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PREFACE

f i l l s  work was carried  out in  the Medical Wards o f  the  

Royal H ospital fo r  Sick Children, Glasgow and before sub
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ledge my indebtedness to  P rofessor Leonard Findlay at whose 

suggestion  t h i s  in v estig a tio n  was begun and under whose 

help and guidance i t  was carried  out. I  o ffe r  to  him my 

most sincere thanks. To Dr* M.Morris, o f  the Biochemical 

Department, I  a lso  owe a debt o f gratitud e for  h is  encour

agement and th e  help received  regarding the tech n ica l s id e  

o f  th e work*
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In troduction*

I t  has long been known that disturbance in  carbohydrate

metabolism frequently  leads to  an appearance o f ketone bodies

in  the urine* 3This has u sually  been assoc ia ted  with a

fa u lty  interm ediate oxidation  o f fa ts  and f k e to s is* , indeed,

i s  taken as demoting an appearance o f  abnormal fa tty  acids

in  th e  blood* In the domain of d isease in  infancy and

childhood there i s  frequently  met the condition  o f acetonuria,

u n t il  recen tly , wrongly considered pathognomonic e f  acidosis*

f h i s  cond ition  o f acetonuria, or b etter , k e to s is , has been

attr ib u ted  to  a defect in  carbohydrate metabolism, or as 
O)

Shaffer has put itc a r b o h y d r a te  starvation", and has been 

trea ted  by adm inistration of glucose* During th e  course 

o f an in v estig a tio n  in to  th e phenomena o f k e to s is  in  ch ild 

hood, i t  was found that there was a d e fin ite  disturbance in  

carbphydrate metabolism, suggesting that the symptoms and 

biochemical m anifestations associa ted  w ith  k e to s is  may be 

th e resu lt o f a primary upset in  the interm ediate metabolism  

o f fa t ,  w ith the carbohydrate disturbance as a secondary 

occurrence •

She work d eta iled  in  the present th e s is  was undertaken 

with the view o f throwing more lig h t  on t h is  problem. Early 

in  the course of th is  in v estig a tio n  i t  was found th a t  

glycosuria  was frequently m anifest in  conditions o f k e to s is

and/



and a c id o s is . I t  was therefore necessary to  have some 

standard o f the normal and so the normal to leran ce for  

glucose and the renal threshold  in  healthy ch ildren  were 

in v estig a ted .

The f i r s t  two sec tio n s are devoted to  a consideration

o f
(1) The Glucose Tolerance Test 

and (£) The Renal Threshold for Glucose.

In the th ird  sectio n  the e f f e c t  o f  K etosis on the blood

sugar eurve i s  considered together w ith  a study o f i t s
Cf*in fluence on the action  o f those endoenine substances which

are known to  be o f importance in  carbohydrate metabolism,
(n

namely adrenalin , s i s u l in  and p itu it r in . This section

concludes w ith  an in v estig a tio n  of l iv e r  function  in  k e to s is

by means o f th e  laevu lose t e s t .

As the condition  o f  k e to s is  produced in  th is  se r ie s  o f

in v estig a tio n s  i s  associa ted  with an a c id o s is , as was shown
( 2 )

by Brown and Graham, i t  was th erefore  necessary to  determine 

whether the re su lts  obtained were due to  th e  a c id o s is  per se 

ana not to  the e f fe c t s  of the ketone bodies. In  sec tio n  

four carbohydrate metabolism i s  studied in  an a c id o sis  

produced by Anmonium Chloride which i s  not associa ted  with  

a k e to s is .
Section  f iv e  contains the report o f a prelim inary se r ie s  

o f in v estig a tio n s  into the h is to lo g ic a l changes produced by 

acetone with sp ec ia l reference to  the glycogen content o f  

th e /



the l iv e r .  In  the concluding section , s ix ,  the general 

fin d in g s are b r ie f ly  discussed and an attempt i s  made to  

draw conclusions based on these findings*



SBQEIOH I . 

glucose to leran ce E eats.

W ithin recent years glucose to leran ce has been used 

as a means o f in v estig a tin g  disturbances of carbohydrate 

metabolism, e sp e c ia lly  when fo llow ing disorders of th e  

endocrine system* In such t e s t s ,  i t  has gen era lly  been 

accepted th a t a normal adult o f 60  kgrm weight can in gest  

and m etabolise 100 grm* of glucose without th e  appearance 

of g lycosu ria . The a b i l i t y  to  deal w ith more than t h i s  

amount i s  considered evidence o f an increased carbohydrate 

to leran ce , and the presence o f  g lycosuria  fo llow ing the 

in gestion  o f l e s s  than 100 grm* points to  a decreased 

to leran ce . In the case of ch ildren  i t  has been customary 

to  consider th at there i s  an increased carbohydrate to le r 

ance i f  more than 2 grm. of glucose per kgrm of body weight 

can be ingested  without the appearance o f g lycosuria .

j h is  view o f carbohydrate to lerance has not, however,
(3)

met with universal acceptance. Samson Wright says,

*It i s  d i f f ic u lt  to  understand the term * increased sugar 

to lera n ce 1 which i s  so frequently used, sin ce nausea develops 

before the lim its  of in gestion  are reached*. He a lso  s ta te s  

th a t a certa in  proportion o f su bjects develop very s lig h t
U )

g lycosu ria  with 300-500 grm. o f g lucose. la y lo r  and Hulton 

con sid er/
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consider that in  the m ajority o f healthy adults there i s  no 

l im it  to  the a ss im ila tio n  of g lucose, but a survey o f th e ir  

fin d in gs shows th a t in  6 o f th e ir  25 oases g lycosuria  appeared 

with 200 gaan. Gray, in  h is  paper on aBlood Sugar Standards* 

p o in ts out that o f 129 apparently normal persons 40% showed 

g lycosu ria  in gestion  o f 100 grm. o f g lucose and

Goto and Kuno a lso  note g lycosuria  a fte r  a sim ilar amount in  

62fa o f  th e ir  ca ses . Benedict and Osterberg report g lycosu ria  

in  two cases a fte r  40 and 60 grm. o f  glucose r e sp ec tiv e ly .

D e ta ils  o f the in v estig a tio n  o f the glucose to lerance  

o f  32 ch ild ren , in  whom there was no reason to  suspect any 

disturbance o f  carbohydrate metabolism, axe given below. The 

ch ildren  varied in  age from l i  to  12 years and the m ajority  

had been su ffer in g  from chorea, but there were a lso  5 p a tien ts  

convalescent from rheumatic a r th r it is ,  2 su ffer in g  from 

ta e n ia s is  and one case eadh o f rheumatic p e r ic a r d it is , con

va lescent pneumonia, chronic pneumonia, congen ital s y p h ilis ,  

chloroma and r ic k e ts . The ch ildren  w ith chorea and those  

su ffer in g  from rheumatic in fec tio n s  were receiv ing  d a ily  

90 grains o f Sodium S a licy la te  and 180 grains o f  Sodium 

Bicarbonate. These drugs were, however, omitted during

the day of the t e s t «
The te s t  was discontinued when the ch ild  was a c tiv e ly

s ic k /



s ic k  w ith an amount o f glucose larger by 1 grm per kgrm. 

o f  body weight than that tabulated* Seven o f  the ch ildren  

could not be induced to  take more glucose than th at recorded 

because o f the fea r  that th ey  would be sick* fhe g lu cose , 

in  amounts varying from 1 to  11 grm* per kgrm. o f  body weight 

was given  in  place o f  breakfast a fte r  an a l l  night fast*  

fh e  urine was c o lle c te d  for 4 hours at hourly in te rv a ls  and 

te s te d  for Sugar with Fehllngs Solution* When there ex is ted  

any doubt about the re su lt  the phenyl-hydrozine t e s t  was a lso  

carried  out*

fhe r e su lts  have been tabulated  in  fa b le s  I  and I I .

fa b le  I*

Cases in  which G lycosuria Occurred*

Case Sex
Age
Yrs

Weight
K ilo s.

Glucose per 
Kgrm. o f Body 
; weight

Amount od 
Glucose 

Grm.
Disease

Sugar
in

urine

A.H. 1C 10* ZZ 1 .0
'
ZZ Chorea frace

D*f. M 10 *5 4*0 105 m +

J.C* F 5 17-5 5 88 Bheumat ism +

E.McC F 8 20 6 121 1Chorea frace

fa b le  I  g iv es the d e ta ils  o f th e  four cases in  whom 

glycosuria  was produced and o f  th ese  A*H* i s  the only one 

whose sugar tolerance can be said to  be markedly low* fhe  

p a tie n t/
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p a tien t was examined d a ily  for g lycosuria  for  a period o f  

two months, hut the t e s t s  were always negative and he never 

showed any symptoms of diabetes* fhe blood sugar curve 

a fte r  22 grm* o f g lucose reached a value o f *208$ a fte r  

1 hour hut f e l l  helow the fa stin g  le v e l  in  Z hours. He

cannot he sa id  to  he a * renal glycosuria® sin ce h is  

threshold  was found to  l i e  ahove the le v e l  o f 184$ . fh e

to leran ce in  the other three cases was broken with q u a n titie s  

of g lucose equal to  4 , 5 and 6 grm* of glucose per kgrm* of  

body weight re sp ec tiv e ly .

A ll hut one o f the ca ses in  fa b le  I I  were able to  bake 

more than Z grm* o f glucose per kgrm* o f body weight without 

e ith e r  nausea or th e  appearance o f  sugar in  the urine and 

20 o f the 32 ch ildren  were able to  in gest a to ta l  o f  100 grm. 

or more, irresp ectiv e  o f  age or w eight, without g lycosu ria , 

fhe amount o f glucose which ch ildren  can take, without nausea 

or vom iting, varies enormously, and seems to  have l i t t l e  or 

no re la tion sh ip  to  age, weight or sex* fhe quantity varied  

from 30 to  270 grm. One ch ild  o f 3 years took a to ta l  o f  

110 grm o f glucose ( i . e .  11 grm. per kgrm. o f  body weight) 

and another o f 104 years was able to  take 67 grm. only ( i t e t 

a . 5 grm. per kgrm. o f body weight) without nausea and sickness  

being produced. f h is  fact (that o f  nausea) com plicates any 

conclusions which may be drawn regarding glucose to leran ce, 

fw enty/



Table I I

Case Sex Age
yrs

Weight
Kilos*

Slucose pei 
Kgrm* Body 

Weight

Amount oi 
Glucose

_____& m  _

r
D isease

J .f* M *15 2  grm* 30 Chronic Pneumonia
J.Mol M ioI m 2*5 * 67 Rheumatism
E.G. F 54 1 6 .5 3 ’ 49 P e r ic a r d it is
F.W* F 2-j 1 1 .8 3 * 36 Conval* Pneumonia
J.E . M l i r 17 3*5 * 100 Severe Chorea
E.G. I1 10 26 3-5 * 100 * *
M.H. F 11 28 3*5 ’ 100 V. S lig h t Chorea
S*K. M n 4 25*5 4 * 105 Severe Chorea
W.D. M 10 H 4 * 100 Tape worm
J.M* F 14 8 4 * 33 Chloroma
M 3. I 9 1 9 .5 4 * 80 Chorea
M.F. F 7 19 4 * 76 Chorea
PfF*3 M 9 25 4  • 100 Chorea
M.F* F 10 23 4 * 100 Chorea
J.H. M io 4 as 4 * 11a Chorea
A.MoK F 12 24 4 * 100 Tape worm
G.McD F ia 26 4 * 105 Chorea
J .Mol F 10 21 4 .5  * 100 Chorea
3 »M« M 7 19 4*5 1 90 Chorea
J.G. M n a8 5 m 140 Chorea
M*T. M 12 23 0 138 Chorea
G.G. K 64 20 6 * 120 Chorea
J .F . M 9A 21 6.4  * 145 Rheumatic Fever
B.H. M 2*5 16 7 * 112 Rheumatic Fever
M.B. F 54 16 0 * 128 Reuro-Syphil i s
H.MoG F % 15 f  V 120 Chorea
B.IfoH M n * 27 10 * 270 Rheumatism
1 3 . M 5 ^ 10 11 * 110 R ichets.

The Wt* in  K ilos and the Amount o f Glucose are only  
“ approximate to  nearest K ilo and ^rm«



Twenty-three o f  th ese  th ir ty -tw o  ch ild ren  were able to  

tahe 4 &¥*&• o f  glucose per kgrm. o f  body weight without 

g lycosu r ia  and only in  two o f  th e  th ir ty -tw o  eases was the  

sugar to lera n ce  broken w ith  t h is  or a le s s  amount*

I t  may th erefore  be gen era lly  concluded that the 

m ajority o f  normal ch ildren  are able t o  in gest an amount 

o f g lu cose equal t o  4 grms. (at le a s t )  per kgrm. o f body 

weight without g lycosuria  re su ltin g . The term *an increased  

sugar tolerance* cannot therefore be used w ith any meaning 

sfhcej normally, nausea probably develops before the lim its  

o f  in g estio n  are reached.



10.
SSgTXON I I .

The Blood Sugar Curve and Benal Threshold.

The e f f e c t  o f  a large quantity of gLucose on the  

blood sugar curve o f  ten  apparently normal ch ild ren  was 

stud ied . l ig h t  o f th e  ch ild ren  were recovering from an 

attach  o f chorea, one, ease VI, was convalescent from 

rheumatic a r th r it is  and another, case V, had recen tly  been

trea ted  for tapeworm, but daring th e  period o f  study there
€ %/

was no sign  o f  segments o x  ox& in  the fa eces . A ll the 

ch ildren  with one exception  (case V) were rece iv in g  90 

grains o f Sodium S a licy la te , and 180 grains o f  Sodium 

Bicarbonate d a ily , but t h is  was omitted on th e  day o f  the  

t e s t .  On one occasion, by inadvertence, a  ch ild  received  

15 grains o f  Sodium S a lic y la te  and JO grains o f  Sodium 

Bicarbonate immediately a fte r  th e  glucose had been given . 

The blood sugar curve obtained on that occasion did not 

d if fe r  in  any marked degree from that obtained when the t e s t  

was repeated w ith glucose alone. During th e  period of 

study the ch ild ren  were confined to  bed and received the  

routine mixed d iet o f the h o sp ita l. One grm. o f  glucose  

per kgrm. o f body weight was g iven  for the f i r s t  t e s t ,  and, 

some days la te r ,  for the second t e s t ,  100 grm. o f glucose  

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

respect iv e ly /



11.
(8)

$ r e sp e c t iv e ly . M aclean's method was used, as throughout

in  t h is  work, to  estim ate the blood sugar values* fhe

urine was c o lle c te d  where p ossib le  a t h a lf  hourly In terva ls

immediately a fte r  the withdrawal o f  th e  specimen o f blood,

and te s te d  for th e  presence o f  sugar and acetone*

the r e su lts  are tabu lated  in  Sable I I I .

She gen era lly  accepted normal fa s tin g  blood sugar

value in  the adult l i e s  between *070% and *120% with an
(9)

average value of *100$. Bass found in  a  s e r ie s  o f  normal 

ch ild ren  that the fa s t in g  le v e l  did not d if fe r  from th a t o f  

adults* In the ea ses  reported here the fa s tin g  value o f  

the blood sugar varied  from *067% to  *166$ , the average 

being *106%>* fhree ch ildren  gave fa s tin g  values above 

*120%* Each o f  th ese  ch ildren  was observed for a period  

o f 2 to  3 months in  h o sp ita l and during th a t time presented  

no evidence o f a disturbed carbohydrate metabolism. In one 

ch ild  (case I I I )  the high value o f .152$ was exceptional 

sin ce on eight other occasions on which the fa s t in g  le v e l  

was estim ated i t  was found to  l i e  between *082% and *1Q3%>*
(5) 'Gray in  h is  review of the lite r a tu r e  found that 7% o f  

apparently normal in d iv id uals have a fa s t in g  blood sugar 

Value w ithin  .120$ and *160$, so that th ese  high fa stin g  

va lu es, though unusual, need not be considered pathological#  

In the work to  be subsequently reported i t  w i l l  be noted 

th a t /



T fc  £  H E l l a

Case
No.

wt
KgXE

Amount 
of  

t Glucose 
«rm.

