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PREFACE

This work was carried out in the Medieal Wards of the
Royal Hospital for Sick Children, Glasgow and before sub-
mitting this thesis it is my very pleasant task to acknow-
ledge my indebtedness to Professor Leonard Findlsy at whose
suggestion this investigation was begun and under whose
help and guidance it was carried out. I offer to him my
most sincere thanks. To Dr. M.Morris, of the Bilochemieal
- Department., I also owe a debt of gratitude for his eneour-
sgemert and the help received regarding the technicsl side
of the work.

The investigations were carried out during the tenures

of the Muirhead and the McCunn Medicsl Research Scholarships.
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Introdnct-ion._

It has long been known that disturbance in carbohydrate
metabolism frequently leads to an appearance of ketone bodies
in the urine. Phis has usually been associated with a
faulty intermediate oxidation of fats and 'ketosig?!, indeed,
is taken as denoting an appearance of’ abnorual fatf:.-y acids
in the blood. In the domain of disease in infancy and
childhood there is frequently met the condition of acetonuria,
until recently, wrongly considered pathognombﬁic .0f acidosis.
Phis eondition of acetonuria, or better, ketosis, has been
attributed to a defect in carbohydrate metabolism, or as
Shaffeg )ha.s put it “carbohydrate starvation™, and has been
treated by sdministration of glucose. During the course
of an investigation into the phenomena of ketosis in child-
hood, it was found that there was a definite disturbance in
carbohydrate metabolism, suggesting that the symptoms and
biochemical manifestations associated with ketosis may be
the result of a primary upset in the intermediate metabolism
of fat, with thé carbohydrate disturbance as & secondary

ocecurrence.

Phe work detailed in the present thesis was undertaken
. with the view of throwing more light on this problem. Early
in the course of this investigation it was found that

glycosuria was frequently manifest in conditions of ketosis

and/
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end acidosis. It was therefore necessary to have some
gtandard of the normal and so the normsl tolersnce for
glucose and the renal threshold in healthy children were
investigated.

Phe first two sections are devoted to a consideration:
of

(1; The Glucose Tolerance Test
snd (2) The Renal Threshold for Glucose.

In ﬁhe third section the effect of Ketosis on the blood
sugar curve is considered together with a study of its
igfiuence on the action of those enddéﬁine substances which
are known to be of importance in carbohydrate metabolism,
namely adrenalin, g%sulin end pituitrin. ‘Phis section
concludes with an investigation of liver function in ketosis
by means of the laevulose test.

As the condition of ketosis produced in this series of
investigations is associsted with an acidosis, as was shown
by Brown and Grahéi, it was therefore necessary to determine
whether the results obtained were due to the acidosis per se
and not to the effects of the ketone bodies. 1In section
four carbohydrate metabolism is studied in an acidosis
produced by Ammonium Chloride which is not saasociated with
& ketosis.

Section five contains the report of a preliminary series
of investigations into the histological changes produced by

acetone with special reference to the glycogen content of

the/




the liver. In the concluding section, six, the general
findings are briefly discussed and an attempt is made to

draw conclusions based on these findings.
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~ SECTION I.

Glucose Tolerance Tests.

Within recent years glucose tolerance has been used
as a means of investigating disturbansces of carbohydrate
metabolism, especially when following disorders of the
'endocrine system. - In such tests, it has generally been
accepted that a normal adult of 60 kgrm weight can ingest
and metabolise 100 grm. of glucose without the sppearance
of_glycasuria. The ability to deal with more than this
amount ié considered evidence of an increased carbohydrate
tolerance, and the presence of glycosuria following the
ingestion of less than 100 grm. points to a decreased
tolerance. In the case of children it has been cusﬁomary
to eonsider that there»is an incresased carbohydrate toler-
ance if more than 2 grm. of glucose per kgrm of body weight
can be ingested without the appearsnce of glycosurias.

This view of carbohydrate toleranece has not, however,
met with universal acceptance. Samson Wrigég) says,
w1t ig diffiocult to understand the term 'inereased sugar
tolerance' which is so frequently used, éince nausea develops
before thé limits of ingestion are reached®™. He also states
that & certain proportion of subjects develop very slight
glycosuria with 300-500 grm. of glucose. Taylor and Hulton

consider/



5.

consider that in the majority of healthy adults there is no
limit to the assimilation of glucose, but a survey of their
findings shows that in 6 of their 25 cases glycosuria appesared
with 200 gm. Graé?)in his paper on "Blood Sugar Standards®
points out that of 129 apparently normal persons 40% showed
glycosuria after the ingestion of 100 grm. of gluco;e and
Goto and Kuég also note glycosuria after a similsar smount in
62% of their cases. Benedict and Osterbng report glycosuria
1nmtwo cases after 40 and 60 grm. of glucose respectively.
DPetails of the investigation of the glucose tolerance
ofz32>ch11dren, in whom there was no reason to suspect any
disturbance of carbohydrate metabolism, are given below. The
children varied in age from 1% to 12 years and the majority
had been suffering from choresa, but there were also 5 patients
convalescent from rheumatiec srthritis, 2 suffering from
taeniesis and one case eadh of rheumatiec pericarditis, con-
valescent pneum&nia, chronie pneumonia, congenital syphilis,
chloroma and rickets. The children with chorea and those
suffering from rheumatieg 1nibctions were receliving daily
90 grains of Sodium Salicylate and 180 grains of Sodium

Bicarbonate. These drugs were, however, omitted during

the day of the test.
The test was discontinued when the child was actively

sick/
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slock with an amount of glucose larger by 1 gyrm per kgrm.
of body weight than thalt tabulsated. Seven of the children
could not be induced to take more glucose than that recorded
because of the fear that they would be sick. The glucose,
in amounts varying from 1 to 11 grm. per kgrm. of body weight
was given in place of breakfast after an all night fast.
The urine was collected for 4 hours at hourly intervals and
tested for Sugar with Fehlings Solution. When there existed
any doubt about the result the phenyl—hydrazine test was salso
carried out.

The results have been tabulated in Tables I snd IX.

Table IX.
Cases in which Glycosuria Occurred.
. Age1 Weight‘ Glucose per |Amount o#’ Sugsr

‘Case | Sex|Yrs | Kilos. Kgrm.of Body | Glucose| Disease in

o wWeight Grm. | urine
A.He M|lof| 22 1.0 22 Chores Trace
D.E. [ M|10 | 25 4.0 | 105 " +
se. | ?| 5| 17.5 5 88  |Rheumatism | +
E.McC Fl 8 20 6 121 _ |Chorea Trace

Pable I gives the details of the four cases in whom
glycosuria was produced and of these A.H. is the only one

whose sugar tolerance can be said to be markedly low. The

patient/
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patient was examined daily for glyeosuria for a period of
two months, qu the tests were always negative and he never

| showed any symptoms of disbetes. The blood sugar curve
after 22 grm. of glucose reached a value of .208% after

1 hour but fell below the fssting level in 2 hours. He
cannot be said to be a “renal glycosuric" since his
ghreshold was found to lie mbove the level of 184%. The
tolersnce in the other three eases was broken with quantities
of glucose equal to 4, 5 and 6 grm. of glucose per kgrm. of
body weight respectively.

All but one of the cases in Table II were able to take
more than 2 grm. of glucose per kgrme. of bhody weight without
either nausea or the appearance of sugar in the urine and |
20 of the 32 children were able to ingest a total of 100 grm.
or more, irrespective of age or weilght, without glycosuris.
The amount of glucose which children can take, without nausea
or vomiting, varies enormouslﬁ, and seems to have‘little or
no relationship to age, weight or sex. The quantity varied
from 30 to 270 grm. One child of 3 years took a total of
110 grm of glucose (i.e. 11 grm. per kgrm. of body weight)
and enother of 10% yeara was sble to take 67 grm. only (i.e,
2.5 grm. per kgm. of body weight) without nsusea and sickness
being produced. This faet (that of nausea) complicates any

conclusions which may be drawn regarding glucose tolerance.

Pwanty/
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Case | Sex| Age
; JX8 X1l08e |
J.W. M| 4
J.MeL M| 10
E.g.. g 5
F. ‘. 8 .08
J.P. M 1%'1
N.G. | 10
M.H. Pl 11
5.M, M| 11%
wQ»DQ H 10
J.M, r 1%
M.M. r S
¥.P. b4 7
P M 9
M.P. P | 10
J.H. M| 10%
A.MoK P| 12
G.McD P 12
JMoL P| 10
J. M. M 7
J.G. ¥ 1l
M.T. M| 12
, gogo . { ' 6’%
P M| 98
R.H. M 2"
M.B. ) 5%
R.MeG | 5%
R.McH ¥ | 11
: n 2
. . IQ_

Table II
TGlucoBe pey Amount of
Weight Kgrm. Body | Glucose Disease
Xilos. | Weight grm
115 2 grm. go Chronic Pneumonis
Z 2.5 » T Rheumatism
g 3 " 2 Pericarditis
11. 3 'P Conval. Pneumonisa
zz 3¢5 * 100 Severe Chorea
2 3.5 % 100 b "
28 3¢5 ® 100 V. .Slight Chorea
25 5/ 4 ® 105 Severe Chorea
g 4 * 100 Tape worm
4 = g} Chloroma
19.5| 4 % Chorea
19 4 * Chorea
25 4 160 Chorea
2 4 * 100 Chorea
2 4 © 112 Chorea
2 4 ™ 100 Tape worm
2 4 ™= 105 Chorsa
21 4.5 * 100 Chorea
1 45 % 90 Chorea
2 Z - 140 Chorea
23 » 138 Chorea
20 6 * 120 Chorea
21 6.4 ® 145 Rheumatic Fever
16 g " 112 Rheumatic Fever
16 L 128 Neuro-Syphilis
15 8 @ 120 | Ghorea
27 10 ¢ 270 Rheumatism
10 i 110 Rickets.

The Wt. in Kilos and the Amount of Glugose are only
ayproﬁmate to nearest Kilo and gm.




Pwenty-three of these thirtj—two children were able to
take 4 grm. of glucose per kgrm. of body we ight without
glycosuria and only in two of the thirty-two cases was the
sugar tolerance broken with this or a less smount.

It may therefore be generally concluded that the
majority of normal children are able to ingest an amount
of glucose equal to 4 grums. (at least) per kgrm. of body
weight without glycosuria reéul’cing. The term %*an inecreased
sugar tolerance* cannot therefore be used with any meaning
' siacé;,;nermally, ‘nauses probably devélopa before the limits
of ingestion are reached. |

—o00—
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- ‘ SECZION IX.
The Blood Sugar Curve and Renal Thresghold.

‘The effect of a large quantity of glucose on the
blood sugar curve of ten apparently nomal children was
studied. [Eight of the children were recovering from an
attack g_f chorea, one, case VI, was convalescent frpm
rheumatie arthritis and another, oase V, had recently been
treated for tapeworm, but during the period of study there
~ was no sign of segments o‘;. o§a in the fsaseces. All the
children with one exception (case V) were receiving 90
grains _‘of Sodium Salicylate and 180 grains of Sodium
Bicarbonate daily, but this was omitted on the day of the
i:est. On one Qccasion, by inadvertence, a child received
15 grains of Sodium Salicylste and 30 grains of Sodium
Bicarbonate immediately after the glucose had been given.
The blood sugar curve obtained on that occasion did not
differ in any marked degree from that obtained when the test
was iepeated with glucéée alone. During the period of
study the children were confined to bed snd received the
routine mixed diet of the hospital. One grm. of glucose
per kgrm. of body weight was given for the first test, and,
some dasys later, for the second test, 100 grm. of glucose

except in csses IX and X where 121 end 88 grm. were given

respect ively/
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(8)

respectively. MacLean's method was used, as throughout

in this work, to estimate the blood suger vslues. The

~urine wes collested where possible at half hourly intervals

immediately after the withdrawal of the specimen of blood,
and tested for the presence of sugar and acetone.

The results are tabulated in Table IIIX.

The generally accepted namai fasting blood sugar

value in the adult lies between .0707 and .120% with an
 average value of .100%. Bass found in & series of nommal
- ehildren that the fasi:ing level did not differ from that of
" adulte. In the esses reported here the fasting value of

the blood sugar varied from .067% to .16&%, the average
being .166%. Three children ga;e fastiné velues above
.120%. Eaeh of these children was observed for a periocd
of 2 to 3 months in hospital and during that time presented
no_.evidence of a disturbed carbohydrate metabolism. In one
child (csse III) thé high value of .152% wes exceptionsl
since on eight other occasions on which the fasting level
was estimated it was found to lie between .0827 and .1e3%
Gréas') in his review of the litersture found thet 77 of
apparently normal individusls have a fasting blood sugar
value within .120% and .16075, so thet these high fasting
values, though ungzsua}.. nee;l not be considered pathological.
In the work to be subsequently reported it will be noted

that/



TA DLE ]I[ | 1lla

Case

Ko‘ o e by

I |27 | 28 | 8 |.106|.166|.204|.189|.162| —-- | — | Absent

‘ 100 | 8 |.102)|.211|.227 .217 .192 .166 | — w

IT |26 | 27 |15 (.109|.135|.137].141|.125]| - - "
100 |15 1.090|.16e .aga 216 .181 1,198 | -~ "

III (22 | 22 1g «095(4179|.159|.129 | .113 | - - n

. 100 e152(256 |¢341 |+321 |+264 |.241 196 | Abs.at Ahr

ol o y , , +at 1 & 3

100 | 8 l.1021.211/.239 .268|.251 | = 211 | Abgent

IV |28 | 28 (15 |.100(|+125/¢152|.109 121 | = - »

v 123 | 24 | 8 [.119/|.204/.196 .132 11| - | - Ly
100 |15 |.098|.214).243 |.286].296.196 | - .

