.

6. The frequency of netosis in diphtheria has been 
alluded to; its relationship to the metabolic disorders 
has been briefly discussed.

7. The results obtained after clinical recovery suggest



that the condition of disordered metabolism met with 
in diphtheria passes off with, and is therefore directly 
due to, the intoxication. No persistence of the defect 
was noted during convalescence.

8 . The view is expressed that the. disorders met with 
ere due to the action of the toxin upon the body tissues 
generally and that no existing theory of a metabolic 
syndrome can be substantiated.

9. lossible lines along which further investigation 
may be curried on have been suggested, and the thera­
peutic inference has been made that antitoxin administered 
early in the disease is a more certain measure with which 
to combat severity than glucose insulin therapy, if the 
former procedure is neglected.

10. The literature of the experimental aspect of the 
subject has been reviewed. * ■
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