{5ur.
!~ o f fa s t  
fa s t  lug  
hr s . level

_ Percentage M gs.of Sugar inblood Sugar
. Jlinul*es a :Cfcer Glucose in

¥> 96 1m ISO 180 urine 1

I 27 28
100

8
8

.106
♦102

.166  
* 23.1

.2 0 4

.227
♦189 
♦ 217

.1 6 2
♦192 ♦166

— Absent

U 26 27
100

15
13

.109

.OJO
.1 1 5
.1 6 1

•137
.202

.141

.216
.125
.181 .1 9 8

-
«

n i 22 22
100

100

1 |

8

•095
.152

♦ 102

.179

.256

.211

•159
.341
.213

.129

.321

.268

.113

.264

.231

.241 .196

.211

n
Abs.at ih r  
ta t  1 & 31r  
Absent |B

17 28 28
100

15 • 100  
•100

.1 2 5

.179
.152
.173

.109

.191
.121
.129 •131

- «
**

V 23 *4
100

8
13

.119
•098

.2 0 4

. 21A
.196
.243

♦ 158
♦ 286

.111

.296 .196
- H

#

VI 27 27
100

8
8

•113
•106

.157

.184
.147
.177

.141

.141
•109
.1 0 8

- It
*

VII £5 25
100 11

•127
.100

.181

. 2^0
.189  
• 110

.123

.270
.141
.207 •139

- W
w

VIII 23 *3
100

15
l? : i l

.152

.121
.196
•193

.17£

.226
.129
.2 3 4 .1 9 1

_ *
*

IX 21 21
121

8
8

.110

.0 7 2
.174
.207 : 3

.168

.225
•094
.211 -

«
Abs.at i& 
lhrs +at 
14 hr s .

X 18 18
88

88

1 |  

15 .

.067

.088

• 088

.129

1194.

.113  
• 182

• 21$

.081  

. 286

•i§ 4

.213

•AfiflL

-
Absent 
Abs.at i  
& lh r ; + 
at l£  hrs 
Absent
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th at th e  fa s tin g  blood sugar value u su a lly  f a l l s  w ithin  

the l im it s  o f  . 070$  to  . 120$ .

The duration o f the starvation  did not seem to  a f fe c t

the fa s t in g  le v e l ,  the average value being . 106$  a fte r  an

8 hour fa s t  and . 107$ a f te r  a period o f  15 hours without

food. S h is  fa stin g  value was not constant fo r  the same

in d iv id u a l, but varied somewhat on the d ifferen t days on

which i t  was estim ated . Other observers have noted t h i s
(10)

same fa c t and Hale-White and Payne found that th e  same 

ind ividual did not g ive  sim ilar types o f eurves on d ifferen t  

occasion s.

With one exception , the peak o f  th e  curve occurred 

w ith in  the hour a fte r  the sm aller amount o f  g lu cose . The 

average h ighest value reached was . 173$ , the maximum and 

minimum being .204$ and .141$ re sp ec tiv e ly . Generally 

speaking the r e su lts  agree w ith  those obtained by Maclean 

and other workers for  the normal adult a fte r  a meal o f  

50 grm. o f g lucose, except that the curve does not return  

so quickly to  the normal fa stin g  le v e l .  This may be due to  

the r e la t iv e ly  larger amount o f g lucose which th e  ch ild ren  

in gested , or to  the longer fa stin g  period, or to  a combine 

ation  o f both th ese fa c to rs . I t  i s  w ell known that a second 

dose o f g lucose, ingested  during a fa l l in g  blood sugar, 

produces a very s lig h t  ( i f  any) secondary r is e .  This i s  

u su a lly /



u su a lly  explained on the hypothesis th at th e  carbohydrate

storage mechanism o f  the body i s  already m obilised  and

able to  deal immediately with the second quantity o f glucose*
(11)Since many o f  the workers, including Maclean and De.Wesselow

have used fa s tin g  periods o f only 3 to  5 hours i t  may be

ih a t  the carbohydrate storage mechanism was, in  th e ir  ca ses ,

not y e t “demobilised* and could deal quickly with any glucose

in gested , hence the more rapid f a l l  to  fa s tin g  le v e l  recorded

by these workers than was found in  our s e r ie s ,  in  which th e

fa stin g  period was e ith e r  8 or 15  hours* I t  has not , however,

been u n iv ersa lly  accepted that the fa stin g  le v e l  should be
(12 )

reached w ithin  2L hours. f r i e s  and Kohn found th a t only

83/£ o f  normal ch ildren , rece iv in g  le s s  than Z grm. o f  glucose

per kgrm. o f body weight, return to  th e  fa s tin g  le v e l  w ithin
(10)

three hours and Hale-White and Payne suggest that a value

o f  #110$ i s  quite w ithin  normal lim its  at the end of two
(12)

hours. f r ie s  and Kohn also  s ta te  that the fa s tin g  blood  

sugar, the to lerance and the type of curve reg istered  may 

vary from day to  day.

With the larger amount o f glucose somewhat d ifferen t  

r e su lts  were obtained. fhe maximum value was very much 

higher, the average being . 255$ and the maximum and minimum 

values obtained were . 341^ and . 184$ resp ectiv e ly . fhe  

maximum/



maximum value was attained  in  5Q$ of the cases at a time 

la t e r  than was the case a fte r  the sm all quantity o f  glucose*  

In only one instance (case VI) was a curve, resembling th a t
» )  i l l )described by Maclean, noted* Maclean and he Wesselow 

maintain th at in  normal in d iv id uals the height of th e  curve 

cannot be ra ised  above the maximum l8/o by large amounts o f  

glucose* though the f a l l  may be delayed. Hale-White and
do)

Payne report blood sugar curves r is in g  above *18<$ with
(13)

amounts larger than 25 grm* and Poster quotes three cases

where the blood sugar reached *214$  in  30 m ins., *204$  in

35 m ins., and . 201$ in  45 mins* a fte r  100 grm* o f  g lucose. 
(5)

Gray found in  300 normal cases a large number in  utiiich the 

blood sugar curve rose to  values between *20j6 and *25j£ w ith
U 2)

100 grm. g lucose. In ch ildren  P ries and Kohn found ZOfo

o f th e ir  cases rose above *20Jfe w ith q u a n tities  o f  glucose  

from 1*5 to  2 grm* per kgrm. of body w eight.

Prom the re la tion sh ip  between the blood sugar le v e l  

and the g lycosuria  in  th is  s e r ie s  o f cases the renal thres

hold in  childhood would seem to  be very high compared to  that  

in  the adult. The average value of the renal threshold  for  

glucose in  the children in  t h is  se r ie s  seems to  l i e  above 

.238fc. In cases I I I ,  TL and X the value can be f a i i l y  

d e f in ite ly  fixed . In case I I I  i t  l i e s  w ithin . 268/£ and

• 541$ /



1 5  •

• 341$i in  case IX above *246$; and in  ease X between *216$

and .286$. The t e s t  with, th e larger dose, was repeated 4

and 6 days la te r ,  in  eases I I I  and X* The resu ltin g  blood

sugar values were not so high as those obtained with th e

previous t e s t ,  and no sugar appeared in  the urine* Besides

enabling a more d e f in ite  value to  be p laces on the renal

threshold  in  th ese  two ca ses , th ese  r e su lts  point t o  the

v a r ia b il ity  o f  the to lera n ce  for glucose in  the same ch ild

on d ifferen t occasions. The values .296$ and *310$ in

cases V and VII are excep tion a lly  high.

I t  might be sa id  that the blood sugar did not remain

at th ese  high le v e ls  s u f f ic ie n t ly  long fo r  sugar to  appear

in  th e urine in  amounts p o ssib le  o f  d etection  by ordinary

c l in ic a l  t e s t s .  But in  cases I I  and VIII the le v e l  o f

the blood sugar was above *200$ for  at le a s t  h a lf  an hour,

in  case I  for one hour, in  cases V and VII for two hours

and in  case IV for three hours. I t  ©an be seen, therefore ,

♦ that t h i s  c r it ic ism  i s  not v a lid , the time during which the

blood sugar was at a high le v e l being s u f f ic ie n t ly  long for

sugar to  have been excreted in  e a s ily  recognisable amounts.

Glucose has been regarded by the m ajority i f  workers
(14)

as a threshold  substance, though Benedict and Osterberg

maintain that there is  no threshold for glucose and no

sudden point at which sugar appears in the urine. Maclean 
(111and Be Wesselow 7
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(11)
and Be Weaselow consider the renal threshold  as .180$;

(15) (16 )
Olmstead and Gay, and Graham, place i t  a t *190$. Hale-

(1 0 )
White and Bayne suggest that *200$ would be a more reason

able value to  consider as th e normal renal threshold .
(17)

Mackay, who examined th e blood sugar o f 44 p a tien ts  during 

anaesthesia , found that o f  30 su b jects who developed 

g lycosu ria  37$  had maximal blood sugar values o f le s s  than  

.180$. In  14 o f  the cases in  whom g lycosuria  was not 

produced 86$  had maximal values varying between . 180$ and 

In the case reg ister in g  the maximal r is e  o f . 386$

the blood sugar remained above . 200$ for four hours without
(17)

any sugar appearing in the urine. Mackay suggests,

th erefo re , that the renal threshold  may vary considerably
(18)

in  d ifferen t ind iv iduals and Greenwald, Gross and Samet 

who a lso  subscribe to  t h is  view, think that th e  threshold
(19)

may vary in  th e  same individual at d ifferen t times* H atlehol
(1 6 )

a lso  noted th is  fa c t . Graham reports a case where a

blood sugar o f . 300$ was obtained without any g lycosuria .
( 20 )

Host found th a t of 14 normal women-two gave a maximal value
(21)

of .200$ without g lycosuria  re su ltin g . Widnas a lso  reports  

normal ch ildren  with the renal threshold  above . 230$ .

The examples from the lite r a tu r e  quoted above show 

that a higher renal threshold than . 180$ does e x is t  in  the  

normal adult and that i t  may be even above . 20$ but no cases  

have/
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have been described where a fte r  in gestin g  glucose such 

ty p ic a lly  d iab etic  curves have been obtained. In the  

present s e r ie s  o f ca ses , w ith a la rg e  quantity o f  g lu cose,

80$  showed a high renal threshold  and d iab etic  type o f  

curve. I t  must be remembered, however, that blood sugar 

curves follow ing amounts o f g lucose r e la t iv e ly  as large as 

those given to  the su b jects in  t h i s  present s e r ie s  ( i . e .  

roughly 4  grm. per kgrm. o f body weight) have ra re ly  been 

estim ated in  the adult.

I t  i s  in tere stin g  to  note here th at an attempt to  

estim ate the e f fe c t  o f such large amounts of glucose on the  

blood sugar o f four adu lts was made, but th e  most th at they  

were able to  re ta in  without sick n ess was 3 grm. per kgrm. o f  

body weight. fhe d e ta ils  are found in  fa b le  IV.

I t  can be seen that in  only one, S .G ., was the hyper— 

glycaemia above .£ 00^ and here the renal threshold  for glucose  

was passed and sugar appeared in  the f i r s t  i  hour specimen of  

urine but not in  any o f the other specimens. fhe large  

quant i t  ie  s o f  g lucose given, though r e la t iv e ly  not so large  

as those ingested by the ch ild ren , do not seem to  ra ise  in  

the adult, the height o f  the blood sugar curve so read ily  as 

in  the ch ild . We consider that the to leran ce for glucose in  

a ch ild , as revealed by the blood sugar curve, i s  not so high  

as th a t of the adult and th at probably the renal threshold i s  

a t /



at a somewhat higher lev e l*

fhe renal threshold  in  d ia b etics  v a r ies  but i s  u sually  

w ell above o£00$, and two oases o f  d iabetes m e llitu s  observed 

in  the Boyal H ospital for Sick Children show renal threshold  

values above #253$  &&& #282$# John reports a case o f  d iabetes  

m ellitu s  with a blood sugar le v e l  o f  #390% and no sugar in  

the urine. I t  has generally  been assumed th a t t h i s  has been 

raised  above the normal in  the d iabetic# I t  might be suggested, 

th erefore , in  view o f  th e  r e su lts  obtained in  the above 

in v estig a tio n  that in  a cer ta in  number o f  eases o f  d iabetes 

m ellitu s  the le v e l  o f the renal threshold  has not been ra ised  

but i s  at i t s  normal level#
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SECTION I I I

In t h is  sec tio n  are d e ta iled  and compared the r e su lts  o f

the blood sugar curves a fte r

I .  She in gestion  o f 1 grm* o f glucose per kgrm* o f
body weight .

IX. She in gestion  of 100 grm. o f glucose*

I I I .  She subcutaneous In jection  o f  Insulin*

IV. She subcutaneous in je c tio n  o f P itu itr in .

V. She e f fe c t  o f P itu itr in  feeding on Carbohydrate
Soleramoe.

i n
VI. She subcutaneous in je c t io n  o f Busulin, and

V II. She Baevulose S est ,

under the condition  of

A. A normal d ie t , and 
A ketogenic d ie t .

By the term *ketogenie* d iet i s  meant a high fa t d ie t

which con sisted  o f  varying proportions of fa t bacon, b utter,

cream, curds, f is h ,  cheese and 5$ vegetable* She amounts

varied s l ig h t ly  according to  the ca lo r ic  requirements o f  the

child* Sea w ith saccharine and water were given to  drink.

She Ketogenic-Anti-Ketogenie ra tio  i f  t h is  d ie t  was approxi-
(1)

mately 3*5 to  1 , as ca lcu la ted  from S haffer’s data, and in  

every case acetonuria or k e to s is  developed w ith in  36 to  48 

hours and continued throughout the duration o f th e  experiment. 

Shis high fa t d ie t  was sim ilar  to  th at given  by Brown and
U )

Graham in  th e ir  work on *Ketonaemia and Ketonuria in  Childhood*1 

and/



and they found in  every case an increase in the blood

acetone accompanied by a f a l l  in  the a lk a lin e reserve. They

assumed that Min  the absence o f  a d e f in ite ly  increased C0£

output by over v e n t ila t io n  a reduction in  th e  a lk a lin e reserve

must be taken as an in d ica tion  o f a reduction in  the serum

pH, and consequent a c id o s is .*  A cidosis occurred in  th e ir

cases without g iv in g  any c l in ic a l  m anifestations o f i t s

presence and the same holds good for th e  s e r ie s  reported

here. Ho blood analyses demonstrating the ex isten ce  o f an

a c id o sis  were carried  out in  t h is  work, but i t  was taken for
(*)

granted on account o f  Brown and Graham's fin d in gs that such 

a condition  did e x is t .

The acetone in  the urine was estim ated q u a lita t iv e ly  
o

only by means of B fthera's T est. A &4 hour specimen o f  the  

urine was examined d a ily  during the period o f  the experiment 

and i t  was found th at the acetone which was +++ in  quantity  

during the f i r s t  seven days or so , decreased to  a + amount 

a fte r  th is  w ith occasional d a ily  va r ia tio n s to  a ++ or a i ,  

the cause o f which was not m anifest. An attempt was made in  

a l l  the experiments o f th is  sec tio n  to  c o l le c t  i  hourly 

specimens of urine during a blood sugar t e s t ,  the urine being  

c o lle c te d  immediately a fte r  the specimen of blood had been 

withdrawn. O ccasionally, however, specimens o f urine were 

not obtained with such regu larity  as t h i s .