VI |27 | 27 113 {137 {147 |.141 |.109 | - - n

I
5

8
100 | 8 |.106/.1841.177 [.243 [.108] -

VII |25 | 25 1g .127/.181|.189 [s123.141 | -
100 .100 |.250 {.310 |. 270 ].207 |.139 *

VIII| 23 23 15 [.141(.152].196 [s172 [.129 | - - \3
100 |15 1.166].191 1.193 |.226 |.234/,191 | -~ u
X a2 | a 8 [.+110|¢174 193 [168 |.094 | - - " ‘
121 8 |.072]|.207 .242 225,211 - - Abs.at &
1lhr: +at
1} hrs.
X 18 18 |15 |.067(.129 |.113 [081 | - - - Absent
88 g .08 - .182. 0286 (4213 | - - Abs.at #
& lhr: +
at 1% hrs
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that the fasting blood suger value ususlly falls within
the limits of .070% to .120%.

The darstion :D:E the st;.rvation did not seem to affect
the fasting level, the averege value being .106% after an -
8 hour fast and .1077 after a period of 15 hours without
food. TPhis fasting value was not eonstant for the same
individual, but varied somewhat on the different days on
which it was estimated. Other observers have noted this
same fact and Hale-White and Payl(zéc) found that the same
individual did not give similar types of curves on different
occasions.

With one exception, the peak of the curve occurred
within the hour after the amsller amount of glucose. The
aversge highest value reached was .173%, the maximum and
minimum being .204,% and .141% reSpeetively. Generally
speaking the results agree with those obtained by MacLean
and other workers for the nomel adult after s mesl of
50 grm. of glucose, except that the curve does not return
80 quiekly to the normal fasting level. This may be due to
the relstively larger emount of glucose which the ehildren
ingested, or to the longer fasting period, or to a combin-
ation of both these factors. It is well known that a second
dose of glucose, ingested during & falling blood sugar,
produces & very slight (if any) secondary rise. This is
usually/
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usually explained on the hypothesis that the carbohydrate
storage mechanism of the body is already mobilised and

able to deal immediately with the second quantity of glucose.
Since many of the workers, inectuding MaclLean and De.Wesse](.:cl;%l)
have used fasting periods of only 3 to 5 hours it may be
that the carbohydrate storsge mechanism was, in their cases,
not yet “demobiliged™ and could deal quickly with any glucose
ingestea; hence the more rapid fall to fasting level recorded
by these workers than was found in our series, in which the
fasting period waes either 8 or 15 hours. It has not, however,
been universally accepted that the fasting level should be
reached within 2 hours. Fries and Ké%zax) found thet only

83% of normsl ehildren, receiving less than 2 gm. of glucose
pe;.' kgrm. of body weight, return to the fasting level within
three hours aﬁd Hale—White and Paﬂ:%o)snggest that a value

of .120% is quite witl(l%?)nomal limits at the end of two
hours. Pries and Kohn  &also state that the fasting dlood
sugar, the toleramce and the.t,ype of curve registered may
vary from day to day.

With the larger amount of glucose somewhat different
results were obtained. The maximum value was very much
higher, the sverage being .25% and the maximum and minimum
values obtained were .341% end +184% respectively. ‘Phe

meximum/
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maximum velue was attained in 50% of the cases at & time
later then was the case after th; small quantity of glucose.
In only one instance (case VI) was & eurve, resembling that
deseribed by MacLea.n(:& )noted. MaclLean and De Wesselowll)
maintain that in normal 1ndiv1duéls the height of the curve
cannot be raiéed above the maximum 18% by 1arge smounts of
glucese. though the fall may be delayed. Hale-White and
anx%m -report blood sugar curves nsin? above .180% with

amounts larger than 25 grm. and Foster quotes three cases
where the blood sugar reached .214% in 30 mins., .204% in
35 mins., and «201% in 45 mins. a:e;;er 100 grm. of glu;ose.
Gr;;)found in 300 :;torma.l cases & large number in which the
blood sugar curve rose to values between .20% and .257 with
100 grm. glucose. 1In children Fries and Kok(l:xliz found 20%
of their cases rose above .20% with quantities of glucosé
from 1.5 to ¢ grm. per kgrm. ;wf body weight.

From the relationship between the blood sugar level

end the glycosuris in this series of cases the rensl thres-—
hold in childhood would seem to be véry high compared to thst
in the adult. The average value of the remal threshold for
glucose in the children in this series seems to lie above
.238%. In cases III, IX and X the velue can be fairly

deﬁ;nitely fixed. 1In case III it liee within .268% and
341%/
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«341%; in case IX above .246%; and in case X between .216%
and .286%. The test with th; larger dose, was repeated 4~
and 6 d;.-ys later, in cases IIT and X. The resulting blood
sugar values were not so high as those obtained with the
previous test, and no sugar appeered in the urine. Besides
enébling & more definite velue to be places on the renal
threshold in these two cases, these resulis point to the
variability of the tolerance for glucose in the same child
on different occasions. The values . 296% and +310% in
cases V and VI are‘_exceptionally high. h )

If- might be sald that the blood sugar did not remain
at these high levels sufficiently long for sugar to appear
in the urine in amounts possible of detection by ordinary
oclinical tests. But in cases II end VIII the level of
the blood sugar was above .200% for at least half an hour,
in case I for one hour, in cas;s V and VII for two hours
and in case IV for three hours. It can be seen, therefore,
.that this oriticism is not valid, the time during which the
blood sugar was at a high level being sufficiently long for
sugar to have been excreted in easily reoognisable amounts.

Glucose has been regarded by the majority af workers
as‘a threshold substance, though Benedict and Osterbéié)
maintain that there is no threshold for glucose and no

sudden point at which sugar appears in the urine. MacLean

and De Wesselg%zl}
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(11)
snd De Wesselow gonsider t?36§enal threshold as .1807.
(15 1
Olmstead and %ay and Grsham, place it at .190%. Hale-
10 .

White and Payne suggest that .200% would be a more reason—
able value to consider as the norm;l renal threshold.
Mackéiz)who examined the blood sugar of 44 patients during
ansesthesia, found that of 30 subjectg who developed
glycosuria 37% had maximal blood suger values of less than
.IBQ%. In li of the cases in whom glycosuris was not
produced 8&7 hed maximel velues varying between .180% and
.386%._ In the case registering the maximal rise of .3867
the blood sugar remasined above .200% for four hours without
any sugaer sppearing in the urine. ~Macka§7)suggests,
therefore, that the renal threshold msy vary considerabl
in different individusls and Greenwald, Gross and Samé%s
who slso subseribe to this view, think that the threshold
may vary in the same individual at different times. Hatléig%
also noted this fact. Grah;;§)reports a case where a
blood sugar of .3007 wag obtasined without any glycosuria.
Ho;§0)£bund that of 14 normal women,two gave a maximal value
of .200% without glycosuria resulting. Widnéﬁl)alao reports
normal children with the remsl threshold above .230%.

The examples from the literature quoted above Qhow
that & higher rensl threshold than .180% does exist in the

normel adult end that it may be even above .20% but no cases

have/
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have been described where after ingesting glucose such
typically diasbetic curves have been obtained. In the
present series of cases, with a large quantity of glucose,
80% showed a high renal threshold and diabetic type of
eu;ve. It must be remembered, however, that blood sugar
‘curves following amounts of glucose relatively as large es
those given to0 the subjeets in this present series (i.e.
roughly 4 grm. per kgrm. of body weight) have rarelj been
estimated in fhe adult.

It is interesting to note here that an attempt to
estimate the effect of such large amounts of glucose on the
blood sugar of four adults was made, but the most that they
were able to retain without sickness was 3 grm. per kgrm. of
body weight. The deteils are found in Table IV.

It can be seen that in only one, S.G., was the hyper—
glycaemia above .200% and here the renel threshold for glucose
was passed and sugarhappeared in the first % hour specimen of
urine but not in any of the other specimens. The large
quantities of glucose given, though relatively not so large
as those ingested by the cehildren, do not seem to reise in
the adult, the height of the blood sugar curve so readily as
in the e¢hild. We consider that the tolerance for glucose in
a child, a&s revealed by the blood sugar curve, is not so high

as that of the sdult and that probably the renel threshold is
at/
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at & 8omewhat higher level.

Phe renal threshold in disbetics varies but is usually
well above »200%, and two cagses of diabetes mellitus observed
in the Royal Hosii‘bal for Sick Ghild(ze‘ﬁ show renal threshold
values above .253% and .282%. John reports a case of diabetes
mellitus with a blood sugarmlevel of .390% and no sugar in
the urine. It has generally been assumeé. that this has been
raised above the normal in the diabetic. It might be suggested,
therefore, in view of the results obtained in the above
investigation that in a certain number of cases of disbetes
mellitus the level of the renal threshold has not been raised

but is at its nomal level.

000
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L SECTION III
Ig this section are detailéd and compared the results of
the blood sugar curves after

T. The ingestion of 1 grm. of glucose per kgrm. of
body weight. )

IX. The ingestion of 100 gm. of glugose.
ITI. The subcutaneous injection of Imsulin.
IV. The subcutaneous injection of Pitultrin.

V. The effect of Pituitrin feeding on Carbohydrate
‘ Tolerance.

n ' IN
VI. The subcutaneous injection of Busulin, and
Vii, The Laevulose Test,
undei the condition of

A. A normal diet, and
B. A ketogenic diet.

By the term %ketogenic* diet is meant a high fat diet
whiehAconsisted of varying proportions of fat bacon, butter,
cream, curds, fish, cheese and 5% vegetable.  The amounts
varied slightly according to the"calorio requirements of the
child. Tea with saccharine and water were given to drink.
The Ketogenic-Anti-Ketogenic ratio &f this diet was approxi-
mately 3.5 to 1, as calculated from Shaffersé) data, and in
every case acetonuria or ketosis developed &ithin 36 to 48
hours and continued throughout the durastion of the experiment.
This high fat diet was similar to that given by Brown and
Grahag.r%) in their work on “Ketonaemis and Ketonuria in Childhood™
and/ m



end they found in every case an increase in the blood
acetone'aceompanied by a fall in the alkaline reserve. They
assumed that “in the absence of a definitely increased CO;
output by over ventilation a reduetion in the saslkaline reserve
must be taken as an indication of a reduction in the serum
pH, and consequent acidosis.™  Acidosis occurred in their
cases without giving any clinical manifestatlions of its
presence and the same holds good for the series reported
here. No blood anslyses demonstrating the existence of an
acidosis were carried out in this work, but it was teken for
granted on account of Brown and Granansa findings that such
a condition did exist. '

The acetone in the urine was estimated qualitatively
only by means of Rgtherals Test. A 24 hour specimen of the
urine was examined dailyaduring the period of the exzperiment
and it was found that the acetone which was +++ in quantity
during the first seven days or so, decreased to a + amount
after this with occasional daily varistions to a ++ or a I,
the cause of which was not manifest. An attempt was made in
all the experiments of this section to colleet % hourly
specimens of urine during a blood sugar test, the urine being
collected immediately after the specimen of blood had been
wit hdrawn. Occasionally, however, specimens of urine were

not obtained with such regularity ss this.

Bart I/
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Part I.
 f*he Blood Sugar Curve on
A. Normal Diet, and
B. %Ketogenic™ Diet.

The subjects of &ll the experimenté in this and the
remainder of the work in Section IIY were the first seven
cases described in Section II and as the results of the
blood sugar curves on normal diet with 1 grm. of glucose
per kgrm. of body weight and with 100 grm. of glucose have
been dealt with fully in the latter section, neither of
these results will be considered in detail here.

Table V gives the details of the blood sugar curves
and Chart I shows graphically one typical result and the
composite curve of all the tests. Chart la contains the

graphie results of the other cases.

TadLe™,
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The results reveal that the change in diet has produced

a reduction in the tolerance for glucose, the curves

resembling those obtained in a mild case of diabetes

m ellitus. 9%he fasting blood sugar is at a lower level,

in every case, than on normal diet. 3*hese experiments

were/
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were carried out after 10-22 days on & ®*ketogenic®™ diet
end the values are not quite so low as those obtained by
the 3rd to the 4th day. Although the degree of hyper-
glycaemia attained is much greater on the high fat diet,
the curve shows & much slower rige, the rise in blood
sugar at the & hour being less than on a normal diet.
Indeed in three of the cases, I, II énd IV the value is
practically the same as that found at fasting. In every
case except case I, the peak of the curve is higher than
on normal diet but the most striking point is the delay
in the return of the blood sugar to fasting level. A
more marked lowering of tolerance as regarded by the
height end configuration of the blood sugar is shown in
cagses II and III who were for a longer period on the
ketogenic diet than any of the other children.

| In cases II, III, V and VII, the blood sugar rose
to values between .218% and .234% and no sugar appeared
in the urine. fThis c;)nfoms to'the renal threshold level
for glucose described in Section II. Case VI did not
show a very marked change in the hyperglycaemia attained
on a high fat diet but thé value at the end of two hours

S

Acetone was a + quantity in the urine at the beginning

of each experiment, except in case VI where only a trace

was/
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was registered. That the acetone output veried slightly
was noted on & daily examination of a 24 hour specimen of
urine in all of the cases and by the following day the
acetone was again a + quantity in this case. In case IV
the acetone had gone from the urine two hours after the
ingestion of the glucose and in case V it had been reduced
to a ¥ quantity.

Part _I_;.
The Blood Sugar Curve after 100 grm. of glucose on

A+ Normal Diet, and
B. Ketogenic Diet.