Bart 1 /
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Part I #

3*he Blood Sugar Cu.rye on

A. Horraal D iet, and 
Bo *Ketogenic* D ie t.

She su bjects o f a l l  th e experiments in  t h is  and the  

remainder o f the work in  Section  I I I  were the f i r s t  seven 

cases described in  S ection  I I  and as th e  r e su lts  o f  th e  

blood sugar curves on normal d iet w ith 1 grnu o f g lucose  

per Kgxm* of body weight and w ith 100 grm# o f glucose have 

been dealt w ith fu l ly  in  the la t t e r  se c tio n , n eith er o f  

th ese  re su lts  w i l l  be considered in  d e ta il  here#

I  able V g iv es the d e t a i l s  o f  the blood sugar curves 

and Chart i  shows graph ically  one ty p ic a l re su lt  and the 

composite curve o f a l l  the te s ts#  Chart la  con ta ins the 

graphic r e su lts  o f  the other cases#
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The r e su lts  reveal th a t the change in  d ie t  has produced 

a reduction in  the to lerance fo r  g lu cose , the curves 

resembling those obtained in  a mild case o f d iabetes  

m e llitu s . 9?he fa s t in g  blood sugar i s  a t a lower le v e l ,  

in  every case , than on normal d ie t .  3*hese experiments 

were/



were carried  out a f te r  10-221 days on a *ketogenicw d ie t  

and th e  va lu es are not qu ite so low as those obtained by 

th e 3rd to  th e  4th  day. Although the degree o f hyper- 

glyeaemia a tta in ed  i s  much greater on the high fa t  d ie t ,  

th e  curve shows a  much slower r i s e ,  th e  r is e  in  blood  

sugar at the 4 hour being l e s s  than on a normal d ie t .

Indeed in  three o f the ca se s , I ,  I I  and IV the value i s  

p r a c t i c a l l y  th e  same as th a t found at fa s t in g . In  every  

ease except case I ,  the peak o f th e  curve i s  higher than  

on normal d ie t  but the most s tr ik in g  point i s  the delay  

in  the return of th e  blood sugar to  fa s tin g  le v e l .  A 

more marked lowering o f  to leran ce as regarded by the  

height and configuration  o f the blood sugar i s  shown in  

cases I I  and I I I  who were fo r  a longer period on the  

ketogenic d ie t  than any o f  th e  other ch ild ren .

In cases I I ,  in , V and Y U , the blood sugar rose  

to  va lues between . 218% and .234% an& &o sugar appeared 

in  the urine. S h is conforms to  the renal threshold  le v e l  

for g lucose described in  Section  I I .  Case VI did not 

show a very marked change in  the hyperglycaemia a tta in ed  

on a  h igh fa t d ie t  but the value at the end o f  two hours 

i s  s t i l l  e levated  much above th e fa s t in g  le v e l .

Acetone was a + quantity in  the urine at the beginning  

o f each experiment, except in  case VI where only a trace



was registered* That th e  aoetone output varied  s l ig h t ly  

was noted on a d a ily  examination o f a 24 hour specimen o f  

urine in  a l l  o f  the ea ses  and by th e  fo llow in g  day the  

acetone was again a + quantity in  t h i s  ease* In  case IV 

the acetone had gone from th e urine two hours a f te r  th e  

in g estio n  o f the g lucose and in  case V i t  had been reduced 

to  a 1  quantity .

Part I I *

She Blood Sugar Curve a f te r  100 grm* o f  g lu cose on

JU Normal D ie t, and 
B* Ketogenic Diet*

The d e ta ils  are found in  Table VI and two represent

a tiv e  ea ses  in  Chart I I  are shown graphically*
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As was to  be expected, the r e s u lt s  are s im ila r  in  kind  

though d ifferen t in  degree, to  those reported above* $he 

to lerance for 100 grm. o f  g lu cose was much reduced and in  

every ca se , except VI, the renal thresh old  was passed and 

g ly co su r ia /
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g lycosu ria  resulted* She to leran ce in  case VT was broken

by 130 grm* o f  g lucose but he was a b le , on a normal d ie t ,

to  take &70 grm. without sugar appearing in  th e  urine* S h is

c h ild ’s to lera n ce  fo r  g lu cose would seem to  exceed th at o f

the other cases and h is  th resh o ld  le v e l  appears to  be nearer

the value *£00/o* She r e su lts  in  S ection  XI in d ica te  th a t

the renal threshold  in  childhood might be higher than in  the

adult and i f  t h i s  were so i t  might be that t h i s  c h ild  was

approaching nearer to  th e  adult type o f metabolism than th e

others. He was n o t, however, the o ld est c h ild  in  th e  group,

being 11 years only whereas two other ch ild ren  were aged 12,
• (1 2 )

years* F ries and Kohn found th a t  in  a s e r ie s  o f  normal 

ch ildren  those w ith the poorest to leran ce were aged 7 to  10 
years and th a t th e to lerance was b e tte r  under 7 &&& over 10 
years o f  age. We have not been ab le to  show in  our r e s u lts  

any such v a r ia tio n  o f  to leran ce due to  th e  age o f  th e  ch ild*  

As can be seen from Chart I I  the hyperglycaemia a tta in ed  

a fte r  100 gm* o f g lucose on a carbohydrate free  d ie t  i s  

very marked and very prolonged* Cases I I  and I I I  reached 

the very high blood sugar va lu es o f and *409^ a t the

end o f  th e  2% hours and showed no tendency to  return to  

fa s tin g  le v e l  at th is  time* Ho sugar appeared in  the urine  

a t /



at the 4  hour period in  any of the ea ses hut was abundantly 

present at th e hour period, except in  case IV. In bar 

ease g lycosu r ia  occurred at the 14 hour period only and t h i s  

has enabled the thresh o ld  le v e l  to  be placed d e f in ite ly  

above th e  value In case VII th ere would seem to

have been a lowering o f t h i s  renal threshold  s in ce  sugar was 

present in  the urine on the ketogenic d ie t  period when the 

blood sugar le v e l  was * 2^1% though on a normal d ie t  no sugar 

was excreted  w ith a hyperglyeaemia o f

I t  was noted th a t a f te r  t h is  large quantity o f  g lucose  

there was a mild d u ir e s is  and in  case V t h is  was p a rticu la r ly  

marked, a urine o f s p e c if ic  g rav ity  1000 being passed during 

the t e s t  on normal d ie t . On ketogenic d ie t  the S p ec ific  

Gravity o f one specimen o f  urine, loaded with sugar, was 100J* 

$?his i s  somewhat contradictory to  th e  usual teach ing  that  

urine contain ing sugar has a high S p e c if ic  Gravity. I t  has 

been remarked, however, th a t in  two cases o f  d iabetes m e llitu s  

observed in  the Royal H ospital for  S ick Children urine  

contain ing sugar and y et having a S p e c if ic  Gravity o f  1002 
has been passed.

3*he quickness w ith which glucose can c lea r  acetone from 

th e  urine i s  very s tr ik in g . In cases I  and VII only a fa in t  

trace  remained 24 hours a fte r  th e  in g estio n  o f  100 g m . o f  

glucose. In oases H , IV, V and VI no acetone was present



£8 .

in  the urine at the end o f  th e  t e s t  period and in  ease IV 

i t  had gone com pletely by the end o f l i  hours. Glucose 

i s  much more e f f e c t iv e  in  t h i s  an tik etogen ic  q u a lity  than  

la ev u lo se , as w i l l  he demonstrated furth er on in  t h i s  t h e s is ,  

and G oldblatt found th a t in  starvation  k e to s is ,  g lucose  

removed acetone from urine in  1 hour and i t  did not return  

fo r  34 hours. la e v u lo se , on the other hand, overcame 

k e to s is  in  14 hours only and preserved the balance but for  

one hour.

I t  i s  th e re fo re , very d e f in ite ly  demonstrated th a t a  

high fa t d ie t lowers th e  to leran ce fo r  gLuaose and r a ise s  

the blood sugar to  a phenomenally h igh va lu e. 2he fa s t in g  

blood sugar i s  lowered below the nonaal, th e curve dees not 

r is e  so quickly as on ordinary d ie t , and there i s  marked 

prolongation o f  the time required fo r  the blood sugar to  

return to  fa s t in g  l e v e l .

C lin ica l C onsiderations.

Before going on to  d iscu ss the above r e su lts  i t  seems 

worth w hile to  draw a tten tio n  to  a point which may be u sefu l 

in  the c l in ic a l  d iagnosis o f  th e d iffe r e n t  typ e  o f  g lycosu ria  

and to  d iffe r e n tia te  between th ose which require treatm ent 

and those which do not.

In th e  frank case o f  d iabetes m e llitu s  which comes to  

the physician with symptoms of t h ir s t ,  po lyuria , weakness and 

em aciation/
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em aciation, o f  whatever degree, there i s  l i t t l e  lik e lih o o d  

o f a mistaken d iagnosis being made* Bat in  the case where 

g lycosu ria  i s  d iscovered accident a l ly  (e*g* in  a l i f e  

insurance examination) and the in d iv id ual put on a low carbo

hydrate d ie t  and the sugar to lerance then te s te d  a mistaken 

diagnosis may be made* I f  the person i s  not a d iab etic  the  

low carbohydrate d ie t may produce a curve in d ica tiv e  o f  mild 

d iab etes, as shown above, and may be wrongly la b e lle d  as 

su ffer in g  from d iabetes m e llitu s . On the other hand the  

opposite may occur* f h i s  point can be i l lu s tr a te d  by the 

case of a c h ild  in  the D iabetic C lin ic  o f  the Boyal H ospital 

for Sick Children*

f h is  c h ild , J . l * , had had an attack  o f  whooping cough 

and during h is  convalescence he was n oticed  to  have some 

increased th ir st*  £he urine was examined and found to  

contain  sugar. He was put on a low carbohydrate d ie t ,  the  

sugar disappeared and he seemed q,uite well* On admission

/  to  h o sp ita l for an in v estig a tio n  in to  h is  case a f iv e  hour

j fa s tin g  blood sugar was only *106^. A fter a f i f t e e n  hour

fa s t  and 16 grm* o f g lucose the blood sugar curve was as

fo llow s:

F.B.S* ihr* lh r . l ih r .  2hr.
.0-7 ̂  .115# .H95S .164$ *154#



A two hour specimen o f urine contained Acetone + but 

no sugar. This blood sugar i s  normal apart from the delay 

in  return to  fa s t in g  le v e l .  He was g iven  ordinary d ie t  for  

two days, no sugar appeared in  the urine and a f iv e  hour 

fa s tin g  blood sugar was *116$, s t i l l  w ith in  normal l im it s .  

A fter s ix  days on t h is  d iet the fo llow in g  was the blood  

sugar curve recorded a fte r  a f i f t e e n  hour fa st and 16 grm. o f  

g lu cose .

3P.B.S. §hr. lh r . l ih r .  2hr.
•152JS .184$ •199JJ • 259/S *279^

Shere was a trace  o f sugar in  urine at 2hr. period only and 

no acetone.

S h is  i s  a frankly d iabetie  curve. I f  he had been 

normal h is  to lerance for g lu cose , on the ordinary d ie t ,  

should have been increased, not reduced.

She fo llow ing ru le may be formulated for doubtful cases

©f g lycosu ria . She blood sugar ourve should be estim ated

on (a) a normal d ie t ,  and
(b) a low carbohydrate d ie t .

I f  the ind ividual i s  normal as regards h is  g lucose  

metabolism, he w i l l  show a b etter  to lerance for  g lucose on 

an ordinary d iet than on the low carbohydrate d ie t .  I f  he 

i s  a d iabetic the find ings w i l l  be reversed.

S h is rule i s  u sefu l a lso  in  help ing to  decide the  

d i f f i c u l t /
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d i f f i c u l t  point whether a person with renal g lycosu ria  

should he trea ted  as a p o ten tia l d iabetic* A p a tie n t,  

H*!1*, who had heen on a low carbohydrate d ie t a fte r  the  

accidental d iscovery o f  g lycosu ria , had h is  sugar to lerance  

tested* OThe blood sugar a fte r  50 grm* o f g lucose was 

considered normal*

4hr* lh r . l j h f .  2hr.
.100% .210% .160% .11055 .10055

He was given ordinary d ie t  for e ig h t weeks and h is  

sugar to lerance estim ated again. fhe re su lt  revealed that

there was a lowering o f the to leran ce for g lu cose .

P .B .S . ih r . lh r . l ih r .  2hr.
.09855 .17955 * 268% .VJO% .14155

He was advised to  keep to  the low carbohydrate d ie t  

for though the curve cannot be c a lle d  d iab etic  in  that i t  

i s  nearly at fa s t in g  le v e l  in  two hours yet i t  revealed  a 

s lig h t  weakness o f  the carbohydrate d isposing mechanism on 

ordinary diet*

I t  i s  important, th erefo re , before performing t h is  

customary sugar to lerance t e s t  used in c l in ic a l  diagnosis 

that the previous period o f d ie t  should be ca r e fu lly  

controlled* £ h is  point has been noted before by several 

other workers) but we do not think i t  has been s u f f ic ie n t ly  

stressed  in  t e x t  books dealing w ith the d iagnosis and 

treatment o f d iabetes m e llitu s  and glycosuria*

D iscussion /



D iscussion *

Other workers have observed t h i s  lowering o f the  

to lerance for  glucose produced by th e  adm inistration  o f a
(23)

carbohscLrate fr e e  d ie t .  Kageura acted  t h i s  fa c t  ia  dogs
(24)

fed on a high fa t  d iet and Southwood obtained a much 

enhanced hyperglyeaemic reaction  in  men who had been given  

a carbohydrate free d ie t  for  36 hours previous to  the te s t*
(25) (18)

Staub aad Greenwald, Gross and Samet reported s im ila r
(26)

findings* Kohn, f r ie s  and f  e l  sh in  obtained wd iab etic

curves* in  ch ild ren , a lso  su ffer in g  from chorea, who were 

receiv ing  a d ie t with the fa t ty  Acid:Glucose fiatio o f  2*5 
to  1 or 3:1 .

This reduction o f sugar to lerance a r is e s  not only with  

a carbohydrate free  d ie t but a lso  occurs i f  in d iv id u a ls  are
(27)

starved for any period of time* Severinghaus found, a fte r  

fa s tin g  fo r  at le a s t  48 hours, that the in g estio n  o f glucose  

resu lted  in  a blood sugar reaction , previously  normal,
(28)

resembling th a t o f a mild d iab etic  and Du Vigneaud and Karr 
(29)

and Lennox, among others reported s im ila r  resu lts*

Besides the lowering o f to lerance for gLucose, revealed  

by the degree of hyperglycaemia a tta in ed , the fa stin g  blood 

sugar o f subjects rece iv in g  a carbohydrate free  d ie t , or no 

d ie t  a t a l l ,  i s  always lower than the normal fa s tin g  level*  

This reduction o f  the fa stin g  sugar content o f  the blood i s  

more/
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more marked during the f i r s t  few days o f  a "ketogenic” d iet

or a fa s t  and in  t h i s  s e r ie s  o f  oases th e  average fa s tin g

blood sugar was . 073$  for the f ir s t  th ree to  four days,

whereas by th e 22nd to  26th day the average had r ise n  to  «083%* 
(30)

Salomonsen found on a high fa t  d ie t th a t th e fa s t in g  blood  

sugar was low est on the second day, remained low t i l l  the  

fourth day and by the s ix th  day had returned to  a low normal
(3D +  <32)

le v e l .  Boss and Joseph and T albot, Shaw and Moniarty 

found th a t the low est value occurred during a period o f  

starvation  on the f i f t h  and s ix th  days and then  tended to  

return to  normal fa s t in g  le v e l .

That the blood sugar, however, once i t  has recovered the  

normal le v e l  does n ot, in  every ca se , remain there i s  shown 

by the fa s tin g  blood sugar va lu es obtained in  case VI during 

the period on wketogenicM d ie t .