The details are found in Table VI and two represent—

stive cases in Ghart I are shown graphically.

aLs 7
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As was to be expected, the results are similar in kind
though different in degree, to those reported above*  S$he
tolerance for 100 grm. of glucose was much reduced and in

every case, except VI, the renal threshold was passed and

glycosuria/
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glycosurla resulted. The tolerance in case VI was broken
by 130 grm. of glucose but he was able, on a normal diet,
to take 270 grm. without sugar appearing in the urine. This
ehild’s tolerance for glucose would seem to exceed that of
the o%her cases and his threshold level appears to be nearer
the value .200%. The results in Section II indicate that
the rensal thre;hold in childhood might be higher than in the
adult and if this were so it might be that this child was
\ipproadhing nearer to the adult type of metaboliam than the
“others. He was not, however, the oldest child in the group,
| being 11 years only whereas two other children were aged 12
years. Fries and Koﬁia)fbund'that in a series of normal
children those with the poorest tolerance were aged 7 to 10
years and that the tolerance was better under 7 and over 10
YQars of age. We have not been able to show in our results
any such variation of toleramnce dus to the age of the ehild.
_As can be seen from Chart II the hyperglycaemia}attained
after 100 grm. of glucose on & carbohydrate“f;ee diet is
very marked and very prolonged. Cases II and III reached
the very high blood sugar values of .422% snd 409” at the
vend of the 2% hours and showed no tenaeney to return to

fasting level at this time. No sugar appeared in the urine
at/
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at the % hour period in any of the cases but was abundantly'
present at the hour period, except in case IV. In her

caée glycosuria occurred at the 1% hour period only and thie
has enabled the threshold level to be placed definitely

above the value 9264%0 In case VII there would seem to

have been & lowering»of‘this renal threshold since sugsr was
present in the urine on the ketogenic diet period when the
bloocd suger level was .271% though on a nomal diet no sugar -
was excreted with a hypergiycaemia of +310%.

It was noted that after this large qn;ntity of glucose
there was a mild duiresis and in case V this was particularly
marked, & urine of specific gravity 1000 being passed during
the test on normal dlet. On ketogenic diet the Specifie
Gravity of one specimen of urine, loaded with sugar, was 1003, -
This is somewhat contradictory to the usual teaching that
urine containing suger has a high Specific Gravity. It has
been remsrked, however, that in two cases of diabetes mellitus
observed in the Royal Hospital for Siek Children urine
containing sugar snd yet having & Specifie Gravity of 1002
has been passed.

he quickness with which glucose can clear acetone from
the urine is very striking. In cases I and VII only a faint
trace remained 2% hours after the ingestion of 100 gmm. of

glucose. 1In cases IX, IV, V and VI no acetone was present
in/
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in the urine at the end of the test period and in case IV
it had gone completely by the end of 1 hours. Glucose
ig much more effective in this sntiketogenic quality than
leevulose, as will be demonstrated further on in this thesls,
and Goldbla‘é%a)found thet in starvation ketosis, glucose
removed acetone from urine in 1 hour and it did not return
ferS% hoursg. Laevulose, on the other hand, overcame
ketosis in 1% hours only and preserved the balance but for
one hour.

| It is therefore, very definitely demonstrated that &
high fat diet lowers the tolersmce for glucose end raises
the blood sugar to a phenomenally high value. The fasting
blood sugar is lowered below the nomal, the curve dees not
rise so0 quickly as on ordinary diet, and there is marked
prolongetion of the timg required for the blood sugar to

return to fasting level.

Cliniesl Considerations.
| 'Before going on to discuss the above results it seems
worth while to draw sttention to & point which may be useful
in the clinicel disgnosis of the different type of glycosurisa
and to differentiate between those which require treatment
end those which do not.
In the frank casse of disbetes mellitus which comes to

the physician with symptoms of thirst, polyurie, weskness and
emacistion/
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emaciation, of whatever degree, there is little likelihood

of a mistaken diagnosis being made. But in the case where
glycosuria is discovered asccidentally (e.g. in & life
insurance examinstion) and the individusel put on a low carbo-
hydrate diet and the sugar tolerance then tested a mistsken
diagnosis may be mede. If the person is not a disbetic the

low carbohydrate diet may produce & qurve indicative of mild

‘disbetes, as shown above, and may be wrongly labelled as

snffering from diabetes mellitus. On the\other hand the
opposgite may oceur. This point can be illustrated by the
case of 8 child in the Disbetic €liniec of the Royal Hospital
for Sick Children.

This child, J«.L., had had an attack of whooping cough
an@ during his convalescence he was noticed to have some
iacreaaed thirst. The urine was examined and found to
contain sugar. He was put on a low carbohydrate diet, the
sugar disappeared and he seemed quite well. On admission
to hospital for an investigation into his case & five hour
fasting blood sugar was only .106%. After a fifteen hour
fast and 16 grm. of glucose the biood sugar gurve was &s
follows:

F.B.S. $hr. lhr. lahr. 2nr.
«075% .115% +119% «164% .154%

Aj ,
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A two hour specimen of urine contained Acetone + but
no sngar. This blood sugsar is normal spart from the delay
in return to fasting level. He was given ordinsry diet for
two days, no sugar appeared in the urine and & five hour
fasting blood sugar was «116%, gtill within normsl limits.
After six days on this diet the following wes the blood
sugar curve recorded after s fifteen hour fast and 16 grm. of
glucose.

F.B.S. hr. lhr. 1%hr. 2hr.

+152% +184% «199% «259% «279%

There wa; a trace o% sugar in’urine at éhr. periodionly and
no ascetone.

This is a frankly diabetic curve. If he had been
normal his tolerance for glucose, on the ordinary diet,
should have been increased, not reduced.

The following rule may be formulated for doubtful cases
of glycosuria. The blood.sugar ceurve should be estimated

on (a) & normal diet, and
(b) & low carbohydrate diet.

If the individual is normal as regerds his glucose
metabolism, he will show & better tolerance for glucose on
‘an ordinary diet than on the low carbohydrate diet. If he
is a disbetic the findings will be reversed.

This rule is useful also in helping to decide the
difficult/
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difficult point whether a person with renal glycosuris
should be treated as a potential disbetic. A patient,
H.F., who had been on & low carbohydrate diet after the
sccidental discovery of glyeosuria, had his sugar tolerance
tested. The blood sugar after 50 grm. of_glucose was
considered normal.

P.B.S. shr, lhr. 1ghr. 2hr.

.1007 . 2107 . 1607 . 1107 . 100%
» He was given ordinary diet for eight weeks and his
sugﬁr tolerance estimated again. .The result revealed that
there was & lowering of the tolerance for glucose.

F.B.S. %hr. 1lhr. 1shr. 2hr.
.0987 .179/, . 2687 .1707 .141%

He was advised to keep to the low carbohydrate diet
for though the curve cannot be cslled diabetic in thst it
ig nearly at fasting level in two hours yet it revesaled a
slight weakness of the carbohydrate disposing mechanism on
ordinary diet.

It is imporxrtant, therefore, before performing this
customary sugar tolerance test used in clinical disgnosis
that the previous periocd of diet should be carefully
eontrolled. This point has been noted before by several
other workers, but we do not think it has been sufficiently
stressed in text beoks dealing with the diagnosis and
treatment of disbetes mellitus and glycosuris.

Discussion/
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 Discussion.

" Other workers have observed this lowering of the
tolerance for glucose produced by the administrat}on of a
carbohydrate free diet. Kagen£§3)noted this fact in dogs
fed on & high fat diet and Southwo£§4)obtained & much
enhanced hyperglycaemic reaction in men who had been given
a c?ggghydraxe free diet for 36 hour?lggevious to the test.
Staub and Greenwald, Gross and Samet reported similar

- findings. Kohn, Pries and Felsh:f.fxé) obtained “"diabetie
curves® in children, also suffering from choréa, who were
receiving a diet with the Fatty Acid:Glucose Ratio of 2.5
to 1 or 3:1.

Phis reduction of suger tolerance arises not only with
& carbohydrate free diet but s&lso ococcurs if individuasls are
starved for any period of time. Severinghaé§7) found, after
fasting for at least 48 hours, that the ingestion of glucose
resulted in & blood suger resction, previously normsl,
resembling that of a mild diasbetic and Du Vignesud end Kags)
and Lennéi?)among others reported aiﬁilar results.

Besides the lowering of tolerance for glucose, revealed
by the degree of hyperglycaemia attained, the fasting blood
sugar of subjects receiving a carbohydrate free diet, or no

_diet at all, is always lower than the nommal fasting lgvel.
This redustion of the‘faating suger content of the blood is

more/
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more marked during the first few days of a "ketogenic" diet

or & fast and in this series of cases the average fasting

blood sugar was .071% for the first three to four days,

whereas

by the 22nd to 26th dey the average had risen to «083%.

(30)

Sslomonsen found on a high fat diet that the fasting blood

sugar was lowest on the second day, remained low till the

fourth day and by the sixth day had returned to a low normsl

level.

(31) »
Ross and Joseph and Talbot, Shaw and Momisxty

(32)

found that the lowest value occurred during a period of

starvation on the fifth and sixth days and then tended to

return to normal fasting level.

Phat the blood sugar, however, once it has recovered the

normal level does not, in every cage, remein there is shown

by the fasting blood sugar values obtained in case VI during

the period on “"ketogenie" diet.

No.of Days on

15 \ 17 19X23

It is remarkable that in the series of cases here

desoribed none of the children showed any elinicsl symptoms

of_hyp;iglycaemia or scidosis.

.
The children did not suffer ¢

from siokness, lassitude, disturbance of respiration nor

restlessness and seemed in no way disturbed in the ir general

health/

_Ketogenic Diet 3 3 10 12
 Festing Blood | \ \ |
___Sugar 063 | 4081 |.071 | +085| .089 |.100 |.069|.047
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health. This fact has been commented upon by Brown and
G:ahég)and Salomonsézg)in his series of 12 normal children noted
vomiting in four cases only, though in none were the symptoms
&t &ll comparable to that seen in @yelical vomiting. A
gimilar freedom from the manifestations of any severe clinical
symptoms in the acidosis produced from starvation is reported
by Weymuller and Schloéz? and Talbot, Shaw and Mbgiaré;?)
Phree of the subjects in the investigation by Weymullexr and
Sehloss becsame drowsy with acetone odour in the breath after
a 48 hour fast while on a ketogenic diet. Talbot, Shaw and
_Mbgﬁaézg)had to give glucose to remove thé symptoms of acldosis
bn the third day of & fast in only one of their cases. This
child had on that day a blood sugar of only «038%.
| Phis point of hypé;glycaemic values in the blood sugar {
during & short fast of eight to fifteen hours on s high fat
diet or during the first six to seven days of & fast is of
1nte:est in that there are no manifest clinical symptoms og
hyp;iglycaemia. One c¢hild, M.McI, during the c¢ourse of !
another investigation not recorded in this thesis, had a
fastingAblood sugar of 0407 on the seventh and seventeenth
days of & ketogenic diet anﬁ seemed quite undisturbed.
Weymuller and SchloéZB)report two children with fasting blood
sugar values of .042% and .035% without any symptoms of

hypoglycaemis/
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hypoglycaemis. They consider that some other factor besides
the low sugar content of the blood is econcerned in the production
of the symptoms described as occurring with hypoglycaemia.
This question will be further discussed in the section dealing
with the hypoglycaemia produced by insulin. A

The low fasting level of the blcod sugar may be accounted
for by supposing the liver to have hecome depleted of its
glycogen to a greater or lesser degree and further evidence
to shéw thet thie inhibition of glycogenic function does exist
under the changed conditions of a high fat diet will be
~ submitted later. As the length of fast, or the period of
administretion of ?he diet, increases,the blood sugar tends to
rise again., This may be due to & qompensetory formation of
glucose from protein or fat or to & lessening of the severity
of the ketosis or acidosis which may be the cause of the
inhibition of the glycogenic function of the liver. Brown
and quhég demonstrsted that the ketosis was less marked after
the eighth dsy.
' A non-gaseous acidosis accompanied by & ketosis is
produced by a high fat diet and a fast over a period of several
days, producés similar changes in the biochemistry of the
blood. 1In both of these conditions there oceurs a failure
in the metabolism of carbohydrate. What factor is it that
produces the disturbance of metabolism? Is it the lack of
carbohydrate/ |
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carbohydrate in the diet, the disturbance in the acidpba;e
egquilibrium or the ketosis;whioh ig responsible for the
change?

It has always been recognised that the liver plays an
important part in the metabolism of carbohydrate and an
attempt has been made in the following pages to show that
the glyeogenic function of the liver has been interfered
with. ~Evidence will be brought forward to show that it is
probably the ketosis which is the causal factor in this
change in the efficiency of the liver and these findings
will be 4 iscussed along with the various theories previously
propounded regaerding the mechanism of produetion of the

lowered tolerance for glucose accompanying a "ketogenie" diet.

Fart IIX
The Subecutaneous Injéction of Adrenalin.
Phe next results to be'considered are those obtained on

< Ll a4, g Normal Diet, snd
T B. a "Ketogenic" Diet,

after the injection of adrensline chloride (1/1000 solution -
B«sW. 60). The smallest quantity of this solution of
iré&reﬁalin which caused a definite rise in the blood sugar in
children of different sgea was worked out at the Royal Hospital
for Sick Ghildren by Dr. I. Mitchell. It was found that
echildren/
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children of different ages reacted to different amounts

of adrenalin in the following way.
Amount of Adrenalin required to cause a definite

rise in blood sugar.

At 1 year of age 1 minim of
” 2 years” w 2 I
" 3.4,5.6.7 years 3 " "
” 8 years of age 4 " n
”9,10,11 years " it
” 12 years of age Lo n

In the work detailed below the amounts of adrenalin used
were based on this standard# The injections were subcutaneous
and the blood for the sugar estimations was taken at fasting

and at 10, 30, 60, 90 and 120 minutes after t#e injection.