H o.of Days on 
g et o#:en ic  D iet A s 10 12 15 17

-------T

13
Hasting Blood 

Suftar .063 .081 .071 •08S I .*.939. .100 ..062 |.o6j

I t  i s  remarkable th a t in  the s e r ie s  o f cases here 

described none o f the ch ildren  showed any c l in ic a l  symptoms
V " \

o f hyperglycaemia or a c id o s is . The ch ildren  did not su ffer  

from sick n ess, la s s itu d e , disturbance o f resp ira tio n  nor 

r e s t le s sn e ss  and seemed in  no way disturbed in  th e ir  general 

h ea lth /



health* This fact has been commented upon by Brown and 
(2) (30)

Graham and Salomonsen in  h is  s e r ie s  o f 12 normal ch ild ren  noted

vomiting in  four ca ses  only, though in  none were the symptoms

at a l l  comparable to  that seen in  c y c l ic a l  vomiting* A

sim ilar  freedom from the m anifesta tion s o f any severe c l in ic a l

symptoms in  the acidos:* roduced from starvation  i s  reported

by Weymuller and S ch loss, and T albot, Shaw and MoMarty*

Three o f the su b jects in  the in v estig a tio n  by Weymuller and
(33)

Seh loss became drowsy w ith acetone odour in  the breath a fte r  

a 48 hour fa s t  w hile on a hetogenic diet* Talbot, Shaw and

Honiarty had to  g ive  glucose to  remove the symptoms o f  a c id o s is  

on the th ird  day of a fa st  in  only one o f th e ir  cases* This 

ch ild  had on that day a blood sugar o f only *038$*

This point o f hyperglyceemic values in  the blood sugar ' 

during a short fa st  o f  e igh t to  f i f t e e n  hours on a high fa t  

d ie t  or during the f i r s t  s ix  to  seven days o f  a fa s t  i s  o f  

in te r e st  in  th at there are no m anifest c l in ic a l  symptoms o f

hyperglycaemia* One c h ild , M.McI, during the course o f  

another in v estig a tio n  not recorded in  t h i s  t h e s is ,  had a 

fa s tin g  blood sugar o f *040$ on the seventh and seventeenth  

days o f  a Aetogenic d ie t  and seemed ^ u ite undisturbed*
(33)Weymuller and Schloss report two children with fa s t in g  blood  

sugar values o f  .042$ and *035$ without any symptoms o f  

hypoglyoaemia/

(32)

>  (32)



hypoglycaemia. They consider th at some other factor  b esid es

the low sugar content o f the blood i s  concerned in  the production

o f the symptoms described as occurring w ith hypoglycaemia.

This question w il l  be further d iscussed  in  the sec tio n  dealing

with th e hypoglycaemia produced by insu lin*

The low fa s t in g  le v e l  o f the blood sugar may be accounted

for by supposing the l iv e r  to  have become depleted o f  i t s

glycogen to  a greater or le s s e r  degree and further evidence

to  show th a t t h i s  in h ib itio n  o f  g lycogen ic function  does e x is t

under the changed con d ition s of a high fa t d iet w i l l  be

submitted la t e r .  As the length  o f f a s t ,  or the period o f

adm inistration o f  the d ie t ,  inereases^the blood sugar tends to

r is e  again* This may be due to  a compensatory formation o f

glucose from protein  or fa t  or to  a le ssen in g  o f the sev er ity

©f the k e to s is  or a c id o s is  which may be the cause o f th e

in h ib itio n  o f th e g lycogenic function  o f the liver*  Brown 
( 2 )

and Graham demonstrated th at the k e to s is  was le s s  marked a fte r  

the eighth day*

A non-gaseous a c id o s is  accompanied by a k e to s is  i s  

produced by a high fa t  d ie t  and a fa s t  over a period o f  several 

days, produces sim ilar changes in  the biochem istry o f the 

blood* Xn both of these cond itions there occurs a fa ilu re  

in  the metabolism o f carbohydrate. What factor i s  i t  that 

produces the disturbance o f metabolism? I s  i t  the lack  o f  

carbohydrate/



carbohydrate in  the d ie t ,  the disturbance in  the acid-base  

equilibrium  or the ketosis^which i s  responsib le fo r  the 

change?

I t  has always been recognised th a t the l iv e r  p lays an 

important part in  th e  metabolism o f  carbohydrate and an 

attempt has been made in  the fo llow in g  pages to  show that 

the glycogenic function  o f the l iv e r  has been in terfered  

with# Evidence w i l l  be brought forward to  show th at i t  i s  

probably the k e to s is  which i s  the causal fa cto r  in  t h is  

change in  the e f f ic ie n c y  o f the l iv e r  and th ese  fin d in gs  

w il l  be d iscussed  along with the various th e o r ie s  previously  

propounded regarding the mechanism o f production o f th e  

lowered to leran ce fbr glucose accompanying a nketogenicn diet#

Part I I I

She Subcutaneous In jec tio n  o f Adrenalin*

She next r e s u lts  to  be considered are th ose obtained on

a# a normal D iet, and 
B# a "Ketogenic" D iet,

a f te r  th e  in je c t io n  of adrenaline ch loride (1/1000 so lu tio n  —

B*W* 60) .  (She sm allest quantity of t h is  so lu tio n  of

adrenalin which caused a d e f in ite  r ise  in the blood sugar in

ch ildren  o f d ifferen t ages was worked out at th e  Royal H ospital

for Sick Children by Dr# I# M itch e ll. I t  was found th a t

ch ild ren /
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ch ildren  o f d ifferen t ages reacted to  d ifferen t amounts 

of adrenalin in  the fo llow ing way.

Amount o f Adrenalin required to  cause a d e f in ite

r is e  in  blood sugar.

At 1 year o f age 
” 2 years” w
" 3 .4 ,5 .6 .7  years
” 8 years o f age 
” 9 ,1 0 ,1 1  years 
” 12 years o f  age

1 minim o f
2 n II

3 n It

4 n n
n it

L i i n

In the work d eta iled  below the amounts o f adrenalin used 

were based on t h is  standard# The in je c t io n s  were subcutaneous 

and the blood for the sugar estim ations was taken at fa s tin g  

and at 10, 30 , 6 0 , 90 and 120 minutes a fte r  t#e in je c t io n .

Othart I I I .
-■ I
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Under ordinary d ietary  con d ition s i t  i s  seen from 

Table VII that a l l  seven cases showed the normal response 

which one expects a fte r  the in je c t io n  o f adrenalin where 

there are s u ff ic ie n t  reserves o f glycogen in  the body* In  

s ix  o f the cases a d e fin ite  r is e  in  the le v e l  o f  the blood 

sugar had occurred in  te n  minutes but the maximal r is e  in  

four o f  the cases did not appear t i l l  one hour a fte r  the 

in jec tio n ; in  the three remaining cases i t  occurred at 10,

30 and 90 minutes resp ectively*  In a l l  the cases the  

fa stin g  le v e l  had been reached, or nearly so , by the end o f  

two hours*

I t  should be noted th at in  case V the hyperglycaemia 

resu ltin g  from the in je c t io n  o f adrenaline was very marked*

This resu lt w i l l  be considered along with that o f  the in su lin  

in jec tio n , d e ta ils  o f  which w il l  he found below*

In none of th e cases did adrenalin  produce g lycosu ria  

and there were no symptoms noted nor complained o f a fte r  th e  

in jection*

The r e su lts  obtained when the ch ild ren  were receiv in g  

nketogenicw d iet are not so constant but, on the whole i t  

can be concluded th a t the response, by a re lea se  o f glycogen  

from the t is s u e s  in to  the blood stream i s  not so good as that 

which occurs while the su b jects  are rece iv in g  a d ie t  contain ing  

a su ff ic ie n t  quantity o f carbohydrate*

The/



The d ifferen ce  obtained on the two d ie ts  i s  not very  

marhed i f  *the r is e  in  mgs* from fa s t in g  le v e l  to  maximum 

value i s  considered, but when the curves are graphed and 

the areas compared i t  i s  seen that there i s  a very d e f in ite  

d ifferen ce , the greater output o f glycogen occurring on the  

normal d ie t .  Oases I I ,  I I I ,  V and VII show a very d e f in ite  

decrease in  th e  response to  adrenaline w hile on a high fa t  

d ie t .  The r is e  in  ca ses  I I  and I I I  i s  very delayed, 

occurring at two hours and l j  hours r e sp ec tiv e ly  and i s  very  

tra n sito ry , suggesting that the read ily  m obilised  glycogen  

o f the l iv e r  was much reduced. Case V again reacted w ell 

to  the adrenaline, though much l e s s  so than on ordinary d ie t .  

In case I  there i s  only a s lig h t  d ifferen ce  but the balance 

i s  on the sid e o f the normal d ie t .  This i s  a lso  the case  

w ith VI though th e  response made to  adrenaline, on e ith er  

d ie t , i s  not marked. Case IV i s  the only one where the 

d ifferen ce in mgs* o f blood sugar shows a higher r is e  on 

the Jcetogenic d iet though again the r is e  i s  not so sustained  

and the area the curves represent i s  greater under normal 

dietary conditions*

I t  i s  worthy o f note th at the f i r s t  curve obtained in  

t h is  case (case IV) w hile on a ketogenic d ie t  showed a 

response which one would expect to  obtain a fte r  an in je c t io n
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©f in su lin . The c h ild  vomited and did not f e e l  w ell 

during the t e s t  though t h i s  was not known t i l l  afterwards.

A sim ila r  rev ersa l o f  r e su lts  was obtained, on normal d ie t ,  

a fte r  in je c t in g  in su lin . Phe reason fo r  such behaviour 

i s  obscure a s on the in je c t io n s  o f adrenaline and in su lin  

(see fa b le  y i n )  being repeated normal responses were 

obtained.
(54)

B lottner and P ita  have demonstrated th a t nadrenalised(1 

blood does not contain  in su lin  so i t  i s  u n lik e ly  that the  

adrenalin should cause a secre tio n  o f in su lin  thereby  

producing hypoglycaemia; or, v ice  versa , that an in je c t io n  

o f in su lin  should cause a re lease  o f adrenaline. But
(35)

Macleod has suggested th a t the recovery of the blood sugar 

follow ing in su lin  i s  associa ted  w ith  a hypersecretion  of 

adrenaline and i t  may be th a t in  t h is  case t h is  balanced  

reaction , i t  i t  dhes e x is t ,  i s  over se n s it iv e  and responds 

too  soon, so that the normal reaction  is  overshadowed by 

th e  compensatory one.

D iscussion .

I t  is  gen era lly  accepted that the hyperglyoaemia 

produced by the in je c tio n  of adrenalin  i s  due to  the re lease  

o f  l iv e r  glycogen and th a t i f  th ere  is  no l iv e r  glycogen  

ava ilab le  no hyperglyoaemia occurs. Proof that the l iv e r

w



i s  involved in  t h i s  hyperglyoaemia has been given  by Mann
(36)

and Magath who showed th a t when the l iv e r  had been removed 

in je c t io n s  o f adrenaline had no e f f e c t  and do not prevent 

the hypoglycaemia which i s  th e re su lt  o f hepateotomy.
(37)

C o llin s , S h e llin g  and Byron a lso  showed that a f te r  the 

a r te r ia l exc lu sion  o f th e  l iv e r  adrenaline f a i l s  to  cause 

an increase in  the blood sugar during the resu ltan t hypo-

T -  ^ 58)Gd*i and Coni have suggested that the m ob ilisa tion  of

l iv e r  glycogen alone i s  an inadequate explanation o f the

hyperglyoaemia and that in  addition  to  t h i s  adrenalin

in h ib its  the u t i l i s a t io n  o f th e sugar in  th e peripheral
( 28 )

t is s u e s  of the in ta c t animal. Du Vigneaud and Karr 

found th at w ith gLucose and adrenaline in jected  togeth er the  

resu ltan t curve was higher than t  be sum o f the curves o f  

these two substances when given  alone. Phey therefore  

suggest that adrenalin prevented the storage of sugar. I f  

t h i s  were so one would expect that the blood sugar values  

would r i s e  even i f  there were an absence of glycogen in  the  

l iv e r  since the adrenaline would prevent the t is s u e s  from 

removing more sugar from the blood and allow  whatever 

g ly c o ly s is  was proceeding to  accumulate in  the blood stream. 

P his might account for  the r i s e  in  blood sugar on a ketogenic 

d ie t  obtained in  a few of the above oases even though there



was dep letion  o f l iv e r  glycogen. I t  i s  u n lik e ly , however, 

that the l iv e r  was quite devoid o f glycogen and that those  

su b jects which showed hyperglyoaemia a f te r  adrenalin  while on 

a high fa t d ie t  s t i l l  possessed  some glycogen in  the l iv e r  

depots.

fh a t the lessen ed  hyperglyoaemia is  not due to  adrenalin  

stim ulating  in su lin  more thoroughly under the con d ition  o f
(34)

a k e to s is  has been shown by B lottner and F itz  who could not 

demonstrate in su lin  in  Madrenalised” blood though i t  was 

present in  " p itu itr in ised "  blood.
(39)

Burn and Marks have shown that an increased response to  an 

in je c tio n  o f  adrenaline i s  obtained a f te r  feeding rab b its on 

thyroid  for e igh t days. I f  however the thyroid  feed ing i s  

continued fo r  ei&hteen days a much lower response to  

adrenalin i s  obtained. On estim ations o f the l iv e r  glycogen  

being made i t  i s  found th at a fte r  e igh t days there i s  very 

l i t t l e  decrease in  the glycogen but th at a f te r  eighteen  days

the reserves of l iv e r  glycogen are much depleted .
h (40)

MeDauell and Underhill found that rabb its fed on an acid

forming d iet gave a lower response to  adrenalin than rabbits

on a base forming d ie t  or a mixed d ie t .  The base forming

d ie t , co n sis tin g  of carro ts, i s  a much heavier carbohydrate

d iet than the acid  forming d ie t , and la y s  down a heavy

deposit o f glycogen in  the l iv e r  o f the rabbit. fha

d ifferen ce /



d ifferen ce  in  th ese  two r e su lts  might he explained on the  

v a r ia tio n  o f a v a ila b le  glycogen and not on t i e  change in  H 

ion. c oncent rat ion.

I t  may be th a t adrenaline i s  not such an e f fe c t iv e  

m obiliser o f  glycogen under the disturbance o f acid-base  

balance or k e to s is  which occurs on a ketogenie d ie t  but sin ce  

sim ila r  r e su lts  are found in  rab b its a f te r  thyroid  feeding  

in  whom there i s  no disturbance o f such a hind we are 

in c lin ed  to  th ink  that the lessen ed  response i s  due to  the 

dep letion  of l iv e r  glycogen. I t  i s  u n lik e ly  that t h is  

le ssen in g  in the response to  adrenaline during a k e to s is  

in vo lves the m uscles to  any extent sin ce i t  i s  the l iv e r  

which co n tro ls  the sugar content o f the blood as was shown
n  (41)

by Bollenan, Mann and Magath.

A dditional evidence of there being such a d ep letion  o f  

l iv e r  glycogen on a high fa t d iet i s  presented in  the  

fo llow ing r e su lts  a fte r  the in fec tio n  o f in su lin  though 

there w i l l  f i r s t  o f a l l  be d escrib ed  a se r ie s  o f r e su lts  

fo llow ing the in je c t io n  of p itu it r in .

Bart IV*

Blood Sugar Curves a fte r  B itu itr in  In je c tio n .

Since p itu itr in  produces a hyperglyoaemia somewhat 

sim ilar to  th at of adrenaline, though of a le s s e r  degree, i t
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was decided to  perform the sipae experiment as above, g iv in g

the su bjects ♦ 5cc o f "Infundin" (B.W.& Co) hypodermically

and taking the blood sugar at fa s t in g  and 10, JO, 60, 90

and 120 minutes a fte r  the in je c tio n  of the p itu it r in . The

experiment was carried  out on

A* Hormal D iet, and 
B* "Ketogenic11 D iet.

The r e su lts  are tabu lated  in Table VIII and a represen

ta t iv e  curve and a composite curve shown in  Chart IV, the 

remainder o f the graphs being found in Chart IVa.

£> Loop <'L> rt £ 11 n  t T~R i X* cJ~ * on.,0 /2.
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$he hyperglycaemic e f fe c t  was not so marked as th a t o f  

adrenaline and in  two of the ca ses on normal d ie t produced 

no r is e  in  the blood sugar le v e l .  I t  was n oticed  th at in  

every one of the su b jects  marked p a llo r  of the skin  was 

produced and a l l  complained o f cramp-like abdominal pains* 

fh ese  symptoms la s ted  for at le a s t  th ir ty  minutes a fte r  the  

in je c t io n .

In eases I I I  and VI no hyperglyoaemia was produced* In  

cases I i IV and VII the r is e ,  though s l ig h t ,  was quite  

d efin ite*  In ease I I  the hyperglyoaemia at 10 and 30 minutes 

was marked but the fa s tin g  le v e l  had been regained by one hour. 