Othart III.
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Under ordinary dietary conditions it is seen from
Pable VIXI that sll seven cases showed the normal response
which one expects after the injection of adrenalin where
there are sufficient reserves of glyeogen in the body. In
g8ix of the cases a definite rise in the level of the blood
sugar had occurred in ten minutes but the maximal rise in
four of the cases did not appear till one hour after the
injection; in the three remaining cases it occurred st 10,
30 and 90 minutes respectively. In all the cases the
fagting level had been reasched, or nearly so, by the end of
twe-hours. |

It should be noted that in case V the hyperglycaemia
resulting from the injection of adrenaline was very'markeﬁ.'
Thisvresﬁlt will be considered along with that of the insulin
injectionfdetails of which will be found below.

In none of the cases did ad:enalin produce glycosuris
and there were no symptoms noted nor complained of after the
injection.

The results obtained when the children were receiving
"ketogenic® diet are not so constant but, on the whole it
~can be concluded that the response, by a release of glycogen
from the tissues into the blood stream is not so good as that
whieh oceurs while the subjeots are receiving a diet containing
a sufficient quantity of carbohydrate.

The/
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The difference obtained on the two diets is not wvery
marked 1f “the rise in mgs. from fasting level to maximum
value is considered, but when the curves are graphed and
the areas compared it is seen that there is a& very definite
difference, the greater output of glycogen occurring on the
normal diet. Cases II, III, V and VII show a very definite
decrease in the response to adrenaline while on a high fat
diet. The rise in cases II and III is very delayed,
ocenrring at two hours and 1% hours respeetively and is very
trangitory, suggesting that the readily mobilised glycogen
of the liver was much reduced. Case V again reacted well
to the adrenaline, though much less so than on ordinary diet.
In case I there is only a slight difference but the balance
is on the side of the normal diet. This is also the case
with VI though the response made to adrenaline, on either
diet, is not marked. Gase IV is the only one where the
difference in mgs. of blood sugar shows a higher rise on
the ketogenic diet though again the rise is not sé sustained
and the area the curves represent is greater under normal
dietary conditions.

It is worthy of note that the first curve obtained in
this case (case IV) while on a ketogenic diet showed &

response which one would expect to obtain after an injection

of/



of insulin. The child vomited and did not feel well
during the test though this wes not known till afterwards.
A similar reversal of results was obtained, on nomal dlet,
after injecting insulin. The reason for such behaviour
is obscure as on the injections of adrenaline and insulin
(see Table VIII) being repeated normal responses were
obtained.

Blottner and Fitz have demonstrated that "adrenalised"
blood does not contsin insulin so it is unlikely that the
sdrenalin should éause a searetion of insulin thereby
producing hypoglycesemia; or, viee versa, that an injection
of insulin should cause & release of adrenaline. But
Macleggs)has suggested that the re?overy‘cf the blood sugar
following insulin is aessociated with & hypersecretion of
adrenaline and it may be that in this cass this balanced
feaotion, i€ 1t dbes exist, is over sensitive and responds
t00 Boon, so that the normal reaction is overshadowed by
the compensatory one.

Discussion.

“ It is genérally accepted that the hyperglycaemia
produced by the injegtion of adrenalin is dne to the release
of liver glycogen and that if there is no liver glycogen
available no hyperglycsemis ocours. Proof that the liver
18/
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ig involved in this hyperglycaemia has been given by Mann
and Magaégé)who showed that when the liver had been removed
§ injections of asdrenaline had no effect and do not prevent
| the hypoglycaemlia which is the result of hepatectomy.
Collins, Shelling and Byr£37)also showed that after the

f serterial execlusion of the liver adrenaline fails to cause

Freprerpan

an increase in the blood sugar during the resultant hypo-
&€lycaenmia.

_ eaiirahd e&iga)have suggested that the mobilisation of
£ liver glycogen alone is an inadequate explanation of the
% hyperglycaemis snd that in addition to this adrenalin
: - inhibits the utilisation of the sugar in the peripheral
tissues of the intact animal. Du Vigneaud and Kaﬁia)
found that with glucose and adrensline injected together the

resultant curve was higher than the sum of the curves of

these two substances when given alone. They therefore
suggest that adrenslin prevented the storage of sugar. If
this were 80 one would expect that the blood sugar values
would rise even 1if thére were an absence of glycogen in the

liver since the adrenaline would prevent the tissues from

:
£
£
£
£
;
H

removing more sugar from the blood and allow whatever
glycolysis was proceeding to accumulate in the blood stream.
This might ascount for the rise in blood sugar on a ketogenie
; diet obtained in & few of the above cases even though there

was/
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wag depletion of liver glycogen. It is unlikely, however;
that the liver was quite devoid of glycogen and that those
subjeots which showed hyperglycsemia after adrenalin while on
a high fat diet still possessed some glycogen in the liver
depots.

That the lessened hyperglycsemia is not due to adrensalin
stimulating insulin more thoroughly under the condition of
e ketosis has been shown by Blottner and F1é24)who could not
demonstrate insulin in "adrenalised" blood though it was
present in "pituitrinised" blood.

Burn and Maﬁgzghave shown that an increassed response to an
injection of sdrensline is obtained after feeding rabbits on
thyroid for e ight days. If however the thyroid feeding is
continued for’eighteen days & much lower response to
ad;enalin is obtained. On estimations of the liver glycogen
being made it is found that after eight days there is very
1little decrease in the glycogen but that after eighteen days
the reserves of liver glycogen are much depleted.

McDa;ell and Underhi{%O)fbund that rabbits fed on an acid
forming diet gave a lower restnse to sdrenalin than rabbits
on s base forming diet or a mixed diet. The base forming
diet, consisting of carrots, is a much hesvier carbohydfate
diet than the #cid forming diet, and lays down & heavy
deposit of glycogen in the liver of the rabbit. The

difference/
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difference in these two results might be explained on the
varistion of svailable glycogen and not on the echange in H
ion.concentration.

- Tt may be that adrenaline is not such an effective
mobiliser of glycogen under the disturbance of acid-base
balasnee or ketosis which occurs on a ketogenic diet but since
8imiler results are found in raebbite after thyroid feeding
in whom there is no disturbance of such & kind we are
inclined to think that the lessened response is due to the
depletion of liver glyeogen. It is unlikely that this

leasening in the response to adrenaline during s Ketosis

'involves the muscles to sny extent since it is the liver

which eontrols the sugar content of the blood as was shown
by BollShan, Mann and Magaéfl:.t )
Additional evidence of there being sueh a depletion of
liver glycogen on & high fat diet is presented in the
following results after the injection of insulin though
there will first of all be deseribed & series of results

following the injection of pituitrin.

Paxrt vIVo

Blood Sugar Curves after Pituitrin Injection.
Since pituitrin produces a hyperglycaemia somewhat
gimilar to that of sdrenaline, though of a lesser degree, it

was/



TABLE V11l1l.
BLOOD SUGAR CURVES AFTER PITUITRIN,

:CCs, | Percentage (mgs.] Of Blood Sugar. 8
Age ‘of m " Rige in
Case Yrg. 'Pituit- DIET. Fast-, Minutes after Pituitrin. Blood
" jrin v ing Sugar
R ‘Insect. , Level! 10, 50, 60, 90, 120, | Mgs, URINE,
. 1T )
|
F, |.,081 | ,077 ,085 ,083 ,092 ,087 8 Acetone
11. 110. 1.5 o. [ .087 | ,107 ,107 .087 ,094 ~ 20 nil,
F, ',079 { ,094 ,090 ,090 ,092 ,094 15. Agetone
“
111. [10. |.5 0. '.090 | .097 ,092 ,097 ,092 - - Nil.,
. F, :.087 | .087 .098 ,079 .077 - 5 Acetone
1V, |11. ‘.5 0. :.089 | ,102 ,113 ,085 ,093 - 17 Nil,
. ¥, 1,08l | ,094 ,104 ,090 ,081 ,086 23 Agetone
V. |12, ‘.5 0. |.106 | .113 .137 .133 .135 .133 31 Nil.
. F, ..084 | ,104 ,100 ,100 ,094 ,094 20 Acetone
V1. {11. .5 0. {.100 | .103 ,105 .090 -  ,100 5 Nil
! ¥, {,085 | .077 ,094 ,089 ,100 ,085 15 Acetone
Vii, | 9. 4.5 0. |.,104 | .109 ,115 .113 - ,098 11 Nil
| F, |.067 ) .094 ,097 ,089 ,079 = 20 Acetone
f :
Composite | 0., |.085 | .105 .109 .100 ,103 .110 14, Nil
Curve. | F, .080 1 ,089 ,085 ,089 ,088 ,085 15, Acetone,



s

|il-00£? CwEv<?s ftP1tS  *iTo )TP>MY

6<piviAiv ylirF ~#

Kec Yb?c hi C 1/1i;T - C k 'P:jlsl\‘
Cpee'TF GirSf1T
ov /Alfdﬂ_llo 60 <>O eprtiTz/Y? 3°
niriolci 7Vr»i TEm .
avir 'l GpSE

- — — -0y
nm%b/(m* ﬂ]ﬁ%z{l ®
Crsz yT CpsgtiT

0 a0 /AR R
Us ~<B aro<niw



44.

was decided to perform the sipae experiment as above, giving
the subjects #S5cc of "Infundin" (B.W.& Co) hypodermically
and taking the blood sugar at fasting and 10, JO, 60, 90
and 120 minutes after the injection of the pituitrin. The
experiment was carried out on

A* Hormal Diet, and
B* "Ketogenicll Diet.

The results are tabulated in Table VIII and a represen-
tative curve and a composite curve shown in Chart IV, the

remainder of the graphs being found in Chart IVa.
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The hyperglycesemic effect wag not so marked as that of
sdrensline and in two of the cases on nomal diet produced
no rise in the blood sugar level. It was noticed that in
every one of the subjects marked pallor of the skin was
produced and all complained of cramp~like abdominal pains.
These symptoms lasted for at least thirty minutes after the
injection.

In cases IIT snd VI no hyperglycsemia was produced. In
cases I; XIV and VII the rise, though slight, was quite
definites - In case II the hyperglycaemia &t 10 and 30 minutes
was marked but the festing level had been regained by one hour.
Case V gave a prolonged hyperglyceemic reaction. This case
reacted well to adrensline as has already been noted.

On normsl diet, therefore, only a slight hyperglycaemis
oceurs after the injection of .566 of pituitrin.

On ketogeniec diet the response is very similar, the
difference being that the level of the blood sugar is lower
but the percentage rise is practically the s ame. In oases
I and IIT there was no definite hyperglycsemisa. Case IIT
reacted not &t 81l to pituitrin on either diet and e similar
‘"tolerence" to insulin was drawn. This is in marked contrast
to case V who responded well to adrenalin, insulin and
pituitrin. Both these children gave similar responses to
the ingestion of glucose and there seemed no spparent reason

why/



46.

why they should differ so masrkedly in their response to
these endocrine substances.

In cases II apnd V, the rise in slightly less than on
nomal diet but in cases Iv, VI and VII the hyperglycaemisa
is slightly more marked on ketogeniec diet.

A ketogenic diet therefore doeg not seem to sffect in

any way the action of pituitrin.

Part V
Sugar Todersnce after "Pituitrin Feeding".

By the term "pituitrin feeding" is meant the giving of
e5ce of Infundin four times dhily for two days to the aﬁbjeet
of the experiment and on the morning of the third day an
amount of glucose equal to 1 grm. of glucose per kgrm. of
body weight is given and the blood sugar estimsted at fasting
and &, 1. 1%, and 2 hour periods after the injection. As
the "pituitrin curve" was estimated the afternoon previous
to the dsy upon which this "pituitrin feeding" process was
commenced, it meant thet the child received over & pericd
of éb hours 4.5c¢ of pituitrin subecutansously. This process
was carried out on

A. A Normal Diet, amd
B. A "Ketogenic" Diet.

The results are tabulated in Table IX. Chart V shows
a representative case and the composite curve. For comparison

the glucose curves without "pituitrin feeding"rare also given.



BLOOD SUGAR CURVES AFTER GLUCOSE

TABLE 1X,

on "Pituitrin Feeding"

Glucose Percentage (mgs) Of Blood Sugar.
after -
Age (Pit. Fasting Minutes after Glucose. .
CASE, Yrs. jgms. WH@H. Level. 30, 60, 90, 120, 150, URINE.

1. 12, |28, O, . 089 152 1528 ,120 .127 Nil,.

F, .094 146 ,196 ,156 ,131 122 Acetone +
HH.. HO. mQ- O. nomo .O@O .HMWO .HNN QH“—-H - zua.uln

7, 094 152 .211 .,206 .187 .177 Acetone +
HHH. H.O- NN. OQ comp .Hom .H@O .H.um QHON — ZHHQ

F, 077 196 806 236 ,286 ,172 Acetone +
1v, 11. 128, 0. .089 «146 (148 ,135 ,100 = Ni1l.

r,. .069 129 ,168 177 ,129 = Acetone +
<. HN. w*. O- QH_’HN leP .Hmm QHNQ CHO”W hnd ZHH. +

F. .100 | ,164 ,189 ,187 ,179 = Acetone
4<‘Hl HHI NQI O- lu.-oo CHHN .HOG QHO# bd - ZHH. *

F. 089 .104 ,139 ,129 ,087 -~ Acetone,
./NHHQ w. Nm. Ql .Hew lewN IHp—N IHN@ CO@Q - , ZHH- -Ilwc

”m.c nomH qu-p-ﬂ QNHp on_..mm QHNN - .POQ.HOHPO.
COMPORSITE 0. 098 .1%36 ,145 ,125 ,107 = +

CURVES F, 086 .148 ,189 ,179 ,155 = Acetone
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The effect on the tolerance for glucose is interesting
In every one of the cases the curve was lower, the maximum
blood sugar value being less than that where no pituitrin
had been administered, and the value at the end of the two
hours was nearer the fasting level*

One/
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One case, A.H., not included in this work, showsd a
blood sugar curve with 22 grm. of glucose as follows,

- P.B.S. © &hr. lhr, 1lihr. 2hr.
0113% .201% +208% «166% «109%

and glycosuris was present. He was given «5c¢e pituitrin
four times daily for three days and the test repeated with
the following result.

© FeB.S. hr. lhr. 1lzhr. 2hr.
.085%  .162% +184% .105% 0053%

and no sugar appeared in the urine.

Though the results detailed above show that the
difference is slight yet it is congistent snd it seems. as
though the injJection of pituitrin had inereased the tolerance
for glucose.

On & ketogenic diet much the same sort of resuit was
obtained. In case I at two hours the curve was still at
+193% while after "pituitrin feeding" it had fallem to .131%.
In e;se Ii the blood sugsr was still rising at the two hour"
period, being «231% whereas after pituitrin the value st
the end of the tes% was .177% only, 1In cases IV, V and
VII the results are somewhatﬂsimilar. In case VI the curve
after "pituitrin feeding" on high fat diet is lower than
that obtained after glucose alone on a normal diet.

The injection of pituitrin, therefore, over a short

‘‘‘‘‘‘‘‘‘ 1

period/
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period increases the tolerance for sugar and this effect
is just as marked on & ketogenic diet as on a normsl diet.
Discussion.
(36) |

Menn and Megeth have demongtrated that there is no
rige in blood sugar after the injection of pituitrin if
the liver is removed and claiéa)has shown that the muscles
are not the cause of pituitrin hyperglycaemia. The source
of the increase in the blood sugar content, therefore, would
seem to be the liver. It is well known that pituitrin,
_glven to & patient suffering frém insulin overdosage,
produces the same effect as an injection of sdrenalin; a
relief in the symptoms of hypoglyeceemis and an increase in
the content of the blood sugar. One might conclude on
these grounds thet pituitrin produced an incresse in liver
glyeogenolysis. If this were so and the reaction was
similer to that of adrenslin, one would expect & change in
the response such as occurs with adrenalin during & ketogenie
diet. No such change in response can be demonstratéd.
Some other factor must control pituitrin hyperglycaemia than
~ the gjycogen content of the liver.

A reasonable exphanation to expdain why "pituitrin
feeding" should inerease the sugar tolerance does not

present'itself. It might hsve been expected since a high
fat/
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fat diet caused a decrease in sugar tolerance that
"pituitrin feeding" would have enhanced this effect since
Coope and ehamberlaiiB)showed that pituitrin incresased
markedly the fatty acid of the liver, but this was not
S0, MbKinla§4 demonstrated that pituitrin increased the
basel metabolism and this may have some bearing on the

increased ability of the tissues to utilise glucose.

(34)
Blottner gnd Pitz suggested that pituitrin molibised
(45) (46)

insulin. Stenstrdm sand Burn showed thet pituitrin
prevented the hyperglycaemis of adrenaline sand this
antagonism might be due to pituitrin mobilising insulin.

If therefore, pituitrin increased the production of insulin
the inerease in sugar tolerance might be the result of an
ineressed utilisation by the peripheral tissues of glucose,
brought sbout by this inerease in insulin. Since it is
tﬁe muscles which are concerned in this 1ncreasqfutilisation
of sugar there would be no‘differenee in response while

on a ketogpnid diet which as sdreneline and insulin (in

the following section) have%;;:;;'ehiefly seens to affect
the function of the liver.

This hypothesis might be a reasocnable one if it were
known only thet pituitrin antagonised adrenaline znd
mobilised insulin but the contrasdictory fact that pituitrin .
also antagonises inéulin action has been demonstrated by

(

Burn
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Bu£§§)and this work has been econfirmed by others. There
- 1s also the elinical fact thet pituitrin counteracts the
effeot of insulin overdosage in hypoglyeaemié attecks.
000937 showed that the incregse in the fatty acid of the
liver after the ihjection of pituitrin could be prevented
if insulin were slso injected. LambigS)and elaiéz)
demonstrated that if the liver were excluded this antagon-
igtic action of pituitrin did not exist, the liver being
necessary for its action, though this result may have been
due to the fact that the removal of the liver produces
hypoglycaemia in any case.

' Pituitrin inhibits the action of insulin, an action
similar to that of adrensalin, yet at the same time it
inhibits the action of adrenalin when injected along with
it. No theoxry cén be elaborated which explainé these
contradictory facts. |

Paxt VI.
Blood Sugar Gurves after the Injection of Tusulin.

The result recorded after the injection of adrenaline

while the subjects of the experiment were receiving a
ketogenic diet suggests that there is a decrease in the
deposition of glycogen in the liver and it is interesting
to view the results of insulin administration in the light
of this hypothesis.

The/



TABLE X,

B. S. CURVES APFTER INSULIN,
Percentage (mgs.) of Blood Sugar.
Units Fall in
Age of Fasting ]| Minutesafter Insulin Blood
CiSE.] Yrs. | Insulin DIET |Level |10.  B80.  60. 90, 120. 150.|' Sugar URINE.
1. | 12. 5. o, | .,104 ,094 ,100 ,094 .- ,089 = |10 mgs. Nil.
1. | 10. 5, 0. .107  .,104 .087 .,100 .109 - - {20 " Nii.
F, | .102 ,083 .065 069 .053 .055 ,030 |72 " F Acetone ++
111. | 10. 5. 0. .,103 .,125 ,100 ,094 .100 - - |Rise 22 Nil
0. | .082 ,084 ,075 ,097 072 084 ~ 7§ mgs.t
F, } .067 ,063 ,067 .056 ,063 .063 = 11 Agetone +
F. | 067 ,077 ,066 ,058 ,065 - - 109 Acetone +
0. | .104 .102 .067 .082 ,082 = - 37 Nil
., | ,100 ,091 ,081 ,077 ,055 ,069 = 45 Acetone.t
v, | 12. 5, o. | .116 .100 .087 .089 ,094 ,104 = 29 Nil
F. ,092 .094 ,072 ,077 .Q75 ,075 = 20 Acetone *+
vi. | 11. 5, o. | .os2 .089 .084 077 .082 - - 5 Nil
F. | .081 .072 ,042 ,042 ,035 46 ¥ Acetone +
vii. | o, 5. o. | .089 .089 .077 089 .085 - - |12 Nil
P, | .064 .058 ,053 052 048 ,043 = 21 * Acetone +
COMPOSITE 0. | .087 .100 .086 .090 ,090 ,092 -~ 9 Nil
CURVES F, |.081 L,075 .059 .059 ,054 ,061 - 2n Acetone.

F

Hypoglycaemic symptoms
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The dose of insulin throughout the experiments was
5 units (A.B.brand, B.-0-.H.) and samples of blood were taken
at fasting and at 10, 60, 90 and 120 minutes after the
injection. The investigation was carried out while the
children were on

A# Hormal Diet, and
B* "Ketogenic” Diet.

The results are tabulated in Table 21 and one represen-
tative curve and the composite curve shown graphically in

Chart YI. The remainder of the oases are shown in the graphs

in Chart Via*

Chart VI.
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On normal diet 5 units of insulin produced a very
slight hyggféiycaemic reaction. In cases I and VI there
was practically no change, a drop in value of 10 and 5 mgs.
of blood sugar only being noted, variations which lie within
the range of experimentel error. Cases II, V énd Vit
showed a more definite response, the maximum fall occurring
at the # hour and values thereafter rising agsin to fasting
level in 1% and 2 houré.

e;ses III and IV did not react to insulin in the
manner of the other subjecets in this experiment. A rise
of 22 mgs. in case III was obtained with an injection of
-5 units; on the test being repeated two days later a very
irregular curve wes the result, showing at the % hour a
drop in value of 7 mgs. in the blocd sugar and st the hour
period a rise of 15 mgs. In cagse IV there was s rise in
blood sugar of 27 mgs. 10 minutes after the insulin injection
and the curve did not return to fasting level till one hour.
The second test however produced the normal response, &
drop in the blood sugar of 37 mgs. being obtained. This
subject, as has been noted above, gave a similar reversal
of results with the adrenslin injection while on a ketogeniec
diet, though the'reéponse was normal on & second injection
being given four da&s later. The significance of these

varistions, if any significance &t all can be attached to

them/
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them, has been discussed in the previous section.

Burn and Maggz)found that the hyperglycaemis after
sdrenalin varies widely in different rabbits as does &also
insulin hypoglycaemisa. They demonstrated that in those
rabbits showing & marked hyperglycaemic response to
adrensalin, the hypoglycsemia produced by insulin is less,
a result which they consider to be due to adrenslin
stimulating the glycogenolytic function, snd the glyco-
genolysis so produced causing a decrease in the insulin
hypoglycaenis.

In these results no such correlation is found. In
cagses I and VI, where insulin had but 1little effect , the
rise obtained with adrenaline was less marked than in any
of the other cases. In case V ingulin produced a well
marked hypoglycaemic reaction yet the hyperglycaemisa
produced by the adremnalin was much above the average.

If the resction to insulin on normsl diet was not
striking the response after a ketogenic diet was quite
different. .In all of the cases but one the hypoglyesemic
reaction was marked and in three of the cases definite
symptoms of hypoglycaemis were noted.

The duration of time the subject was on the ketogenic

diet had but little bearing on the result. Cases V and
vi/
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VII were five days, I and II, six days, VI, eight days,
and IV, twelve days and the insulin had mueh the same
effect upon each. Case IV gave two practically psrallel
curves, though one was performed on the seventh day snd
the other on the twelfth day.

The level of the fasting blood sugar seemed to have
little influence on the resultant hypoglycsasemia as is

shown by the following figures.

Fasting |Lowest Fasting |Lowest

Case |Blood Sugar [value. |Cage|Blood sugar|values
I. «075% «040% | V. «092% .072%
II. +102% «030% | VI, «081% «035%

III. +067% .056% ViI. «064% «043%
Iv. +100% +055% |

(50)

This was commented upon by MacLeod who demonstrated
that in rabbits the level of the blood sugar existing at
the time of the injection 4f insulin and the steepness of
the initisl fall in blood sugar are not related, unless
the level be very high when the descent becomes somewhat
more rapid.

Case III, who reacted but slightly, seemed to have a
tolerance for insulin shared by none of the others, and

the/
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the response elicited was very slight. Similar indefinite
results have been recorded with this caese while on a normsal
diet.

In case I the blood sugar fell to .042% in % an hour
and remsined st that level till the 13 honr" period when
it had reasched a vselue of .040%. The two hour sample of
blood sugar was +064%. The subject showed no signs, and
complained of none o% the symptoms of hypoglycsemia. The
maximum effect of the insulin in case V occurs st the 1%
hour period, the blood sugar value being .055%. The
abtual fall in the blood sugar in case V was gnly 20 mgs.
but this lower value persisted till the 2 hour period and
the curve showed no tendemcy to regain the fasting level,
the effeoct being much more prolonged than on normal diet.

In case II there was a sharp drop to .065% at the
% hour but the blood sugar continued to fall aﬁd 22 hours
after the injection of insulin the value was only .030%.
About i hour before this last specimen of blood was taken
the child became very flushed, emotional, and complained
of severe frontsl heedache and 1assifude. She wes given
20 grm. of glucose and her evening meal and in 30 minutes
the blood sugar was .060% and the child was quite well
sgain. ' '

Case/
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Case VI showed a similar sensitiveness to insulin.
Phe blood suger fell rapiday to .042% at the % hour and
continued %o fsll t1il11 at the 13 houi period the value
wag «035%. At the # hour or thereabouts, the boy became
drowsy, éale, perspired freely and complsined of "feeling
queer". This lasted for one hour, the symptoms remaining
the same and not increasing in severity until the 1% hour
period when glucose had to be given. In 4 hour the
blood sugar had risen to .104% and he was quite recovered.

In case VII the blood sugar fell to .055% at the
% hour and continued to fall t1ll at 2 hours the value
+043% was reached. Between the ¥ hour and the 1 hour
peri;d the boy complained of “"feeling 11ll"; he was very
flushed and perspired freely. By the 1y hour period he
had recovereé and said he was, and seemed to be, quite
well, though the blood sugar value was actually lower than
before.

From a study of these cases conclusions may be drawn
regarding the level of blood sugar at which hypoglycaemie
symptoms occur. Case I showed no symptoms though the
blood sugar was between .04a7 and .0457 for at Reast one
hour. 1In case BI symptoms were manifest when the value
.042. was reached but inoreased in severity at the level
off
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of .035%. 1In case II symptoms appeared near the value
.030%. " Gese VII had symptoms with a blood sugar content
of ,653% but these had cleared up when the value was .043%,
i.e. loﬁer than before. “
It would seem that the blood sugar level st which
higpoglycaemic symptoms supervene lies somewhere near «040%
and +050%. MacLeod et g_l_g_l)found that in rabbits ,
hypoglyc;emie oonvulsions occurred when the blood sugar
level was, on the average, .045%; the lowest level at
which no convulsions oecurred béing +037% and the highest
level at which & convulsion occurred beiﬁg «063%. Mann

(52)
and Magath also found that in dogs the hypoglycaemic level

varied between .060% and +030%. Talbot, Shaw and Mo’giags-)
report, in epileptiéa who weré fasted for 10-14 days,

blood sugar levels of an average value of .046%. One of
the ir cases with acidotic symptoms hed a bloodisugar eontent
of .038%. Weymuller and Schloss record blood sugar
velues as low a8 .042% and .035% without any symptoms of

hypoglycaemia. Two digbetic ehildren, under treatment

N
‘in the Royal Hospital for Sick Childre, while suffering

from hypoglyeaemic symptoms showed blood sugar values of
+037%. One of the children, who frequently took hypo—

giycaemie convulsions slways registered this low level

du ring/
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(21)

during the attack. Widnas »reports in a diabetic a blood
sugar of .038% without any hypoglycesemic symptoms. As
already repor%ed in this paper,a child after an eight hour
fast had a blood sugar eontent of «040% on two oceasions
and was not disturbed in any way. F

Some workers have considefed that some of thse symptoms
of ecyclical vomiting and of acidogis are due to the low
blood sugar and strength is given to this view because the
edministration of glucose in these conditions relieves the
symptoms. It can be seen from the above however that
though & low blood sugar fﬁ§¢5?°§ﬂf3aﬁ~f?fp°g%iﬁfifffﬁfuo. " '
attack there are other occasions when the suga§4superveneoa
Some other factor would seem to be necessary, combined with
the lowering of the blood sugar, before manifest symptoms
are produced.
Discussion.
It is obvious from the above results that while on a
ketogenic diet the hypoglycaemic action of insulin is
sccentuated and that there is only a slight tendeney for
the blood sugar to regain its normal fasting level. Is
‘& decrease in the glycogen contemt of the liver suffieient
to.account for thia?