Case V gave a prolonged hyperglycaemic reaction . £h is case 

reacted w e ll to  adrenaline as has already been noted.

On normal d ie t ,  th erefore , only a s lig h t  hyperglyeaemia 

occurs a fte r  the in je c tio n  o f *5oo of p itu it r in .

On ketogenic d iet the response i s  very s im ila r , the 

d ifferen ce being that th e  le v e l of the blood sugar i s  lower 

but the percentage r is e  is  p ra c tio a lly  th e  same* In oases 

I  and I I I  there was no d e f in ite  hyperglyoaemia. Case I I I  

reacted not at a l l  to  p itu itr in  on e ith e r  d iet and a s im ila r  

"tolerance11 to  in su lin  was drawn. £ h is  i s  in  marked contrast 

to  case V who responded w ell to  adrenalin , in su lin  and 

p itu it r in . Both th ese  ch ildren  gave sim ilar responses to  

the in gestion  o f  g lucose and there, seemed no apparent reason 

why/
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why they should d if f e r  so markedly in  t i ie ir  response to  

th ese  endocrine substances.

Ih cases I I  and V, the r is e  in  s l ig h t ly  l e s s  than on 

nozmal d ie t but in  cases IV, VI and VII the hyperglyoaemia 

i s  s l ig h t ly  more marked on ketogenic d ie t .

A ketogenic d ie t therefore does not seem to  a ffe c t  in  

any way the actio n  of p itu it r in .

Part V

Sugar ToBerance a fte r  " P itu itr in  Peeding” .

By the term ”p itu itr in  feed ing” i s  meant the g iv in g  o f

• 5oo o f Infundin four tim es d a ily  for two days to  th e  subject

o f  the experiment and on the morning o f the th ir d  day an

amount o f  g lucose equal to  1 grm. o f g lu cose per kgrm. of

body weight i s  given and th e  blood sugar estim ated at fa stin g

and i ,  1 . l i ,  and 2 hour periods a f te r  the in je c t io n . As

the ”p itu itr in  curve” was estim ated the afternoon previous

to  the day upon which t h is  ”p itu itr in  feed ing” process was

commenced, i t  meant th at the c h ild  received over a period

o f 60 hours 4*5©■<* o t  p itu it r in  subeutaneously. This process

was carried  out on

A« A Normal D iet, amd 
B* A "Ketogenic” D iet.

The r e su lts  are tabulated  in  Table IX* Chart V shows 

a representative case and the composite curve. Tor comparison 

the g lucose curves without " p itu itr in  feed ing” are a lso  given.
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The e f fe c t  on the to lerance for glucose i s  in te r e s tin g  

In every one o f the cases the curve was lower, the maximum 

blood sugar value being le s s  than that where no p itu it r in  

had been administered, and the value at the end of the two 

hours was nearer the fa stin g  level*

One/



One ea se , A.H., not included in  th is  work, showed a

blood sugar curve w ith 22 grm. o f  g lucose as fo llo w s,

ih x . lh x . l ih r .  2hr.
,11^% .201% .208% .166% .109%

and g lycosu r ia  was present* He was g iven  p itu it r in

four tim es d a ily  for th ree days and the t e s t  repeated w ith

th e fo llow ing r e s u lt .

F*B.S« £hr. lh r . lih r*  2hr.
.085# .162^ .184# .103% .053%

and no sugar appeared in  the urine.

Though the re su lts  d eta iled  above show th at the  

d ifferen ce i s  s l ig h t  yet i t  i s  co n sis ten t and i t  seems as 

though the in fe c tio n  o f  p itu itr in  had increased the to lerance  

for  g lucose.

On a ketogenic d ie t  much the same sort o f resu lt was 

obtained. In case I  at two hours the curve was s t i l l  at 

♦1935$ w hile a fter  " p itu itr in  feeding" i t  had fa lle n  to  *131$* 

In case I I  the blood sugar was s t i l l  r is in g  at the two hour 

period, being *231% whereas a fte r  p itu itr in  the value at 

the end o f  the te s t  was . 177$ only. In cases IV, V and 

VII the r e su lts  are somewhat s im ila r . In case VI the curve 

a fte r  " p itu itr in  feeding" on high fa t  d ie t  i s  lower than 

that obtained a fter  glucose alone on a normal d ie t .

The in je c t io n  of p itu it r in , th erefore , over a short
. __________^  i

period/
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period in creases the to leran ce for sugar and t h is  e f f e c t  

i s  ju st as marked on a ketogenic d ie t  as on a normal diet*  

D iscussion .
(36)

Mann and Magath have demonstrated th a t there i s  no 

r ise  in  blood sugar a fter  the in je c t io n  o f p itu it r in  i f
(431)

the l iv e r  i s  removed and Glark has shown th a t the muscles 

are not the cause of p itu it r in  hyperglycaemia. Hhe source 

o f the increase in  the blood sugar conten t, th erefo re , would 

seem to  be the l iv e r .  I t  i s  w ell known th at p itu itr in ,  

given to  a p atien t su ffer in g  from in su lin  overdosage, 

produces the same e f fe c t  as an in je c tio n  o f adrenalin; a 

r e l i e f  in  the symptoms o f hypoglycaemia and an increase in  

the content o f the blood sugar. One might conclude on 

these grounds that p itu it r in  produced an increase in  l iv e r  

g ly co g en o ly sis . I f  t h is  were so and the reaction  was 

sim ilar  to  that o f adrenalin , one would expect a change in  

the response such as occurs with adrenalin  during a ketogenic  

d ie t . Ho such change in  response can be demonstrated.

Some other fa cto r  must control p itu itr in  hyperglyoaemia than  

the glycogen content o f  the l iv e r .

A reasonable explanation to  explbain why " p itu itr in  

feeding" should increase the sugar to lerance does not 

present i t s e l f .  I t  might have been expected since a high  
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fa t d ie t caused a decrease in  sugar to leran ce th at  

Mp itu it r in  feed ing11 would have enhanced t h i s  e f f e c t  sin ce
(43)

Goope and Chamberlain showed th a t p itu it r in  increased

markedly the fa tty  acid  of the l iv e r ,  but t h is  was not 
(44)

so . MeKinlay demonstrated th a t p itu it r in  increased the

basal metabolism and t h is  may have some bearing on the

increased a b il i t y  o f  the t is s u e s  to  u t i l i s e  g lu cose .
(34)

B lottner and V itz suggested that p itu it r in  m olib ised
(45) (46)

in su lin . Stenstrom and Burn showed that p itu it r in  

prevented the hyperglycaemia of adrenaline and th is  

antagonism might be due to  p itu it r in  m obilising insu lin*

I f  th erefo re , p itu it r in  increased the production o f in su lin  

the increase in  sugar to lerance might be the resu lt o f an 

increased u t i l i s a t io n  by the peripheral t is s u e s  of g lu cose , 

brought about by t h is  increase in  in su lin . Since i t  i s  

the muscles which are concerned in  th is  in cr e a se ^ u tilisa tio n  

of sugar there would be no d ifferen ce in  response w hile  

on a ketogenic d ie t  which as adrenaline and in su lin  (in
S  V\ Ou? <rv

the fo llow ing sectio n ) have 'drawn c h ie f ly  seems to  a ffe c t  

the function  o f the l iv e r .

f h i s  hypothesis might be a reasonable one i f  i t  were 

known only th at p itu itr in  antagonised adrenaline and 

m obilised in su lin  but tbe contradictory fa c t  that p itu it r in

a lso  antagonises in su lin  action  has been demonstrated by
(46)
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(46)
Burn and t h is  work has been confirmed by o th ers, There 

i s .a l s o  the c l in ic a l  fact th a t p itu it r in  counteracts the 

e f f e c t  o f in su lin  overdosage in  hypoglycaemia a tta ck s.
(47)

Coope showed that the increase in  the fa tty  acid  o f  th e

l iv e r  a fte r  the in fe c t io n  o f p itu it r in  could  be prevented
(48) (42)

i f  in su lin  were a lso  in jec ted . lambie and Clark

demonstrated that i f  the l iv e r  were excluded t h is  antagon

i s t i c  action  o f p itu it r in  did not e x i s t ,  th e l iv e r  being  

necessary for i t s  a c tio n , though th is  re su lt may have been 

due to  the fact that the removal o f the l iv e r  produces 

hypoglycaemia in  any case#

P itu itr in  in h ib its  the action  o f in su lin , an action  

sim ilar to  that o f adrenalin, yet at the same time i t  

in h ib its  the actio n  of adrenalin  when in jected  along with  

it*  No theory can be elaborated which exp lains th ese  

contradictory facts#

Bart VI»

Blood Sugar Curves a fte r  the In jec tio n  o f In su lin . 

The resu lt recorded a fte r  the in je c t io n  of adrenaline  

while the subjects of the experiment were receiv in g  a 

ketogenic d iet suggests that there i s  a decrease in  the  

d ep osition  o f glycogen in  the l iv e r  and i t  i s  in te r e s t in g  

to  view the r e su lts  o f in su lin  adm inistration in  the l ig h t  

of th is  hypothesis.

The/
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52 .

The dose o f in su lin  throughout the experiments was

5 u n its  (A.B.brand, B.-0-.H.) and samples o f  blood were taken

at fa s tin g  and at 10, 60, 90 and 120 minutes a fte r  the

in je c t io n . The in v estig a tio n  was carried  out while the

ch ildren  were on

A# Hormal D iet, and 
B* "Ketogenic” D iet.

The r e su lts  are tabulated  in  Table 21 and one represen

ta t iv e  curve and the composite curve shown graph ica lly  in  

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

in  Chart Via*

Chart VI.
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On normal d ie t 5 u n it s 'o f  in su lin  produced a very 

s l ig h t  hyp^fglycaemic reaction . In  cases I  and VI there  

was p r a c tic a lly  no change, a drop in  value of 10 and 5 nigs, 

o f blood sugar only being noted, v a r ia tio n s which l i e  w ith in  

the range o f experimental error. Cases I I ,  V and VII 

showed a more d e f in ite  response, the maximum f a l l  occurring  

at the 4 hour and values th erea fter  r is in g  again to  fa s t in g  

le v e l  in  14 and 2 hours.

Cases I I I  and IV did not react to  in su lin  in the  

manner o f  the other su b jects in  th is  experiment. A r is e  

of 22 mgs. in  case i n  was obtained w ith an in je c t io n  o f  

5 u n its; on th e  t e s t  being repeated two days la te r  a very 

irregu lar curve was th e  r e su lt , showing at the 4 hour a  

drop in  value o f  7 rags, in  the blood sugar and at the hour 

period a r is e  o f 15 mgs. In case IV there was a r ise  in  

blood sugar o f 27 mgs. 10 minutes a fte r  the in su lin  in je c t io n  

and the curve did not return to  fa s tin g  le v e l  t i l l  one hour. 

The second t e s t  however produced th e  normal response, a 

drop in  the blood sugar of 37 rags, being obtained. This 

su b ject, as has been noted above, gave a sim ilar  reversa l 

o f r e su lts  with the adrenalin  in je c tio n  w hile on a ketogenic  

d ie t , though the response was normal on a second in je c tio n  

being given four days la te r .  The s ig n ifica n ce  o f  th ese  

v a r ia tio n s, i f  any s ig n ifica n ce  at a l l  can be attached to  

them/



them, has been d iseussed  in  the previous se c t io n .
(39)

Burn and Marks found that the hyperglycaemia a fte r  

adrenalin  v a r ie s  w idely in  d iffer en t rab b its as does a lso  

in su lin  hypoglycaemia. They demonstrated th at in  those  

rabbits showing a marked hype rglycaem ic response to  

adrenalin , the hypoglycaemia produced by in su lin  i s  l e s s ,  

a resu lt which they  consider to  be due to  adrenalin  

stim ulatin g  the g ly co g en o ly tic  fun ction , and th e glyco— 

g en o ly sis  so produced causing a decrease in  the in su lin  

hypoglycaemia.

In th ese  r e su lts  no such co r r e la tio n  i s  found. In 

cases I  and VI, where in su lin  had but l i t t l e  e f fe c t  ,the  

r is e  obtained with adrenaline was l e s s  marked than in  any 

of the other ca ses . In case V in su lin  produced a w e ll 

marked hypoglyeaemie reaction  yet th e  hyperglycaemia 

produced by the adrenalin  was much above the average.

I f  the rea c tio n  to  in su lin  on normal d ie t  was not 

str ik in g  the response a fte r  a ketogenic d ie t  was quite  

d iffe r e n t . In a l l  of the ca ses  but one the hypoglyeaemie 

reaction  was marked and in  three o f the cases d e f in ite  

symptoms o f  hypoglycaemia were noted.

The duration o f time the subject was on the ketogenic  

d iet had but l i t t l e  bearing on the r e s u lt .  Gases V and 

711/
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VII were f iv e  days, I  and I I ,  s ix  days, VI, e igh t days, 

and XV, twelve days and the in su lin  had much the same 

e f f e c t  upon each. Case IV gave two p r a c t ic a lly  p a r a lle l  

curves, though one was performed on the seventh day and 

the other on the tw e lfth  day.

Ihe le v e l o f the fa s tin g  blood sugar seemed to  have 

l i t t l e  in fluence on the resu ltan t hypoglycaemia as is  

shown by the fo llow ing fig u res .

Case
Fasting  

Blood Sugar
low est
va lu e. Case

Fasting  
Blood sugar

low est
value.

I . . 075^ .04002 V. .09252 .07252

I I . . 102/2 . 030$ VI. .08152 •03552

I I I . . 067$ . 056$ VII. .06452 .04352

IV. .10052 .055%

(50)
I h is  was commented upon by MacLeod who demonstrated 

th a t in  rab b its the le v e l  o f the blood sugar e x is t in g  at 

the time of the in je c tio n  Af in su lin  and th e  steepness o f  

the i n i t i a l  f a l l  in  blood sugar are not re la ted , u n less  

the le v e l  be very high when the descent becomes somewhat 

more rapid.

Case I I I ,  who reacted but s l ig h t ly ,  seemed to  have a 

to lerance for in su lin  shared by none of the others, and 

th e /
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the response e l i c i t e d  was very s l ig h t .  S im ilar in d e fin ite  

re su lts  have been recorded with t h i s  case while on a normal 

d ie t .

In ease I  the blood sugar f e l l  to  . 042$  in  4 &n hour 

and remained at th at le v e l  t i l l  the 14 hour period when 

i t  had reached a value o f  . 040$* The two hour sample o f  

blood sugar was .064$* The subject showed no s ig n s , and 

complained o f  none o f the symptoms o f hypoglycaemia. fhe  

maximum e f fe c t  o f the in su lin  in  case V occurs at the 14 
hour period, the blood sugar value being *055$* The 

actual f a l l  in  the blood sugar in  case V was only 20 mgs. 

but t h is  lower value p ers is ted  t i l l  the 2 hour period and 

the curve showed no tendency to  regain  the fa s t in g  le v e l ,  

the e f fe c t  being much more prolonged than on normal d ie t .

In case I I  there was a sharp drop to  *065$

4 hour but the blood sugar continued to  f a l l  and 24 hours 

a fte r  the in je c t io n  o f in su lin  the value was only .030$. 

About i  hour before t h is  la s t  specimen o f blood was taken  

the c h ild  became very flushed , em otional, and complained 

of severe fron ta l headache and la s s itu d e . She was given  

20 grm. o f g lucose and her evening meal and in  30 minutes 

the blood sugar was *060$ and the c h ild  was ^uite w e ll 

again.