When insulin was given to depancreaxised dogs it was
found that glycogen was deposited in the liver and it was

thought /
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thought, therefore, that the liver under the influence of
insulin removed the sugar from the blood stream and
converted it into glycogen. Dudley and Marri;23)and
Babk1n4 found, however, that rabbits fed on carrots and
then injected with insulin, showed a reduction of glycogen
in the liver and skeletal muscles. Fisher and Lackégs)
demonstrated similar results in dogs. Others have worked
at this problem and found more or less the same results
and so far no one has conclusively demonstrsted that
glycogen formation in the liver is primarily a factor in
causing the fall in blood sugear after insulin administration.
Whatever the cause of the increased response to insulin
while on a ketogenic diet it is not likely to be due to &
stimulation of the glycogenic function of the liver.
Further research was done by various Workers on the
problem of what happened in the normal snimal when insulin
wag given and Burn and Daigé)showed that the skeletal
nmuscles sre largely responsible for the disappearamce of
dext rose under insulin. This was confirmed by Best, Hiet
and.Marké?7) cd§1 and coéga)found that along with the
decreage in liver glycogen there was an increase in sugar
oxidation and later they came to the canclusion that the
deorease in deposition of glycogen in the liver under the
sotion of insulin was due to an increase in the utilisation

of/
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(60)
of absorbed sugar in the peripheral tissues. Macleod

and his co-workers have shown that during the active
absorption of carbohydrate large amounts of insulin cause
glycogen to be deposited in the museles this being
accompanied by a corresponding decrease in the amount
deposited in the liver. Mann and Macgaégl)dsmonstrated
that the presence of the liver was not necessary for the
hypoglycsemic &ction of insulin although they did not
consider that this precluded the liver from being indirectly
involved in the action.

It might be, thefefore, that the peripheral tissues,
under the influence of a ketosls or acidosis absorb more
sugar from the blood stream than normally and so preventgf
the return of the blood sugar to & normsl fasting value.
PThat this is an unlikely explanation is shown by the reaction
of the organism to glucose, the hyperglycaemis being marked
and prolonged, not reduced as it would be were the tissues
utilising sugar at & quicker rate than usual.

The change in the acid base equilibrium which is
produced by an efféctive ketogenic diet might quite
possibly have an affegt on the response to 1nsuli?gg?t it
is interesting to note in this connection that Page fed
rebbits on sn aeid forming diet and found that they were

more resistant to insulin. This acid forming diet csaused

- af



62.

8 rich_deposit of glycogen in the liver so it would seem
that the amount of glycogen in the liver was of more
importance than the disturbance in ac id-base equilibrium.
Also there is no ketosis accompanying the latter disturbance
in acid-base balance as there is in the acidosis of a
ketogenic diet. If the results reported here are due to
a depletion of glycogen in the liver is the ketosis the
 important factor, and not the acidosis, in producing this
depletion? BT

Is there, then, a marked reduction in the deposition
of glyéqgen in the liver? Mann and Magaégl)have shown
that the hypoglycaemic action of insulin does not depend
primarily upon the liver but that unless the liver is
present no recovery of blood sugsar oceurs. Phat it 1is
not the mnseléa which eontribute to this recovery after
inéulin hypoglycaemia was demonstrated by ﬁ%llman. Mann
and Maegaéﬁ;)who proved that the glycogen of the muscles
is incapable of rapid conversion to glucose to maintain
the level of sugar in the blood. Besgt, H:et and Maré27)
demonstrated that no decrease of musecle glycogen oceurred
in insulin hypoglycaemia unless severe convulsions took
place. That the prolonged action of insulin is not due
to any inhibition, by the ketosis or aecidosis of the

(63)
adrensls was shown by Stewart and Rogoff who found that

the/
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the action of insulin on rabbits which had survived tle
complete removal of the sdrenals wes the same as in the
normal animal.

In the light of this knowledge the results of the
above experiments would seem to point to there being a
defieiency in the glycogen storeg of the liver and that
this is the reason for the incressed and prolonged insulin
action. Others workers ,who have investigat#d,this problem
carried out their experiments on animals andm‘in a
position to estimate the glycogen content of the liver.
Macleod et algé‘“:foﬁnd that in rabbits, the richer the
glycogen content of the liver the more resistant to insulin
they were. Bura and Ma:i'lzg)demonstrated that after feeding
thyroid for 18 days to rabbits they showed an increased
senaitiveness to insulin and on estimating the glycogen
c;anfent of the livers it was found to be reduced. Raper
and Smith slso found in decerebrate cats from which the
pituitary body had been removed ,that insulin produced &
more marked effect when the glycogen of the liver was
reduced. Lawrencgé)has also pointed out that in patiemts
guffering from diabetes mellitus, insulin is much more
effective when the glycogen stores are empty.

The conclusion can therefore be come to that whatever

the/
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the cause there is a depletion of glycogen in the liver.
BlatherwisK and his co-WOrkel(fg7 have shown that an acid
forming high carbohydrate diet can lay down glycogen in
the liver and muscles so that it does not appear as though
the acidosis per gse interfered with the glycogenic action
of the liver and it may be that it is the ketosis which

is the important factor in the disturbance of carbohydrsate

mnetabolism. -

Rert VII.

"The Laevulose Test"

Whatever the reason, ketogenic diet lowers the tolerance
for glucose and evidence has been presented in parts III
and VI to the effect that there is probably a reduction of
the glycogen content of the liver. This depletion of liver
glycoéen may aot be due to any failure on the part of the
liver to perform its glycogenic function, but may oceur
because of the heavy demands made upon it to supply the
body with the necessary carbohydrate which it fails'to
receive on a high fat, low carbohydrate diet. If, however,
there is an actual reduction in the ability of the liver to
perform its glycogeniq function then one might expeet the
"Leevulose Test" to be positive. The Laevulose Test is
E&sed on the fact that there is no appreciable rise in
the/ |
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the sugar content of the blood after the ingestion of
laevulose in individuals in whom there is no disease of
the liver. If the hyperglycaemia obtained shows a rise
of over 30 mgs.% then the liver is considered to be
damaged. It w;s econsidered, therefore, that éome’further
evidence of liver disturbanee might be obtained if this
test were carried ont on

A. A Normal Diet, and
B. A "Ketogenic" Diet.

Seventeen investigetions were msde. The children
who were used as the subjects of the eXperiment varied in
age from 5 to 12 years. Thirteen of the children were
convalescent from chorea, two from Acute Rheumatism, and
one from Empyemsa. One case suffered from "Petit Mal™
end during the period of the experiment took frequent fits,
t»hé ketogenic diet having no effect whatever on their
frequency. |

To act as a control,blood sugar curves after 1 grm.
of giucose per kgrm. of body weight were estimated on

ordinary and on high fat diet. In one case only, case 14,

-the gurve obtained while on & ketogenic diet resembled that

on nbrmal diet. All the others showed a reduced tolerance
for glucose. Phe details of thig work are not given sinoce
they merely confirmed the findings of the first part of this

thesis.
The/
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The children were given 1 grm. of lsevulose (Mexck's
Pure)'per kgrm. of body weight and the sugar contént ofv
the blood estimated at %, 1, 1% and 2 hourly intervals.
'ﬂie urine was examined for sugar and acetone, specimens
being taken where possibie immediately after the sample
of blood had been removed.

The results are given in detail in Table XI.

The average percentage rise in the blood sugar after
the ingestion of lsevulose was only 17 mgso% and only one
of the cases, case 6, showed a rise of overFBO mgse%. This
being considered an unususl result the test was repéaxed
on two other occasions and e rise of 67 and 15% only
thainéd. Taylor—ahadwicgs has shownhthat océasionally
cases of chores with attendant heart lesions show an
intolerance to laevulose and that this may disappear after
an improvement in the general condition of the patient.
This may have been the case here though there was no very

definite change noted in the clinical condition of the

child. In two of the cases no rise was obtained at all

end in nine of the cases the increase was less than 20 mgs.j
On a ketogenic diet there is a marked reduetion in —/
the tolerance for laevulose. The average percentage \
increase waes 66 mgs.% and in sixteen of the seventeen cases
a/ » /

|



67.

a higher blood sugar curve was obtained than on a normal
diet.

In case 13 the test was performed after the child had
been on a ketogenic diet for two days only (a shorter
period than usual) and an inecrease of 44 mgs.% in the
blood suger was'registered. In order to diséover if the
longer period on ketogenic diet incressed the severity
of the disturbance of liver function the test was repeated
four days later and a rise of 22 mgs.% only obtained,
though the maximum blood sugar value ﬁas equal on both
ocecasions and the fall was more delayed the second time,

In six of the cases the blood sugar value inscreased
over 70 mgs.%. The asctual inerease in mgs. was only 85
but the percéntage increase was éo high because of the
very low fasting blood sugar of .040%. 1In only one,
cese 3, did the value of the blood sizga'r rise above «170%
and glycosur ia was present. In none of the other eases-
did glycosuria arise though four of the cases showed blood
sugear yalues above .140% which is supposed to be the renal
threshold for laevulose: Grah;gg found lesevulose excreted
though the blood sugar value never exceeded .150% and
Spence and BreéEO)found laevulosuria at levels varying
from .097% to .135%. They pointed out however that the
threshold seemed to vary widely in dlfferent individuals.

In/
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In a case of jaundice ,M.M.,considered to be caused by a
neoplasm of the liver, glycosuria occurred though the
maximum value recorded was only .117%. Two months later,
vwhen his condition was much 1mproved“no glycosuria resulted

though the lsevulose cirve reached a value of .131%.

Discussion.
. (71)

Cathecart and Markowitz suggested that laevulose
cannot be oxidised as such but musgt first be converted to
glucose in the liver. Mann and thaégé)fed laevulose to
liverless dogs but this did not produce any effect on the
hypoglycaemis and no g1u09§e was deposited in the muscles,
as occurred after the ingestion of glucose in hepatzc-
tomised animals. @ogﬁ and 09£Z2)consider that the liver
is of greater importance in the removal of laevulose from
the blood stream than it is in the case of glucose. The
liver has first to convert the laevulose to glucose and
then this glucose is utilised by the liver to form glycogen.
Since the liver is of more importance in this action of
glycogenesis than the peripheral tissues with respect to
lesevulose it seems probable that the ability of the liver
to convert glucose to glycogen has become impalred and
that, in conseguence, the liver becomes depleted of its
stpre of glycogen.

I consider, therefore, that, in a ketogenic diet

acidosis/
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acidosis, there is s depletion of glycogen in the liver
and that this is due to a decrease in the capacity of
the liver to deal with glucose brought to it by the blood

 gtream.
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SECTION TV.

The Blood Sugar Curve after the Administration

of Ammonium Chloride.

A "ketogenic" diet produces a non-gaseous acidosgis,
hawing a diminished alkaline reserve and an accompanying
ketosis. The administration of sufficient amounts of
Ammonium Ghloride results in a similar acidosis but in
this case there is no ketosis. Now the reduction in
carbohydrate tolerance occurring with a low carbohydrate
diet may have been due to the acidosis, the ketosis or the
deé;;éééd‘metabolism of carbohydrate failing to provide
the sugar needed to enable glucose to be gquickly utilised.
If there is found a similar reduction in the tolerance for
sugar when Ammonium Ghloride is administered one would be
able to coneclude that it is the acidosis whieh is the
important factor and that the ketosis or the lack of
earbohydrate had but little effect. On the other hand
if no such reduction in tolerance is prodused then the
ketosis or the change in the composition of the diet ia
the important fastor.

An investigsation, therefore, into the tolerance for
glucose and laevulose during Ammonium Chloride administration
was made. The results are detailed in Tables XITI and XIII
and/ | |
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and representative results shown graphically in Charts

VII and VIII.
Chart VII.
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The subjects of the investigation were nine children
convaleseent either from Rheumstism or Chorea. TPhe
quantity of Ammonium Chloride was calculated roughly from
the amount which HaldaéZB) used in his investigation into
its action. All the children who were more or less the
same weight were given 5 grme of Ammonium Chloride daily.
The number of days they receiwved the drug and the diet they
were given varied in each case and will be described as
each one is dealt with.

Case J.F. and F.F. were given Ammonium CGhloride for
four dsys and both showed an increased tolerance for glucose,
the curve being lower and the value returning sooner to
fasting level than on ordinary diet. On a ketogenic diet
both these children showed a reduced tolerance for glucose.
That the condition of acidosis has been definitely established
by the fourth day can be seen from the following table
showing the change in the COp content of the blood. This
blood esnalysis was carried out by Dr. N.Morris of the
biochemical department in the Royal Hospital for Sick
Children and to whom I am much indebted for the use of

these figures.