Case/
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Case VI showed & sim ila r  se n s it iv e n e ss  to  in su lin ,  

fh e  blood sugar f e l l  rap id iy  to  *042$ at th e  i  hour and 

continued to  f a l l  t i l l  at the 1% hour period the value  

was *035$. At the t  hour or thereabouts, th e hoy became 

drowsy, p a le , perspired fr ee ly  and complained o f " fe e lin g  

queer". f h i s  la s te d  for  one hour, th e  symptoms remaining 

the same and not in creasin g  in  sev er ity  u n t il  the 14 hour 

period when glucose had to  be g iven . In i  hour the  

blood sugar had r isen  to  *104$ and he was quite recovered*

In case VII th e  blood sugar f e l l  to  *055$  at the 

i  hour and continued to  f a l l  t i l l  at 2 hours the value 

•043$  was reached* Between the § hour and the 1 hour 

period the boy complained o f " fee lin g  i l l " « he was very 

flushed and perspired freely* By the l i  hour period he 

had recovered and sa id  he was, and seemed to  be, q u ite  

w e ll, though the blood sugar value was actu a lly  lower than 

b efore•

from a study o f th ese  cases conclusions may be drawn 

regarding the le v e l  o f blood sugar at which hypoglyeaemie 

symptoms occur* Case 1 showed no symptoms though the  

blood sugar was between *042$ and «040$ for  at to a st  one 

hour. In case VI symptoms were m anifest when the value 

•042* was reached but increased in  sev er ity  at the le v e l  

o f /
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o f . 055^ . In case I I  symptoms appeared near tlie value  

• 030fo* Case VII had symptoms w ith a blood sugar content 

o f *053^ but th ese  had cleared  up when the value was •043$* 

i#e* lower than before*

I t  would seem that the blood sugar le v e l  at which 

h&poglycaemic symptoms supervene l i e s  somewhere near *040$
wand •05Q>* MacLeod e t  a l i i  found th a t in  rab b its  

hypoglycaemic convulsions occurred when th e  blood sugar 

le v e l  was, on the average, *045$* the low est le v e l  at 

which no convulsions occurred being *037$ &&& the h ighest 

le v e l  at which a convulsion  occurred being .063$* Mann
( 52)

and Magath a lso  found that in  dogs th e  hypoglycaemic le v e l
^  ^ +  (32) varied  between . OoCyfe and *030$* T albot, Shaw and Moaiarty

report, in  e p ile p t ic s  who were fa sted  for 10—14 days,

blood sugar l e v e ls  o f an average value o f  .046$# One o f

th e ir  cases with a c id o tic  symptoms had a blood sugar content
( 3 3 )o f <>038fe* Weymuller and Sch loss record blood sugar

values as low as #042^ and *035$ without any symptoms of 

hypoglycaemia. Two d iabetic  ch ild ren , under treatment 

in  the Boyal Howpital for S ick  C hildre, w hile su ffer in g  

from hypoglycaemic symptoms showed blood sugar va lu es o f  

♦ 037$* One o f the ch ild ren , who frequently  took hypo-

glyeaemic convulsions always reg istered  t h i s  low le v e l  

during/
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(21)
during the a ttack . Widnas reports in  a d iab etic  a blood 

sugar o f  *038$ without any hypoglycaemic symptoms. As 

already reported in  t h is  paper, a c h ild  a fte r  an e igh t hour 

fa s t  had a blood sugar content o f . 040J5 on two occasions  

and was not disturbed in  any way .

Some workers have considered th a t some o f th e  symptoms 

of c y c l ic a l  vom iting and o f a c id o s is  are due to  the low 

blood sugar and strength i s  given to  t h i s  view because the  

adm inistration o f glucose in  these con d ition s r e lie v e s  the  

symptoms. I t  can be seen from the above however that

though a low blood sugar may produce a w hypoglycaemic *y Zbii Ou*d VO
attack there are other occasions when the sugar^supervene*. 

Some other fa c to r  would seem to be necessary, combined w ith  

the lowering of the blood sugar, before m anifest symptoms 

are produced.

D iscussion .

I t  i s  obvious from the above r e s u lts  that w hile on a 

ketogenic d ie t th e hypoglycaemic action  o f in su lin  i s  

accentuated and that there i s  only a s l ig h t  tendency for  

the blood sugar to  regain i t s  normal fa s t in g  le v e l .  Is  

a decrease in  the glycogen content o f the l iv e r  s u f f ic ie n t  

to  account for th is?

When in su lin  was given to depanereatised dogs i t  was 

found that glycogen was deposited in  the l iv e r  and i t  was 

thought/
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thought, th erefo re , that the l iv e r  under the in fluence o f  

in su lin  removed the sugar from th e  blood stream and
( 53)

converted i t  in to  glycogen. Dudley and Earrian and
(54)

Babkin found, however, th at rabb its fed on oarrots and 

then in jec ted  with in su lin , showed a reduction o f glycogen
( 55)

in  the l iv e r  and s k e le ta l m uscles. F isher and lackey

demonstrated s im ila r  r e su lts  in  dogs. Others have> worked

at t h is  problem and found more or le s s  the same r e su lts

and so far no one has con clu sively  demonstrated that

glycogen formation in  the l iv e r  i s  prim arily a fa c to r  in

causing the f a l l  in  blood sugar a fte r  in su lin  adm inistration*

Whatever the cause of the increased response to in su lin

while on a ketogenic d ie t  i t  i s  not l ik e ly  to  be due to  &

stim ulation  o f the glycogenic function  o f the l iv e r .

Further research was done by various workers on the

problem o f  what happened in  the normal animal when in su lin
(56)

was given and Bum and Dale showed th a t the sk e le ta l

muscles are la rg e ly  responsible fo r  the disappearance of

dextrose under in su lin . This was confirmed by B est, Haet 
(57) -  158)

and Marks. Co*i and Gotti found that along with the

decrease in  l iv e r  glycogen there was an increase in  sugar
( 59)

oxidation  and la te r  they came to  th e c&nclusion th a t the  

decrease in  deposition  of glycogen in  the l iv e r  under the 

action  of in su lin  was due to  an increase in  the u t i l i s a t io n  

o f /



o f absorbed sugar in  the peripheral t i s s u e s .  Maeleod

and h is  co-workers have shown th a t during the a c tiv e

absorption o f carbohydrate large amounts o f  in su lin  cause

glycogen to  be deposited  in  the muscles t h i s  being

accompanied by a corresponding decrease in  the amount
(6l)

deposited in the l iv e r .  Mann and Macgath demonstrated 

that the presence of th e  l iv e r  was not necessary for the 

hypoglycaemie action  o f in su lin  although they  did not 

consider that t h i s  precluded the l iv e r  from being in d irec tly  

involved in  th e  action .

I t  might be, th erefo re , th a t the peripheral t i s s u e s ,  

under the in fluence o f  a k e to s is  or a c id o s is  absorb more 

sugar from the blood stream than normally and so prevents 

the return o f  the blood sugar to  a normal fa s tin g  va lue.

That t h is  i s  an u n lik e ly  explanation i s  shown by the reaction  

o f the organism to  g lu cose , the Jiyperglycaemia being marked 

and prolonged, not reduced as i t  would be were the t is s u e s  

u t i l i s in g  sugar at a quicker rate than usual.

The change in  the acid  base equilibrium  which i s  

produced by an e f f e c t iv e  ketogenic d iet might qu ite  

p o ssib ly  have an e f fe c t  on the response to  insulin^but i t  

i s  in te re stin g  to  note in  t h is  connection th a t Page fed  

rabbits on an acid  fbrming d ie t  and found that they were 

more re s is ta n t to  in su lin . This acid  forming d ie t  caused



a r ich  deposit o f  glycogen in  the l iv e r  so i t  would seem 

th a t the amount o f glycogen in  the l iv e r  was o f more 

importance than the disturbance in  ac id-base equilibrium . 

Also there i s  no k e to s is  accompanying th e la t t e r  disturbance 

in  acid-base balance as there i s  in  th e  a c id o s is  o f  a 

ketogenic d iet* I f  the r e su lts  reported here are due to  

a d ep letion  of glycogen in  the l iv e r , , i s  the k e to s is  the  

important fa c to r , and not the a c id o s is , in  producing t h is  

depletion?

I s  th e re , then, a marked reduction in  the d ep osition
(61)

o f glyc ogen in  the liv e r ?  Mann and Magath have shown

that the hypoglycaemic action o f in su lin  does not depend

prim arily upon the l iv e r  but th at u n less the l iv e r  i s

present no recovery o f blood sugar occurs* That i t  i s

not the muscles which contribute to  t h i s  recovery a fte r
oin su lin  hypoglycaemia was demonstrated by B&llman, Mann 

( 41)
and Macgath who proved th at the glycogen o f the m uscles 

i s  incapable of rapid conversion to  glucose to  maintain
« ( 57)

the le v e l  o f sugar in  the blood. B est, Haet and Marks 

demonstrated that no decrease o f muscle glycogen occurred 

in  in su lin  hypoglycaemia un less severe convulsions took  

place* That the prolonged action  o f  in su lin  i s  not due 

to  any in h ib itio n , by the k e to s is  or a c id o s is  o f  the
(63)

adrenals was shown by Stewart and Rogoff who found th a t  

th e /
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the action  o f  in su lin  on rab b its which had survived the  

complete removal o f  the adrenals was the same as in  the  

normal animal*

In th e  lig h t  o f  t h i s  knowledge th e  re su lts  o f the 

above experiments would seem to  point to  there being a 

deficiency  in  the glycogen sto res  o f the l iv e r  and that 

t h is  i s  the reason for the increased and prolonged in su lin  

action* Others workers who have in v e s t ig a t id , t h i s  problem
/U>eî

earried  out th e ir  experiments on animals and mem in  a

p o sit io n  to  estim ate the glycogen content o f  the l iv e r .
C§4)

Macleod e t  a lia  found th a t in  rab b its , the rich er the

gLycogen content o f the l iv e r  the more r e s is ta n t  to  in su lin
(39)

they were. Burn and Marks demonstrated th a t a fte r  feed in g  

thyroid  for 18 days to  rabb its they showed an increased  

se n s itiv e n e ss  to  in su lin  and on estim ating the glycogen  

content o f  the l iv e r s  i t  was found to  be reduced* Baper
(65)

and Smith a lso  found in  decerebrate cats^from which the

p itu ita ry  body had been removed /that in su lin  produced a

more marked e f fe c t  when the glycogen of the l iv e r  was
(66)

reduced. Lawrence has a lso  pointed out that in  p a tie n ts  

su ffer in g  from d iabetes m e llitu s , in su lin  i s  much more 

e f fe c t iv e  when the glycogen s to re s  are empty.

!£he conclusion  can th erefore be come to  that whatever

th e /
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the cause there i s  a d ep letion  o f glycogen in  th e l iv e r .
(67)

Blatherwi#K and h is  co-workers have shown th a t an acid  

forming high carbohydrate d iet can lay down glycogen in  

the l iv e r  and muscles so th at i t  does not appear as though 

the a c id o sis  per se in terfered  w ith  th e  glycogen ic action  

o f the l iv e r  and i t  may be th at i t  i s  the k e to s is  which 

i s  the important fa c to r  in  the disturbance of carbohydrate 

metabolism.

Bart Y U .

t!fhe la ev u lo se  f  estU 

Whatever the reason, ketogenic d ie t lowers the to leran ce  

fo r  g lucose and evidence has been presented in  parts I I I  

and VI to  the e f fe c t  that there i s  probably a reduction o f  

the glycogen content o f the l iv e r .  f h i s  dep letion  o f l iv e r  

glycogen may not be due to  any fa ilu r e  on the part o f  the  

l iv e r  to  perform i t s  glycogenic function, but may occur 

because of the heavy demands made upon i t  to  supply the  

body w ith the necessary carbohydrate which i t  f a i l s  to  

receive on a high fa t ,  low carbohydrate d ie t .  I f ,  however, 

there i s  an actual reduction in  th e a b il i ty  o f  th e l iv e r  to  

perform i t s  glycogenic function  then one might expect the  

"Laevulose Test" to  be p o s it iv e . Bhe Laevulose Test i s  

based on the fa ct th at there i s  no appreciable r is e  in  

th e /



pqt m I 
Oil

pq S-t

rH

"J3Hi
PQ
< r
EH

05 W 2 «fcQ
§31*pq|0
-4 oit—i
co pq pqi
Pnlo
I = > iot~*
& ! ©<=4 i bl)■cb|g

©bO
t\3
•P

! © 
PM
©

Ph

f=HH
K
l=>

©10
H

O
CM
rH

O
|CO

to
■H rH  
- P  ©m > 03 0 
Ph 1-4

EHpq
M
Q

-P  rH •
p  <vh *> ra
g o © S£  cc bn
"4 M

pq
m
<4o

[
a

ra

£

+
i +

HjW
rH

t
+ H- + + + +

©
ao

•  + 3
H  © 
•H  O
0 5  < 4

© I  03
3 !  bD 
O  0  

•  - P i  CQ 
rH  ©  I rH  •  
•H  O i  *H f-t 
^  <*} j Qq E h 

i 
i 
i 
i

i

M
l

.

A
c

e
t

o
n

e

M
l

A
c

e
t

o
n

e ©
a
o
- p

r H  ©  
•H  O
£ 5  < 4

©
o

• p  
rH  ©
•H  O

<4 M
l

A
c

e
t

o
n

e

M
l

A
c

e
t

o
n

e

•
CD CO

■ -

o  o
H  tO CM tO

to
o  

i ^
CO IQ  
rH  Ht

' t j t  to *^t I S  
t o  rH  CO

CD I S
H  tO

CO rH
CO H*

H 1 CM CD 
rH  CO rH

•
•  CM 

CD CO
tO  O
H  0 0

I S  t o  
CM ^

H t
I CO

CM CO
H  CO

H* tO  tO  i—1 
tO  rH  tO

CO ^  
CM I S

tO  rH
CM H*

tO  CM 
rH  CM

1 >» 1 1 1 1 I !

I S
rH
rH  

I •

I I I !

CO rH  CM

I 1 1 1 I I 1

H  
H  
H  

I •

t o  o  
o  o
H  H  

•  •

CD CO 
0 2

4 4

i s
I  t o

H . .1
09

.1
62

tO  CD I S  O  
CO O  CD O  
O  H  O  rH

a  a  a a

t o
CD
O  1

a

I S  CD
CO 0 0  
H  O

a  a .0
85

.0
77

.0
89

.1
17

O  c >  
O  rH  
i—f rH  

•  •

H 1 rH  
CO C -  
H  rH  

•  •

O  CM 
o  t o  
rH  rH  

•  •

CO CM 
rH  to 
rH  rH

a  a

o  C> ®  CD 
O r i a o  
rH  rH  rH  iH

a  a  a  a

CM H* 
I S  CD
o  o

a  a

0  CO 
■ ^  CM

1 i rH
a  a

t o  I S  CO 
0 0  I S  CD
o  o  o

a  a  a

.0
94

.1
05

O
CD CO 
O  H  

•  •

CD CM 
^  t o  
rH  H

•  a

CM
rH  CO
i—i i—! 

a  a

I S  I S  
rH  CO 
rH  rH  

a  a

O  CD ©  CD 
O  CM 0 9  O  
H H 0 H

a  a  a  a

o
CD JH
O  H

a a

I S  s j t  
H 1 rH  
rH  rH  

a  a

o  o o  o  
H O  rH

a  a  a

CD tO  
O  CM 
rH  rH  

■ • .1
00

.1
00

CM CM 
CM to  
rH  rH

O  CM
o  t o
rH  rH

a  a

CO
rH  rH  
rH  rH  

a a

CD t o  
o  t o  ©  0 0  
rH  rH  rH  O

a a  a  a

Q  H 1 
o  CO 
rH  i—1 

a  a

CM CM 
t o
H  rH  

a  a

CM tO  
O  O  GO 
H  H  O

a  a  a

560*
001*

o
CD I S
o  o  • •

I S  I S  
rH  H  
rH  H  

•  ■

CM I S
i—1 i—1
H  H

a  a

•^ t I S  
O  rH  
i—1 rH  

a a

t o  o  O  0M
CD O  O  I S
O  H  H  O

a  a  a  a

1 ! 
.0

81
 

.0
77

CD O  
CM O  
rH  rH

a  a

o  CM t o  
CD I S  0 0
o  o  o

a  a  a

•  •
O  P q

iI

•  •
O  P q

•  •
O  P q

•  •
O  Ph

a  a
O  p q

a a a  a
o  o  o  P<
CO CM 

H

•  •
O  P q

a a
O  p q

•  •  •
o  Ph  P q

20

o
CM

0 0
CM

o
CM

0 0
CM

CO
CM

t o
CM

CO
CM

CD
r - |

I

•
H

.
CM

•
CO

a
H 1

a
to

a
to

a
I S

a
CD

•
o>



TA
BL

E 
XI 

(C
on

ti
nu

ed
)