Qase. €02 Vol.%_

N-co Normal 285 ¢ & 0 2 0 » 0 s 68.2
gdays m&cl R 4.104.
" I I I IS Y 4003

N.u./
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Case. COo Vol.%

NQMO } Nom&l s e 000000000 s000 60.6
3d&y8 NH@I 0089 00 00000 401
6 H 'ﬂ‘ LI IR I I R S S R S N N W) 4;.8
9 " n es 00000000000 43.
13 n n eSS0 0000000000 4.].05A

JQF. Normal ® 6 8 0 06 2 8 8 806000 0 6607

9 days NH4¢1 ceserresenaan 49.1
19 = n tteesceasssne 45.8

The acidosis in these two cases at least has not
reduced the tolerance for glucose.

The next three cases, N.G., N.C. and J.F. were given
for 10 days previous to the test a milk diet plus 40 grm.
of sugar daily, this diet containing an adequate caloric
content for theirmspective weights. Then for seven days
in the case of N.G. and N.©C. and for thirteen days in J.F.,
5 grm. of Ammonium Chloride was given and then the sugar
tolerance estimated. In N.G. and N.C. a markedly reduced
tolerance was noted and gineosuria occurred in both cases.
In the case of N.G. though glyeqsuria ocecurred the blood
sugar did not show the prolongation .of hyperglycaemis
which was obtained on a ketogenic diet (case II in Sdction
IIT of this thesis). In J.FP. there was practically no
change in the blood sugar values from those obtained while
on ordinary diet. He showéd, however, glycosuria with
145 grme. of glucose whereas normally he passed no sugar

with/
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with this quantity of glucose.

€ases R.H., G.McD. and €.McG. were given Ammonium
Chloride for eight days and their tolerance tested. R.H.
and G.MceD. showed a definite reduction and C.McG. a slight
reduction in tolerance. The hyperglycaemia had gone and
the fasting level regained by the end of two hours. The
tolerance for a larger quantity of glucose wss tested in
these three cases. Re.He had slight glycosuria‘ﬁith 112 grm.
and G.McD., with 105 grm. of glucose, showed an abundant
glycosuria. On ordinary diet no glycosuria resulted with
these amounts of glucose. G.McG. had glycosuria with
140 grm. of glucose but unfortunately on normsl diet she
was unable to retain this quantity of glucose. €.McG.
was kept on the drug for sixteen days and the tolerance
estimated again and a lower blood sugar curve than that
obtained on ordinary diet was the result. The acidosis
of Ammonium Chloride persists for longer periods than
this as J.P. efter nineteen days showed & €0y vol.% of
45.8. G.McD. and C.McG. were given & milk diet, ;zithout;
the addition of sugar, but conteining their full caloriec
requirements, along with the administration of Ammonium
Chloride. G.McD. showed no change in tolerance but C.McG.
gave a definitely higher curve than before. She had been
by this time 24 days on the Ammonium Chloride.

C.McB's/
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C«McG's response to glucose after ten days on s
ketogenic diet showed a very marked lowering of the
tolerance for glucose, glycosurig oceurring after 25 grm.

of glucose only and the blood sugar estimations were as

follows.
F.B.S. shr. lhr. 13hr. 2hr.
+104% 1917 «251% «247% «162%

much higher than the results with Ammonium Ghloride.

In the next case, I.J., an ettempt was made to discover
if the durstion of the administration of the drug had any
effect. As can be seen from Table XIY there is little
change even sfter 24 dsys. She was given a milk diet and
the test repeated again but only & slight increase in the
hyperglycaemia is recorded, even after 32 days on Ammonium
Chlor ide. |

Since milk has a ratio of 1 of Protein and 1 of Fat
to 1.5 of Carbohydrate this milk diet is rather low in
carbohydrate compared to an ordinary mixed diet or the
milk diet containing 40 grm. of sugar. In order to
discover if this milk diet had any effect upon the
tolerance for glucose cases G.McD., C.McG. and I.J. were
given s milk diet for six to ten days and the tolerance
for glucose tested. G.McD. was the only one showing &
slightly increased hyperglyceemia and it was concluded that

the change in diet had little effect.

u./




LARVULOSE CURVLES AFTER AMMONIUM CHLORIDE ADMT,

TABLE X1ll.

Admtb 4 Diet No,., of PERCENTAGE (mgs.) of Blood Sugar, Rise in
of and days on |Fasting MINUTES AFTER LAEVULOSE Blood
CASE, H_mm44 Drugs. 4Am,Chl, |Level 0, 60, 90, 120, Sugar. URINE,
N.G, 30 0 - .129  ,117 ,152 ,100 077 23 - 17% Nil.
grm, { M*3+Am.Ch, |11. .100 .13 ,122 .082 ,113 34 - 34% Nil,
M+S+Am,Ch, |10, 104  ,122 ,151 ,141 ,113 47 - 45% Sugar.t
J.F. 21. 4) - .068 ,081 ,100 ,077 ,086 32 - 47% Wil,
R M+ S+Am,Ch, |11. 077 ,092 ,113 ,092 ,082 36 - 46% Nil,
R, H, 16. 0 - 079  ,079 075 ,072 ,069 - - Nil.
O+ Am,Ch., 8., 063 ,068 ,073 ,063 = 10 - 15% Nil.
G.MeD.26, L 0 - .085 ,081 .,089 ,089 ~ 4 - 5% Nil.
07Am, Ch, 13, ,082  .,082 ,082 ,090 = 8 - 9% Nil.
M+Am,.Chl, 7. .094  ,100 ,094 ,085 ,087 6 = 6% Nil.
N M - .109  ,109 077 ,075 - - - Nil.
ClcG.25 0 - 097  .114 .093 ,084 = 17 - 17% Nil.
O+ Am,Chl. 12 .104  ,115 ,107 ,113 ,113 11 - 10% Nil.
M*+im,Chl, 28 113 .134 ,113 114 - 21 - 18% Nil.
M - .094  ,106 ,097 .097 - 12 - 124 | Wil
nu. le- MO O — QHHN .HHO QHHN IHHO — - had ZMH.
O+Am.Chl, 11 .104 ,104 ,109 .292 ,090 5 = 10% Nil,
M+Am,Chl, 36 123,134 ,117 ,100 ,081 11 - 107 Nil,
M - 084 ,100 ,109 ,103 ,084 25 = 29% Nil.
1, MeC .20 0 - 098 ,106 ,111 .120 ,092 22 - 22% Nil,
Special Diet|=- .,104  ,104 ,117 .115 ,104 13 -~ 12% Nil.
Sp.D. Am.Chl| 9 119 122 137 125 .- 18 - 15% Nil.
O+4Am,Chl. 19 .,104 ,104 ,089 .089 ,089 - - Nil.
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MMcC. was given a diet of ordinary foodstuffs equal
in the ratios of Fat, Protein and Garbohydrate to that of
a milk diet and the tolerance estimated on this diet and
on the administration of the drug. The curves recorded
in her case are all within normal limits.

Two of the cases only showed curves at all comparable
with those described on a ketogenic diet. In the other
cases there is a slight reduction in the tolerance for
glucose but none of the curves show the delay in the return
to the fasting level which is so characteristic of the
IIdiabetic curve" obtained on a high fat diet.

The test was repeated with laevulose in seven of the

cascs.

Chart VIII.
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In one case only, N.C., was a reduction in the tolerance
for laevulose noted., J.F. showed both on a normal diet
eand during the asdministration of Ammonium Ghloride & hyper— |
glycsemia of over 30 mgs+% rise but this was equael on both
occasions. ‘

Discussion.

These experiments show that the acidosis produced by
Ammonium Chloride demages but slightly the ability of the.
orgenism to utilise carbohydrate and that it is therefore,
not the aeidc};is per Be which is the msin factor in the
caussation of the hyperglycaemia after glucose on a ketogenie
diet. The acidosis isr well developed by the fourth day
yet the blood sugar curve reveals no reduction in tolersnce.
L’enmgig)found that after 8-20 grm. of Ammonium snd Calc ium
Chloride for 29 days and with & €0, of 44 vols.% & subject
showed a curve lower than nomal wWheresas after ;, 17 day
fast the blood sugar curve was disgbetie in type though
scidosls was much less than when receiving Ammonium Chloride.
Haldmgz}, who showed & marked lowering of glucose tolerance
after taking a large dose of Ammonium Chloride,considered
thet this was due to an interference in the removal of sugar
from the blood stream. If this were 80 one might expect
that the hyperglycesemis would be prolonged but this is not

shown/
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shown in this series of cases.
We do not consider in the light of the above results,
that the acidosis is the most important factor produeing

the disturbanee in carbohydrate metabolism.
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- SECTION V.

The difference in the acidosig asccompanying Ammonium
Chloride sdministration and that produced by & ketogenie
diet, is that the latter shows scetonuris. Acetonewas
present in’varying amounts throughout the period of
administrastion of this diet and Brown and Grahithave shown
that no metter how small the quantity of acetone present
in the urine there is an accompanying asetonaemia. In
order to find out 1if this ascetonaemis, or rather, ketosis,
played any part in the disturbange in carbohydrate metabolism
the folldwing experiments were carried out.

Von Noordé14;§tates that glyecaemis and glycosuris oceur
after the sdministration of acetone sd that this condition
may be the result of a deficieney in oxygen. Morris and
Grahigs?who found that rabbits injected with 20% acetone
’showad a glight increase in the sugar content on the blood,
consider that "this slight rise cannot be attributed to
defective oxidation of the blood, slthough the possibility
gtill remains that ascetone inhibits the oxidation processes
in the cells". An attempt was made therefore, to give
rabbits'an tgeetonaemia” by injectihg scetone into the blood
st ream. After some days the livers were examined hisgtol-

ogically for sny change in structure or in glycogen content.

Phis/
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This was carried out in the following msnner.

Two rabbits, I and II, weighing respectively .6 and
 o75 kgrm. were given injections into the ear vein of 20%
acetone twice daily for a period of ten days. Rabbit iII,
used &8 & control, was given injections of nommal seline
so that any effect produced by the nervous disturbance
occasioned by the injection would be accounted for in this
rabbit. The quantity of acetone given equalled for the
first four days .8 ecc per kgrm. of body weight snd was
increased on the fifth day to «9 cc per kgrm and on the
seventh day to 1 ce per kgrm. The animals were housed
under similar conditions and all received the same diet.
The urine was tested daily for agetone but there was only
occasionslly a faint trace registered in the two cases
receiving the acetone injections.

After ten days the rabbits were killed by a blow on
the back of the hesd and poxtions of the liver, kidney and
pancreas immediately transferred to Absoluté Alcohol and
10% Formalin. These tissues, after going through the
va;iéus processes required, were stained by Best's Carmine
stain for glycogen and by Haemsalin and Eosin to &emonstrate

any structural changes.
No change in any of the tissues of rabbits I and II

could/
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oould be demonstrated, these resembling the tissues of
raebbit IXII in all respects.

Since the quentity of acetone may not have been
suffiecient to cause any change it was decided to repeat the
eXperiment with larger injections of acetone.

Three rabbits were again taken and rabbit VI weighing
1.1 kgrm. was used as the control animal receiving nomal
saline injections. Rabbits IV and V, both weighing 1.2
Kilos, were given 20% acetone and the smount given was
equal to 1 cc¢ per kg;m. of body weight. The quantity of
acetone was increased slightly with each injeetion and on
the evening of the fourth day both were receiving between
2.5 c¢e and 3 cc of acetone at one injection. On the
morning of the fifth day rabbit IV took a slight convulsion
after only .5 ee of 20% acetone and beceme parslysed in
the hind quarters. A; there was no recovery after 2% hours
the snimal was killed by & blow on the head and portions
of the liver, kidneys sand pancreas transferred at once to
10% Formelin eand Absolute Alcohol.

‘ ®he injections continued however for another six days
with rabbit V though the quantity of acetone given there~
after never exoeedéd 1.5 ces. twice daily. On the eleventh

day rabbits V and VI were killed and treated in & fashion

similar to the above.
Pigures/

——
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Pigures 1, 2 and 3'ére‘photagraphs of ‘the livers of

rabbits IV, V and VI stained with Haenalum and Bosin.
Rabbits IV and V appear normal 1n structure but that of
rabbit VI has empty'spaees in the cells snowing that some
substance, not preserved in the fixing'p:ocess,,hés been
removed. ‘The cells of rabbit IV do not appear so compact
as those of V though they are mﬁch more so thaﬁ thoge of
rabbit VI. | | |

There is a very striking difference in the three slides
stained by Best's Garmine Stain. Glycogen shows up as
dark granules. ‘ If there is an abundance of glycogen the
cells are packed with these granules. As can be seen
from photographs 4, 5 and 6 there is great varietion in
‘the concentrstion of granules in the cells of rébbtts IV,

V and VI.

Rebbit IV shows a fair amount of glycogen in the cells
around the central canal, there being less or none at all
in the cells st the periphery of the lobule. Rabbit VI
shows practically all the cells full of glycogen especially
sround the central canal. Rebbit V presents quite &
different appearance, there being prectically no granules
to be seen, except in a row or two of the eells next to

the centrsl canals of the lobules.

- Although/
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Althoughvfurther work will be done upon this
investigation the effect the acetone seems to have produced
upon the liver is very étriking. The liver of rabbit V
has been emptied of glycogen and rabbit IV who only
received acetone for four desys shows also some depletion
in liver glyecogen.

It seems légitimate to conclude therefore that acetone
per ge, with no restriction of diet, produces a depletion
of glycogen in the liver and a probable interferemse with

the glycogenie function of the liver.

[i wish to acknowledge here my indebtedness to the
Staff 6f the Institute of Physiology, Glasgow University,
and in particular to Mr. Fred Galrns for valuable help in

preparing the specimens and slidea.:]
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Conclusion.