+ + + + + + + +
© © © © © © © ©

• Pi Pi Pi Pi Pi Pi Pi Pi
F> o O O o O o O o
•—j*pH! • p P P -p P rp P H  P
M rH © rH © rH © H  © H  © H  © H  © •H ©

•H O •H O •H O •H O •H O •H O •H O ^3 O
£3 <3 Js< <tl <tj £3 <1 |23<1 £3 <3 *3}

c3
50 •
d  ra

Pi r n  to 1 CO O  rtf e -  CO to  CT» CO 00 <T> rtf C" 02 o  to
•H a CO 03 CO rH CO CO CD H  tO l—1 rtf i—I to H  a>

»d
© O
ra O rH c -
*H i—1 • rH CD CD C— Q <J> rtf 02 lO H  03 CD 02 a» co
P 5 pcfcR* 1 rtf H  CO rH 03 H H  e - 03 CD H  CD 02

•
U •
q5 o
t o © to I t I I 1 f 1 1 I I t 1 i i 1 1
d ra H

m o

«d pj •
O o O O  «tf rtf tO 02 02 tO 02 a> <y» to
O © :\2 1 cn O  CD 1 00 H  O O  O I a> 1 CD CD 02
H o3 H O rH O o H  O H  H o O O  H
ffl * •  • • ■ • •  • • ■ ft ft

Pt • o  *0 ca to rtf to to  co O  H to  02 02 CO co cr>
O © O rH CTJ H  H CD H H  02 O  H CD <7* O  O o  o

P 3* H  O H  H O  H rH rH H H O  O H  H H  H
H •  ■ • • ■ • •  • • • • ■ •  ■ •  •
©

CO • O  OH lO CO co co rtf 02 CO to rtf e' rtf C- rtf tO
60 ra D O  O 03 03 CT» 02 to  to H  CO er* CT» o  co O  O
s © CO i—11—1 rH HI O  rH rH rH H  H o  o H  H H  H

pH • • •  • •  • » • • • ft ft •  • •  •

© • to  o H  CO rtf CO CD CO O* CD to  o a> co rtf rtf
50 O o  CD CO rH H  H rtf rH H  H O  CD o  o O  CD
a3 CO rH O rH rH H  H iH H H  H H  O H  H H  O
+3 ■ • • * •  • •  • •  • •  » •  • •  •
Pi
© 50
o rt
u H rH CM e - H  cr> D- rtf cr» CO Ntf c - C- CO 02 tO rtf O
© fP © H c - HOD CT> CD H  tD O  &- oo to cr * e - CT* rtf

Ph ra > o  o H  O o  o H O H O o  o O  O O  O
as © • » • * • ■ tt • •  • ft ft •  • •  •
iq H

•
EH • • •  *

i
•  ft •  • •  • ft ft • • •  •

H O  pq O  pq O  pq O  Pq o  Pq O  pq O  Pt O  pq

p d
3  <M t> • •
Q O © ra O CO to O CD CO o CDB co bj 02 03 02 02 02 02 CO 02<3 i-3 50

• • • • • • • • •
O iH 02 co rtf to to O-

CO iH rH i—1 H i—1 H H H<£$
o



65.

the sugar content o f the blood a f te r  the in g estio n  o f  

laevu lose  in  in d iv id u a ls in  whom there i s  no d isea se  o f  

the l iv e r .  I f  the hyperglycaemia obtained shows a r is e  

o f over 30 then the l iv e r  i s  considered to  be

damaged. I t  was considered, th erefo re , that some further  

evidence o f l iv e r  disturbance might be obtained i f  t h is  

t e s t  were carried  out on

A. A Uormal D iet, and
B. A "Ketogenic” D iet.

Seventeen in v e stig a tio n s  were made. The ch ild ren  

who were used as the su b jects of the experiment varied  in  

age from 5 to  12 years. Thirteen o f  the ch ild ren  were 

convalescent from chorea, two from Acute Rheumatism, and 

one from Empyema. One case su ffered  from " P etit Mai” 

and during the period o f the experiment took frequent f i t s ,  

the ketogenic d ie t  having no e f fe c t  whatever on th e ir  

frequency.

To act as a c o n tr o l,blood sugar curves a fte r  1 grm. 

o f glucose per kgrm. o f body weight were estim ated on 

ordinary and on high fa t d iet. In one case only, case 14, 

the curve obtained while on a ketogenic d ie t  resembled that 

on normal d ie t . A ll the others showed a reduced to leran ce  

for g lu cose . The d e ta ils  o f t h is  work are not given sinoe  

they merely confirmed the find ings o f the f i r s t  part of t h is  

t h e s is .
The/
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The ch ild ren  were given  1 gxm* o f laevu lose (Merck’s

pure) per kgrm* o f "body weight and the sugar content o f

the blood estim ated at -J, 1* 1  ̂ and 2 hourly in te r v a ls .

M e urine was examined for sugar and acetone, specimens

being taken where p ossib le  immediately a fte r  the sample

o f blood had been removed.

M e r e s u lts  are given in  d e ta il  in  fa b le  XI.

M e average percentage r is e  in  the blood sugar a f te r

the in g estio n  o f laevu lose was only 17 mgs.$ and only one

o f the oases, case 6 , showed a r is e  o f over 30 mgs«$. M is

being considered an unusual r e su lt  the t e s t  was repeated

on two other occasions and a r is e  o f 6% and 1$% only
(68)

obtained. faylor-Ohadwick has shown that o cca sio n a lly  

cases o f chorea w ith attendant heart le s io n s  show an 

in to lerance to  laevu lose  and that t h is  may disappear a fte r  

an improvement in  the general con d ition  o f the p a tien t.

M is  may have been the case here though there was no very  

d e f in ite  change noted in  the c l in ic a l  con d ition  o f the  

c h ild . In two of the cases no r is e  was obtained at a l l  

and in  nine o f the cases the increase was l e s s  than 20 mgs./* 

On a ketogenic d ie t  there i s  a marked reduction in  

the to lerance for la ev u lo se . M e average percentage 

increase was 66 mgs.^ and in  s ix tee n  o f the seventeen cases

a /
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a higher blood sugar curve was obtained than on a normal 

diet*

In case 13 the te s t  was performed a fte r  the c h ild  had

been on a ketogenic d ie t for  two days only (a shorter

period than usual) and an increase o f 44 mgs.$ in  the

blood sugar was reg istered . In order to  d iscover i f  the

longer period on ketogenic d iet increased the se v er ity

o f the disturbance o f  l iv e r  function  the t e s t  was repeated

four days la te r  and a r is e  of 22 mgs •fa only obtained,

though the maximum blood sugar value was equal on both

occasions and th e  f a l l  was more delayed the second time®

In s ix  o f  the cases the blood sugar value increased

over 70 mgs*$. The actual increase in  mgs* was only 85

but the percentage increase was so high because o f the

very low fa stin g  blood sugar o f . 04Q$* In only one,

case 3, did the value o f the blood sugar r i s e  above *17Q$

and g lycosu ria  was present. In none o f  the other ca ses

did g lycosu ria  a r ise  though four o f the ca ses showed blood

sugar values above .140$ which i s  supposed to  be the renal
(69)

threshold  fo r  la ev u lo se . Graham found laevu lose  excreted

though the blood sugar value never exceeded *150$ and 
(70)

Spence and Brett found laevu losu r ia  at le v e ls  varying  

from *097$  to  *135$ . They pointed out however that the  

threshold  seemed to  vary widely in  d ifferen t individuals*  

In /



In a case o f jaundice considered to  be caused by a

neoplasm o f the l iv e r ,  g lycosu r ia  occurred though the  

maximum value recorded was only *117$* Two months la t e r ,  

when h is  con d ition  was mueh improved no g ly co su r ia  resu lted  

though the laevu lose  cixrve reached a value o f *131$# 

D iscussion .
(71)

Cat he art and Markowitz suggested th a t la ev u lo se

cannot be ox id ised  as such but must f i r s t  be converted to
(56)

glucose in  the l iv e r .  Mann and Magath fed laevu lose  to

l iv e r le s s  dogs but th is  did not produce any e f fe c t  on the

hypoglycaemia and no glucose was deposited  in  the m uscles,

as occurred a fte r  the in g estio n  o f g lucose in  h ep atfc-
*  £72)

tomised animals. Gosri and Qe»i consider that the l iv e r  

i s  o f greater importance in the removal o f laevu lose from 

the blood stream than i t  i s  in  the case o f  g lu cose . The 

l iv e r  has f ir s t  to  convert the laevu lose  to  glucose and 

then th is  g lucose i s  u t i l i s e d  by the l iv e r  to  form glycogen. 

Since the l iv e r  i s  of more importance in  t h is  action  o f  

glycogenosis than the peripheral t is s u e s  w ith respect to  

laevu lose i t  seems probable that th e a b il i t y  o f the l iv e r  

to  convert glucose to  glycogen has become impaired and 

th a t , in  consequence, the l iv e r  becomes depleted of i t s  

store o f glycogen.

I consider, th erefore , th a t, in  a ketogenic d iet  

a c id o s is /



a c id o s is , there i s  a d ep letion  o f glycogen in  the l iv e r  

and th a t t h i s  i s  due to  a decrease in  the cap acity  o f  

the l iv e r  to  deal w ith  g lu cose brought to  i t  by th e  blood 

stream.



70 .

SECTION I V .

The Blood Sugar Carve a fte r  the Adm inistration  

of Ammonium C hloride*

A ^ otogen ic"  d iet produces a non-gaseous a c id o s is ,  

having a diminished a lk a lin e  reserve and an accompanying 

k etosis*  The adm inistration o f s u ff ic ie n t  amounts o f  

Ammonium Chloride r e s u lts  in  a s im ila r  a c id o s is  but in  

t h is  case there i s  no k e to s is .  Now the reduction in  

carbohydrate to lerance occurring w ith a low carbohydrate 

d iet may have been due to  the a c id o s is , the k e to s is  ,or the 

decreased metabolism o f  carbohydrate f a i l in g  to  provide 

the sugar needed to  enable glucose to  be quickly u tilise d *

I f  there i s  found a s im ila r  reduction in  the to lerance for  

sugar when Ammonium Chloride i s  adm inistered one would be 

able to  conclude that i t  i s  the a c id o s is  which i s  the  

important fa ctor  ,and that the k e to s is  or the lack  o f  

carbohydrate had but l i t t l e  e f f e c t .  On th e other hand 

i f  no such reduction in  to lerance i s  produced then the  

k e to s is  or the change in  the com position of the d ie t  i s  

the important factor*

An in v estig a tio n , th erefore , in to  the to lerance for  

glucose and laevu lose during Ammonium Chloride adm inistration  

was made* The r e su lts  are d eta iled  in  Tables XII and XIII 

and/
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and represen tative r e s u lts  shown graph ically  in  Charts 

VII and V III.

Chart VII.
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IPhe su b jects  o f  the in v e s t ig a t io n  were nine ch ild ren  

convalescent e ith e r  from Skieumatism or Chorea. fhe  

quantity o f Ammonium Chloride was ca lcu la ted  roughly from

the amount which Haldane used in  h is  in v e stig a tio n  in to  

i t s  action . A ll the ch ild ren  who were more or l e s s  the  

same weight were g iven  5 grow o f Ammonium Chloride d a ily ,  

fhe number o f days they received  th e drug and the d iet they  

were g iven  varied in  each case and w il l  be described as 

each one i s  dealt with.

Case J .3T* and F.i*. were given  Ammonium Chloride for  

four days and both showed an increased to lerance fo r  g lu co se , 

th e curve being lower and the value returning sooner to  

fa s t in g  le v e l  than on ordinary d ie t . On a ketogenic d ie t  

both th ese  ch ildren  showed a reduced to lerance for g lu cose , 

fh a t the cond ition  o f a c id o s is  has been d e f in ite ly  esta b lish ed  

by the f  ourth day can be seen from the fo llow ing  ta b le  

showing the change in  the CO2 content of the blood. f h i s  

blood a n a ly sis  was carried  out by Dr. H.Morris of the 

biochem ical department in  the Eoyal H ospital for Sick  

Children and to  whom I  am much indebted for the use o f  

th ese f ig u r es .

(73)

Case. CQg Vol.%

H.C Uormal 68.2 
41.4
40.3



Case* CO9 T ol.^

H.M Nonaal 60 .6

j .ff Eormal 
9 days EHAC1 

19 B «

66.7  
49-1
45.8

The a c id o s is  in  th ese  two cases at le a s t  has not 

reduced the to lerance for g lu cose .

The next th ree ca se s , E .G ., E.C* and J.J*. were given  

for 10 days previous to  the t e s t  a m ilt  d ie t  p lus 40 grm. 

of sugar d a ily , t h i s  d ie t  contain ing an adequate c a lo r ic  

content for th e ir  respective w eights. Then for  seven days 

in  the case of 3S.Gr* and E.G. and for th ir te e n  days in  J .l f . ,  

5 grm. o f Ammonium Chloride was given  and then  tbe sugar 

to lerance estim ated. In E.G. and E.Q. a markedly reduced 

to lerance was noted and g lycosu r ia  occurred in  both c a se s . 

In the case o f E.G. though g lycosu ria  occurred the blood 

sugar did not show the prolongation of hyperglycaemia 

which was obtained on a ketogenic d iet (case I I  in  Sdction  

I I I  o f  th is  t h e s is ) .  In J .3?. there was p r a c tic a lly  no 

change in  the blood sugar values from those obtained while 

on ordinary d ie t . He showed, however, g lycosu r ia  with  

145 grm. o f g lucose whereas normally he passed no sugar 

w ith /



73-
w ith th is  quantity o f g lu cose .

Cases R .H ., G.McD. and C.McG. were given Ammonium 

Chloride for eigh t days and th e ir  to lerance te s te d . H*H. 

and G.McD. showed a d e f in ite  reduction and C.McG. a s l ig h t  

reduction in  to lera n ce . The hyperglyeaemia had gone and 

the fa s tin g  le v e l  regained by the end o f two hours. The 

to leran ce for a larger quantity of g lucose was te s te d  in  

th ese  three c a ses . R.H. had s lig h t  g lycosu ria  with 112 grm.

and G.McD., w ith 105 S3®1* o f  g lu cose, showed an abundant

g lycosu ria . On ordinary d iet no g lycosu ria  resu lted  with  

these amounts o f g lu cose . C.McGr. had g lycosu ria  with  

140 grm. o f g lucose but unfortunately on normal d iet she 

was unable to  re ta in  t h is  quantity o f  g lu cose . C.McG. 

was kepb on the drug for s ix teen  days and the tolerance  

estim ated again and a lower blood sugar curve than that 

obtained on ordinary d iet was the r e su lt . The acid o sis

o f  Ammonium Chloride p e r s is t s  for longer periods than

t h is  as J*]?. a fte r  n ineteen  days showed a COg vol.j£ o f  

45*8. Gr.MeD. and C.McG. were given a milk d ie t , without 

the addition  o f sugar, but containing th e ir  f u l l  ca lo r ic  

requirements, along with the adm inistration of Ammonium 

Chloride. G.McD. showed no change in  to lerance but C.McG. 

gave a d e f in ite ly  higher curve than before. She had been 

by t h is  time 24 days on the Ammonium Chloride.

C.McSTs /



74*

CtMcGr’s response to  glucose a fte r  ten  days on a 

ketogenic d iet showed a very marked lowering of the 

to lerance for  g lu cose , g lycosu ria  occurring a fte r  25 gna. 

o f g lucose only and th e  blood sugar estim ations were as 

fo llow s.

P.£*S. i ’hr* lh r . l§hr. 2hr.
.104$ . 191JJ .251$ *247$  *162#

much higher than the r e su lts  w ith Ammonium Chloride*

In the next case , I . J . ,  an attempt was made to d iscover  

i f  the duration  o f the adm inistration o f the drug had any 

e f f e c t .  As can be seen from fa b le  XII there i s  l i t t l e  

change even a fter  24 days. She was given a milk d ie t  and 

th e  t e s t  repeated again but only a s lig h t  increase in  th e  

hyperglycaemia i s  recorded, even a fte r  32 days on Ammonium 

Chloride.