In this theais it has been shown that there results
from the administration of a high fat, low carbohydrate
diet & reduction in the &bility of the body to deal with
glucose. Other workers have demonstrated that after a
period of starvaetion there exists & similar lowering in
the tolerance for carbohydrate to that described sbove
and various theories have been put forward to explain this
failure in metabolism.

With & high fat diet and during s fast there is &
disturbance in acid-base balance, a2 condition of ketosis
and a lasck of carbohydrate in the diet.

Du Vigneaud and Kagia)and Lennox glnsider that it
is the lack of carbohydrate which is the important factor.
Maclean and De Wesselg%;)and Fostéz6)consider that the
factor preventing excessive hyperglycaemia after the
ingestion of glucose was glycogen formation and that this
factor was stimulated by the hyperglycaemia itself. A
second dose of glucose given, therefore, on a falling
blood sugar produces no secondary rise since the glycogenic
funetion is slresdy stimulsated and gble to deal effectively
with the glucose. Lennoé?g)bearing this fact in mind,
considers it possible that the decreased metabolism of

carbohydrate/
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carbohydrate has failed to provide the sugar dis.posfmg'
mechaniam of the hody with the stimulation it needs so
that glucose is not quickly utilised end he is inclined
to believe that this factor is of more importance then the
disturbance in scid-base eqilibrium.

| Hendersgg7)has pointed out the intimate relationship
between acid-base equilibrium and glucose Jand Field and
4Newburé;718)consider that an increesed H ion consentration
has a depressing effect on sugar metabolism. Langfeldt',zg)
by administering scid, either per se or intravenously,
increaséd the H ion concentrAation of the blood and produced
an increased glycogenolysis. In the present work it has

' been shown that the acidosis produced by the administration
of Ammonium Chloride does not affeet the ability of the

. organism to utilise glucose in & manner at all comparable
to the failure experienced whila on a ketogenic diet.
Lenno:‘:cg)fonnd that the height of the blood sugar, during

a fast, inocreased with the durstion of the fast and not
with the intensity of the scidosis. We consider that it
is not the acidosis which is the factor in the lowering

of carbohydrate tolerance. 1In a case, A.F., of severe
olinical soidogis treated in the Royal Hospital for Sick .

Children the blood sugar (after glucose) was .331% and
the/
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the €0, of the blood was 30 vols.% at this time. The
next day, when the acidoais had g;ns and the €O, had
returned to nomal, being 72 vole,the blood sugar was
8till high being .2997 so that th; return of the acid-base
balance to nommal had not influenced the ability of the
tissues to utilise glucose. Haldézz)eonsiders that in
Ammonium Chloride acidosis there is & failure to store,
but not to oxidise glucose. In the alkalosis produced

by the ingestion of Sodium Biecarbonate (accompanying which
there is a ketosis) e failure to oxidise gluecose arises
and consequently & marked lowering in the tolerance for
glucose. eoﬁﬁ and eoéi have demonstrated that in the
gsunmer ketosis of rats there is a diminished capacity to
oxidise glucose and a decrease in the glucose tolerance.
It msy be, therefore, that in Haldaneszj)ease it is not
the alkelosis which causes the failuré to oxidise glucose
but the ketosis which accompanies it.

It is this factor of ketosis which seems to be the
importanb one, snd the striking depletion in liver glycogen
after the injection of acetone shown in Sectidn V of this
thesis goes to prove this point. The ketosis interferes
with the glycogenic function of the liver. Additional
proof that a high fat dlet decreases this function of the

liver was given by Ka& era. He found that the livers of

dogs/
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dogs fed on a carbohydrate poor diet formed much less
glycogen then those fed on a high carbohydrate diet, when
pggfused with glucose.

Is the failure in the glycogenic function of the
liver due to the ketosis inhibiting the action, or
prevent ing the production of, insulin? SQveringha£:7)Lw?m
consgidered that this was probably the case. But I have
shown that the sction of insulin is not inhibited by a
ketosis since, on the ketogenic diet, marked hypoglycaemia
reactions were elicited by an smount of insulin which on
a normal diet produced but a slight response.

I consider therefore that the ketosis inhibits the
glycogenic function of the liver and thet this is the
mein factor producing the reduction in tolerance which

accompanies the administration of & high fat diet.




-=000-
1+ Shaffer, P.A., Medmine (Baltimore) 1923, II, 375.
2. Bfown, M.J., & Graham, G. Aroh.Dis.Child (London) 1926, I, 3n2.
3+ Wright, S. Applied Physiology’(oxford) 1928, 416.

4. Taylor, A.E. & Hulton, F. J.Biol.Chem.(Beltimore) 1916,
Xv, 173

5+ Gray, H. Arch.Int.Med.(Chicago) 1923, XXXI, 241.
6. Goto, K. & Kuno, N., Arch.Int.Med. (Chicago) 1921, XXVII, 224.

7+ Benedict, S.R. Osterberg, E, & ”LMW" I., J.Biol.Chem.
(Baltimore) 1918, XXXIV, 209 & 217.

8. Msolean, H. Madern Methods in the Diagnosis and Treatment
of Disbetes and Glycosuria (London) 1927.

9. Bass, M.H., Am.J.Dis.Shild. (Chicago) 1915, XI, 63.

10. Hale-White, R. & Payne, W.W., Quart.J.Med. (Oxferd) 1925-26,
XIX., 3930

11. Maclean, H. & De Wesselow, 0.L.V., Quart.J.Med.(Oxford)
1920-21, XXIVm 103.

12, FPries, M.E., & Kohn, I.L., Am.J.M.Sc. (Philadelphia) 1925,
CLXX, 547.

13. Foster, G.L., J.Biol.Chem.(Baltimore) 19233 LV, 291.

14. Benedict, S.R. & Osterberg, E. J.Biol.Chem.(Baltimore)
1923, LV, 769.

15. Olmstead, W.H., &.Gay, L.E. Arch.Int.Med.(Chicago) 1922,
o XX1x, 384.

léo G'rah&m, G. Quart-J.Meda (OXford) 1922—23, XVI, 236'

17. Mackay, R. L., Biochem.J. (Cambridge) 1927, XXX, 760.

18. Greenwsld, I., Gross J., & Samet, J. J.Biol.Chem.(Baltimore)
8. Greenwald, I., * 7 1924, IXII, 401. |

19. Hstlehol, R. Acta.Med.Scandinav. (Stockholm) 19§4é6gup.8,
Pedim



20.
2l.
22

23,

24.

25,
26.

27.

28.

29;

30.
31.

32.

34+
35

36.
37

38.

Hgst, H.F., Lancet (London) 1925, I, 1022,
Widnas, K. Aota Paedit. (Stockholm) 1928 VIII Sup.I.
Goldblatt, N.W., Biochem.J.(Cambridge) 1925, XIX, 948.

Kefuera, N. J.Biochem.(Japsn) 1922, I, 333 & 389 (quoted
by Greenwald, Gross & Samet (18)

Southwood, Med.J.Austral. 1923, X, ii, 46Q, (quoted by

Cori & Ceni (79).
Staub, H. ZtSchz.jﬁKlin.Med.(Berlin) 1922 XCIII 89.

Kohn, J.L., Fries, M.E. & Felshin, G. Am.J.Dig.Child
(Chicago) 1927 XXXIV 857.

Severinghsaus, E.L., J«Biol.Chem, (Baltimore) 1925 ILXITI
p.XLVIII.

Du Vigneaud, V. & Karr, W.G., J.Biol.Chem (Baltimore) 1925
LXVI 281.

Lennox, W.G., K.Clin.Invest.(Baltimore) 1927 IV 331.
Salomonsen, L., Acta Paediat.(Stoeckholm) 1929 IX Sup.X.

Ross, S.G., & Joseph, H.W., Am.J.Dis.Child.(Chicago) 1924
IXVIIT 447.

»~
Telbot, F.B. Shew, E.B. & Momiarty, M.E., J.A.M.&.(Chicago)
| IXXXIIT 91.

Weymuller, C.A. & Schloss, O0.M. Am.J.Dis.Child. (Chicago)
| 1927 XXXIV 549.

Blottner, H. & Fitz, R. J.Clin.Invest.(Baltimore) 1927 V 51.

4, J.J.R., Garbohydrate Metabolism and Insulin .
Miacleod, ' hs (London) 1926.

Mann, F.C., Medicine (Baltimore) 1927, VI 419.

ins, W.S., Shelling, P.H. & Byron, C.S., Am.J.Physiol.
Gollins © (Baltimorei 1927'Lxxxx 689.

' e A : .
{ ©.F.. & Cowi, G.T., Proc.Soc.Exp.Biol.& Med. (New York)
Gokt, G.T-, 71929 XXV 345.




40.

41.

42.
43

44
45

46..

47
48.

50.
S1.

52.
53+

54.
55.

56.
57

58
59.

Bur, J.H., & Marks, H.P., J.Physiol.(Cambridge) 1925 IX 131.

' N Veder: :
McDagell, L. & Mgerhill, F.P., JuBiol.Chem.(Baltimore) 1917
_ _— . IXIX 245.

Bfllmen, J.L., Mann, F.C., & Megath, T.B., Am.J.Physiol.
(Baltimore) 1925 LXXIV 238.

. A :
Clark, G.X., J.Physiol.(Gambridge) 1927-28 IXIV 324.
Coope, R. & Chamberlain, E.H., J.Physiol.(cambgidge) 1925
IX 69.

MeKinlay, C.A. Arch.Int.Med.(Chicago) 1921 XXVIII 103.
StenstrBm, Th. Biochem.Ztochr.(Berlin) 1913 LVIII 472.
Burn, J.H., J.Physiol.(Cambridge) 1923 IXII 318.
Coope, R., J.Physiol.(Cambridge) 1925 LX 92.

Lembie, ©.G., Brit.J.Exp.Path.(London) 1926 VII 22.
John, H.J., Arch.Int.Med.(Ghicago) 1928 XLII .217.

Macleod, J.J.R., Physiol.Reviews (Baltimore) 1924 IV 21.

Banting, E.G., Best, €.H., €ollop, J.B., Macleod, J.J.R.,
& Noble, E.€., Am.J.Physiol.(Baltimore) 1922 IXII 162.

Menn, F.C., & Magath, T.B., Arch.Int.Med.(Chieago) 1922 XXX 73.

Dudley, H.H. & Marrian, G.F., Biochem.J.(Cambridge) 1923
XVII 435.

Babkin, B.P., Brit.J.Exp.Path.(London) 1923 IV 316.

Fisher, N.F. & Leckey, R.W., Am.J.Physiol.(Baltimore) 1925
LXXITI 43.

Burn, J.H. & Dale, H.H., J.Physiol.(Gambridgg%x1224-25

64.
MARKS, Roy.
Best, C.H., Hoet, JsPo, Shenls, HePe, PrOQ'SOCO(London)
_ 1926 B10O p.32.
Coli, G.F., & Coki, G.T., J.Biol.Ghen.(Baltimore) 1927 IXX 555

coli. ©.P. & Gcai, G.T., J.Biol.Chem.(Bsltimore) 1928 L§XVI,
’ | 55-




60.
61.

62.
63.

64

65.
66.
67.
68.
69.
704
T1.

72.
T3

T4

76.
77
78.

B&rbour, Ao:D., Chaikoff JoIlo, M&QleOd, JedRe, & Orr, M.P.
Am.J.Physiol. (Beltimore) 1927 LXXX 243, ’

Menn, F.C. & Magath T.B., Am.J.Physiol.(Baltimore) 1923
LXV 403.

Pags, I.H., Am.J.Physiol.(Baltimore) 1923 LXVI1.

Stewart, G.N., & Rogoff, I.M., Am.J.Physiol.(Baltimore)
1923 IXV 318 & 342.

McCormick, N.A., Macleod, J.J.B., Noble, E.C., O!'Brien, K.
L.Physiol (Cambridge) 1925 LVII 234.

Raper, H.S., & Smith E.C., J.Physiol.(Cambridge) 1925 LX 41.
Lawrence, R.D., Quert.J.Med.(Oxford) 1926 XX 69.

| . v
Blstherwié®, N.R., Long, M.L., Bell, M., Mazwell, L.C.,
& Hill, B., Am.J.Physiol.(Baltimore) 192% LXK 155.

Taylor; Chadwick A., Arch.Dis.Child.(London) 1928 III p.l1l79.
Graham, G. Lencet (London) 1921 Y 951.
Spence, J.c}, & Brett, P.C., Lancet (London) 1921 II 362.

Cathoart, E.P., & Markowitz, J. J.Physiol.(Gambridge) 1927
IXYIXIY 309.

Coki, G.F., & Co®i, G.T., J.Biol.Chem.(Baltimore) 1926 LXX
- 577«

Hel dane, G.B.S., Wigglesworth, V.B., & Woodrow, C.F., Froc.
Roy.Soc. (London) 1924, B96 1.

Von Noorden, €., Mbtaboiism and Practical Medicine (London)
1907 IITY 1099.

Morris, N. & Graham, S. Arch.Dis.Child (London) 1927 II 212.
Foster, G.L., J.Biol.Chem.(Baltimore) 1923 LV 303.
Henderson, Y. Physiol.Reviews (Bsltimore) 1925 V 131.

Field, H., & Newburgh, L.H., J.Clin.Invest.(Baltimore)
1927 IV 447.

Langfeldt, E. J.Biol.Chem.(Baltimore) 1921 XLVI 381.

]




80. Go#i, G.T., & GcBi, C.F., J.Biol.Chem.(Baltimore) 1927
IXXIT 615.

81. Ka%hera, N. J.Biochem.(Japan) 1923-24 205 & 407 (quoted
: by Greenwald, Gross & Samet (18))