Since milk has a ratio  o f 1 o f P rotein  and 1 o f Pat 

to  1*5 o f Carbohydrate t h i s  milk d ie t i s  rather low in  

carbohydrate compared to  an ordinary mixed d iet or the 

milk d ie t  containing 40 grm* o f sugar. In order to  

discover i f  th is  milk d iet had any e f fe c t  upon the  

to lerance for glucose cases G.McD., C.McG. and I*J. were 

given a milk d iet for s ix  to  ten days and the to lerance  

for glucose te s te d . G.McD. was the only one showing a 

s l ig h t ly  increased hyperglycaemia and i t  was concluded that 

the change in  d iet had l i t t l e  e f f e c t .
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M.McC. was given a d ie t  o f  o rd inary  fo o d s tu f f s  equal 

in  th e  r a t i o s  of F a t ,  P ro te in  and Garbohydrate to  t h a t  o f  

a milk d ie t  and th e  to le ra n c e  es tim a ted  on t h i s  d ie t  and 

on th e  a d m in is t ra t io n  of  th e  drug. The curves recorded  

in  her  case a re  a l l  w ith in  normal l i m i t s .

Two of th e  c a se s  only showed curves a t a l l  comparable 

w ith  th o se  described  on a ketogen ic  d i e t .  In  th e  o th e r  

cases  th e re  i s  a s l i g h t  red u c t io n  in  th e  to le ra n c e  fo r  

g lucose but none of th e  curves show the  delay  in  th e  r e tu r n  

t o  th e  f a s t i n g  l e v e l  which i s  so c h a r a c t e r i s t i c  of th e  

11 d ia b e t ic  curve" ob ta ined  on a high f a t  d i e t .

The t e s t  was rep ea ted  w ith  la ev u lo se  in  seven of the  

ca ses .

Chart V III.
CHft£T V///
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In one case only, H.C., was a reduction in  th e  to leran ce  

for laevu lose  n o te d .. J .1F. showed both on a normal d iet  

and during the adm inistration  o f Ammonium Chloride a hyper- 

glycaemia o f over 30 mgs«/£ r is e  but t h i s  was eqtual on both 

occasion s.

D iscu ssion .

Ih ese experiments show that the a c id o sis  produced by

Ammonium Chloride damages but s l ig h t ly  the a b i l i t y  of the

organism to  u t i l i s e  carbohydrate and that it  i s  th erefo re ,

not the a c id o s is  per se which i s  the main factor in  the

causation  of the hyperglycaemia a fte r  glucose on a ketogenic

d ie t .  OThe a c id o s is  i s  w ell developed by the fourth day

yet the blood sugar curve revea ls no reduction in  to lera n ce . 
(29)

lennox found that a f te r  8-20 grm. o f Ammonium and Calcium 

Chloride for 29 days and w ith a COg o f  44 v o ls .$  a subject 

showed a curve lower than normal whereas a fter  a 17 day 

fa s t  th e  blood sugar curve was d iab etic  in  type though 

a c id o sis  was much le s s  than when receiv in g  Ammonium Chloride#
(73)Haldane , who showed a marked lowering of g lucose to lerance  

a fte r  taking a large dose o f Ammonium C hloride,considered  

th a t th is  was due to an in terferen ce in  the removal of sugar 

from the blood stream. I f  t h is  were so one might expect 

that the hyperglycaemia would be prolonged but t h is  i s  not



shown in  t h is  se r ie s  of eases*

We do not consider in  the l ig h t  o f  th e  abo*re r e s u lts ,  

th a t the a c id o sis  i s  the most important factor  producing 

the disturbance in  carbohydrate metabolism*
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SBCTTOB V.

The d ifferen ce  in  the a c id o s is  accompanying Ammonium

Chloride adm inistration and that produced by a keto genic

d ie t , i s  that the la t t e r  shows acetonuria. Acetcnewas

present in  varying amounts throughout the period of
( 2 )

adm inistration o f th is  d ie t and Brown and Graham have shown

th at no matter how small the quantity of acetone present

in  the urine th ere  i s  an accompanying aeetonaemia. In

order t o  fin d  out i f  t h is  aeetonaemia, or rather, h e to s is ,

played any part in  the disturbance in  carbohydrate metabolism

the fo llow in g experiments were carried  out*
(74*

Von EToorden s ta te s  that glycaemia and g lycosu ria  occur 

a fte r  the adm inistration of acetone and that t h is  cond ition  

may be the resu lt o f  a d efic ien cy  in  oxygen. Morris and
(75)Graham fwho found that rabb its in jected  w ith 20̂  acetone 

showed a s lig h t  increase in  the sugar content of the blood, 

consider th at " th is s lig h t r is e  cannot be a ttr ib u ted  to  

d efec tiv e  oxidation  of the blood, although the p o s s ib i l i ty  

s t i l l  remains that acetone in h ib its  th e oxidation  processes  

in  the c e l l s ” . An attempt was made th erefore , to g ive  

rabbits gri ”aeetonaemia” by in jeo tin g  acetone into the blood 

stream. A fter some days the l iv e r s  were examined h is to l

o g ic a lly  for any change in  structure or in  glycogen content. 

T h is/
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This was carried  out in  the fo llow ing manner*

Two ra b b its , I  and I I ,  weighing resp ec tiv e ly  .6  and 

<>75 hgrm. were given  in je c t io n s  in to  the ear v e in  o f 20% 

acetone tw ice d a ily  for a period of ten  days* Babbit I I I ,  

used as a co n tro l, was given in je c tio n s  o f  normal sa lin e  

so th at any e f f e c t  produced by th e  nervous disturbance 

occasioned by th e in je c t io n  would be accounted for in  t h is  

rabb it. The quantity o f  acetone given equalled  for the 

f i r s t  four days «8 cc per hgrm. o f  body weight and was 

increased on the f i f t h  day to «9 ee per hgrm and on the 

seventh day to 1 cc per hgrm. The animals were housed 

under s im ila r  con d ition s and a l l  received  the same d ie t .

The urine was te s te d  d a ily  for acetone but there was only 

occasion a lly  a fa in t trace reg istered  in  the two cases  

rece iv in g  the acetone in jection s*

A fter ten  days the rabbits were h i l le d  by a blow on 

the bach o f the head and portions of th e  l iv e r ,  hidney and 

pancreas immediately transferred  to  Absolute Alcohol and 

10% form alin . These t is s u e s ,  a fter  going through the 

various processes required, were sta ined  by B e st’s Carmine 

s ta in  for glycogen and by Haemalin and Eos in  to  demonstrate

any stru ctural ch a n ts*

Bo change in  any of the t is s u e s  o f  rab b its I  and H

could /



could be demonstrated, th ese  resem bling th e  t is s u e s  of 

rabbit I I I  in  a l l  resp ects .

Since th e  quantity o f  acetone may not have been 

s u ff ic ie n t  to  cause any change i t  was decided to  repeat the  

experiment w ith larger in je c tio n s  o f  acetone.

Three rabbits were again taken and rabbit VI weighing

1 .1  kgrm. was used as the con tro l animal rece iv in g  normal 

sa lin e  in je c t io n s . Rabbits IV and V, both weighing 1.2 
K ilo s , were given 20% acetone and the amount given was 

equal to  .1 cc per kgrm. o f  body w eight. The quantity o f  

acetone was increased s l ig h t ly  w ith each in je c t io n  and on 

the evening o f the fourth day both were rece iv in g  between 

2 .5  ec and 3 cc o f  acetone a t one in je c t io n . On the  

morning of the f i f t h  day rabbit IV took a s lig h t convulsion  

a fte r  only .5  cc o f  20% acetone and became paralysed in  

the hind quarters. As th ere was no recovery a fte r  2̂  hours 

the animal was k il le d  by a blow on the head and portions  

o f the l iv e r ,  kidneys and pancreas tran sferred  at once to  

IQ% form alin  and Absolute A lcohol.

The in je c t io n s  continued however fo r  another s ix  days 

with rabbit V though the quantity o f  acetone g iven  there

a fte r  never exceeded 1 .5  cc s . tw ice d a ily . On the e leven th  

day rab b its V and VI were k il le d  and trea ted  in  a fashion

sim ilar to  the above.
f ig u r e s /
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f ig u res  I ,  2 and 3 are photographs of the l iv e r s  o f  

rab b its 17, V and VI stained with Haenalum and Bosin. 

Babbits IV and V appear normal in  structure but that of 

rabbit VI has empty spaces in the c e l l s  showing th at some 

substance, not preserved in  the f ix in g  process, has been 

removed. 3?he c e l l s  o f  rabbit IV do not appear so compact 

as those of V though they are much more so than those of 

rabbit VI.

•Ehere i s  a very s tr ik in g  d ifference in  the three s l id e s  

sta ined  by B e st’s Carmine S tain . Glycogen shows up as 

dark granules. I f  there i s  an abundance of glycogen the  

c e l l s  are packed w ith th ese granules. As can be seen

from photographs 4» 5 s&d 6 there i s  great varia tion  in

the concentration of granules in  the c e l l s  o f rabbits IV,

V and VI.

Babbit IV shows a fa ir  amount of glycogen in  the c e l l s  

around the cen tra l canal, there being l e s s  or none at a l l  

in  the c e l l s  at the periphery o f the lob u le . Babbit VI 

shows p r a c t ic a lly  a l l  the c e l l s  fu l l  o f glycogen e sp e c ia lly  

around the cen tra l canal. Babbit V presents (juite & 

d ifferen t appearance, there being p ra c tic a lly  no granules 

to  be seen, except in  a row or two of the c e l l s  next to

the cen tra l canals o f the lobules*

Although/



Although further work w il l  be done upon t h is  

in v e stig a tio n  th e e f fe c t  the acetone seems to  have produced 

upon the l iv e r  i s  very str ik in g . Ihe l iv e r  o f rabbit V 

has been emptied o f glycogen and rabbit IV who only 

received  acetone for four days shows a lso  some dep letion  

in  l iv e r  glycogen.

I t  seems leg itim a te  to  conclude therefore that acetone 

per S8i with no r e s tr ic t io n  o f d ie t , produces a dep letion  

of glycogen in  the l iv e r  and a probable in terference with  

the glycogenic function of the l iv e r .

[ I  wish to  acknowledge here my indebtedness to  the  

S ta ff  Of the In s t itu te  of Physiology, Glasgow U niversity , 

and in  p articu lar  to  Mr. fred  Gairns for  valuable help in  

preparing the specimens and s l i d e s .J
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C onclusion*

In t h is  th e s is  i t  has been shewn that th ere  re su lts

from the adm inistration o f a high fa t ,  low carbohydrate

d ie t a reduet ion in  th e a b il ity  o f the body to deal w ith

g lu cose . Other workers have demonstrated that a f te r  a

period o f starvation  there e x is t s  a sim ilar lowering in

the to lerance for carbohydrate to that described above

and various th eo r ie s  have been put forward to  exp lain  th is

fa ilu r e  in  metabolism.

With a high fat d iet and during a fa st there i s  a

disturbance in  acid-base balance, a condition  of k e to s is

and a lack  o f carbohydrate in  the diet#
(28) (M)

Du Vigneaud and Earr and Lennox consider that i t

i s  the lack  o f carbohydrate which i s  the important factor#
( l i )  (76)

Maclean and De Wesselow and fo s te r  consider that the

fa ctor  preventing excessive hyperglycaemia a f te r  the

in gestion  o f glucose was glycogen formation and that th is

factor  was stim ulated by the hyperglycaemia i t s e l f*  A

second dose of g lucose given, therefore, on a fa l l in g

blood sugar produces no secondary r ise  since the glycogenic

function  i s  already stim ulated and able to  deal e f fe c t iv e ly
(29)

w ith the glucose* Lennox, bearing t h is  fa c t in  mind, 

considers i t  possib le that the decreased metabolism of  

carbohydrate/
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carbohydrate has fa ile d  to  provide the sugar d isposing  

mechanism o f  the body with the stim ulation  i t  needs so 

that g lucose i s  not quickly u t i l is e d  and he i s  in clin ed  

to  b e lie v e  that t h i s  factor i s  o f more importance than the  

disturbance in  acid-base eqilibrium .
(77)

Henderson has pointed out the intim ate re la tion sh ip

between aeid-base equilibrium  and glucose^and F ield  and
(78) *

Hewburgh consider that an increased H ion concentration
(79)

has a depressing e f fe c t  on sugar metabolism. Langfeldt, 

by adm inistering acid , e ith er  per se or intravenously, 

increased the H ion concentration o f the blood and produced 

an increased g ly cogen o lysis . In the present work i t  has 

been shown that th e acid osis  produced by the adm inistration  

o f  Ammonium Chloride does not a ffec t the a b i l i t y  of the 

organism to  u t i l i s e  glucose in a manner at a l l  comparable 

to  the fa ilu r e  experienced while on a ketogenic d ie t .
(«9)Lennox found that the height of th e  blood sugar, during 

a fa s t ,  increased with the duration o f the fa st  and not 

with the in te n s ity  o f the acidosis* We consider that it  

i s  not the a c id o s is  which i s  th e  fa cto r  in  the lowering 

o f  carbohydrate to leran ce. In a case, A*F«, o f severe 

c l in ic a l  a c id o sis  treated  in the Royal H ospital for Sick 

Children the blood sugar (a fter  glucose) was and

th e /



the C02 o f  th e  blood was 30 v o ls .$  at t h i s  tim e. Ihe 

next day, when the aeidoais had gone and the CO2 had 

returned to  normal, being JZ v o ls^ ?the blood sugar was

s t i l l  high being .299$ so that the return o f  th e  aeid-base
m '+■ ~ -■ 

balance to  normal had not influenced the a b i l i t y  of the
(73)

t is s u e s  to  u t i l i s e  g lucose. Haldane considers that in  

Ammonium Chloride a c id o sis  there is  a fa ilu re  to store , 

but not to o x id ise  g lucose. In the a lk a lo s is  produced 

by the in gestion  of Sodium Bicarbonate (accompanying which 

th ere  i s  a k e to s is )  a fa ilu re  to ox id ise  glucose a r ises  

and consequently a marked lowering in  the to lerance for  

g lu cose . Qo&i and Qoki ^have demonstrated that in  the 

summer k e to s is  o f  ra ts  there i s  a diminished capacity  to  

o x id ise  g lucose and a decrease in  the g lucose to leran ce.
(73)

I t  may be, therefore , that in  Haldanefs ease i t  i s  not 

the a lk a lo s is  which causes th e  fa ilu re  to  o x id ise  glucose  

but the k e to s is  which accompanies i t .

I t  i s  th is  factor o f k e to s is  which seems to  be the 

important one, and the str ik in g  depletion  in  l iv e r  glycogen  

a f te r  the in je c t io n  o f acetone shown in  Sectibn V of th is  

th e s is  goes to  prove th is  point# Ihe k e to s is  in ter feres  

w ith the glycogenic function of the l iv e r .  Additional 

proaf that a high fat d iet decreases th is  function of the
Ou (8 l )

l iv e r  was given by Haq^uera. He found that the l iv e r s  o f 

dogs/



dogs fed  on a carbohydrate poor d ie t  formed much le s s  

glycogen than those fed on a high carbohydrate d ie t ,  when
gft

PISfused with glucose#

I s  th e  fa ilu re  in  the glycogenic function  of the  

l iv e r  due to  the k e to s is  in h ib itin g  the a ctio n , or
(27)

preventing the production o f, insu lin? Severinghaus ( 

considered that t h is  was probably the case. But I  have 

shown that the action  of in su lin  i s  not in h ib ited  by a 

k e to s is  s in ce , on the ketogenic d ie t , marked hypoglycaemia 

reaction s were e l ic i t e d  by an amount o f in su lin  which on 

a normal d ie t  produced but a s l ig h t  response.

I  consider therefore that th e  k e to s is  in h ib its  the 

glycogenic function  of the l iv e r  and that t h is  i s  the 

main factor  producing the reduction in  tolerance which 

accompanies the adm inistration of a high fa t d ie t .
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