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(9) (10) 
Paton . Vosburuh and Richards . 

(4) 

Metzger was the first to demonstrate that 

this glycosuria is associated with hyperglycaemia; 

his observations were confirmed by Herter and Wake - 
(7) (9) (11) 

mann , Paton , Loeper and Crouzon , and 

many others. The methods of blood sugar estimation 

at the disposal of these workers were, of course, 

crude and required so much blood that only one 

estimation for each injection was possible. Since 

the introduction in 1913 of more accurate micro - 

methods, their results have been verified and 

elaborated. The majority of investigations have 

been carried out on rabbits and it is now knovvm that, 

though individual rabbits vary considerably, the 

subcutaneous injection of 0.2 to 0.5 mgm. adrenalin 

per kilogramme produces, as a rule, an increase of 

blood sugar to 0.25 -- 0.30 per cent; the maximum 

effect is obtained after 1 mgm. per kgm. with a 

value of 0.35 to 0,40 per cent. two to three hours 

after injection, and normal limits are regained 
(37) 

after four to eight hours (Trendelenburg . When 

the blood sugar is above 0.20 per cent., sugar 
(29) K 

appears in the urine (Hildebrandt ). 

intravenous/ 

74. The "renal threshold" for sugar is apparently less 
easy to define, and its exact character is still 
a matter of dispute (see McLeod (39) ). 
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Intravenous and intramuscular injections have 

a much more rapid and more transient effect on the 

blood.sugar; they are much less efficacious than 

subcutaneous injections in producing glycosuria 
(15) 

(Bordier and Stillmunkes ). This is due to (1) 

the transience of the hyperglycaemic effect, (2) 

stoppage of urinary secretion from contraction of 

the kidney arterioles, (3) "messenteric vaso- 

constriction prevents the adrenalin from reaching 
(37) 

the portal vein and liver" ( Trendelenburg ). 

(12) 
Tatum concludes that the glycogenolytic 

action of adrenalin is the same after subcutaneous 

as after intravenous injection, but is more prolonged 

as the action is coincident with the presence of 
(13) 

adrenalin in the blood (shown first by Ritzmann ). 

Thus the more prolonged stimulus of subcutaneous 

injection causes a higher and more prolonged hyper- 

glycaemia. 

It is apparent, therefore, that subcutaneous 

injection is the method of choice in the study of 

adrenalin hyperglycaemia. 
(14) 

Kleiner and Meltzer showed that a single 

hypodermic dose of adrenalin is more effective in 

producing glycosuria than the same dose divided and 

simultaneously injected in different places. 
(37) 

Trendelenburg infers that "the curve 

of/ 



of hyperglycaemia can be used as a measure of the 

rate of absorption after subcutaneous or intra- 

muscular injection." 

The same authority concludes, after reviewing 

many experiments, that adrenalin causes glycogenolysis 

by peripheral stimulation of the sympathetic nerves 
(16) 

to the liver. Since then, Mann and Maaath have 

shown that adrenalin hyperglycaemia does not occur 
(17) 

after extirpation of the liver; Ohara , on the 

contrary, found that it did occur and concludes that 

adrenalin also causes mobilisation of muscle glyco- 

gen. 

Adrenalin glycosuria is much more pronounced 

if the proportion of carbohydrate in the diet is 
(20) 

increased. Underhill and Glosson showed that 

the condition is not a true diabetes, as there is no 

`interference with carbohydrate utilisation . 

(18) 
Erichson , by observations on the respiratory 

quotient, could find no evidence of increased carbo- 

hydrate combustion. 
(29) 

Hildebrandt believes that adrenalin 

glycosuria also varies with the amount of urine 

passed, but his own results do not always bear this 
(19) 

out, while MaDan_ell and Underhill , and von 
(26) 

Konschegg could find no relation. 

The conditions determining the urinary output 

of/ 
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of sugar during hyperglycaemia are very imperfectly 

understood. 

RApeated Injections. 

A number of experiments have been reported, 

some of which must be considered in detail. 
(2 ) 

Blum mentions one experiment (1902). 

(A dog, fed on meat, received varying 
amounts of a suprarenal extract sub- 
cutaneously. Glycosuria was absent 
after one injection). 

5) 
Bouchard and Claude (1902), as a result of 

four experiments, concluded that it is possible to 

create a tolerance to the lethal effects of 

adrenalin; and that, after repeated injections, 

glycosuria may fail to appear. 
(7) 

Herter and Wakemann (1902) noted the 

occurrence of tolerance to repeated injections, but 

were unable to state definitely that glycosuria 

disappeared so long as good nutrition was maintained,' 

though it diminished in all their four cases (well 

fed dogs). 

In another communication (1903), the same 
(8) 

authors noted that the degree and duration of 

glycosuria varied widely in different animals and in 

the same animal at different times. They considered 

that the state of nutrition, especially the amount 

of glycogen stored in the organism, influences 

the susceptibility to adrenalin, but there are also 

other/ 



other unknown factors at work. 
(11) 

Loeper and Crouzon (1903) stated that, "as 

a result of a great number of experiments" they 

found that the hyperglycaemia caused by adrenalin 

"becomes slight or absent after repetition of the 

injection ". 

(They state that, in a rabbit, 
glycosuria is absent after a second 
injection - six drops of 1 :1000 
solution of the hydrochloride - given 
two or three days after the first. 
It may also be absent after increas- 
ing doses. The same applies to hyper- 
glycaemia even if a dose ten or 
fifteen times the original is given. 
The authors do not state the blood 
sugar method used, but it cannot have 
been,a very accurate one). 
(9) 

Noel Paton (1903), working with fed animals, 

found that the repeated subcutaneous administration 

of adrenalin is not always followed by glycosuria. 

(He mentions four experiments. The 
first, on a dog, lasted 3 days - 

glycosuria absent on the 3rd day. The 
other three, on rabbits, lasted 14, 
34, and 34 days. Adrenalin was given 
daily; glycosuria was absent on 
single days here and there, but no 
complete tolerance appeared). 

Paton also noted the development of tolerance 

to the toxic effects of adrenalin. 
(20) 

Underhill and Closson (1906) concluded that 

a certain degree of tolerance to adrenalin is 

established by repeated injections and that this 

extends to its glycosurie effect. 

(Only / 



(Only one experiment is mentioned - 

a well fed dog, receiving 10 mgm. 
adrenaline at intervals. Glycosuria 
was absent after the 3rd, 5th and 
subsequent injections). 

(21) 
Velich (1906) observed that glycosuria was 

always produced by daily repetition of adrenalin 

injection in frogs, so long as good nutrition was 

maintained. 
(22) 

In 1909, Pollak made a very important 

contribution to the study of the influence of 

adrenalin on carbohydrate metabolism; part of this 

consisted of experiments on repeated subcutaneous 

administration. He concluded that the absence of 

glycosuria which he found in these cases was due to 

decreased permeability of the kidneys for sugar, 

either because the organs became accustomed to the 

high blood sugar or as a direct influence of 

repeated adrenalin administration. 

(Pollak used starving rabbits, re- 
ceiving only water by mouth. 1 mgm. 
adrenalin was given hypodermically 
daily. The 3 animals used became 

a.glycosuric in 4 -6 days, though 
their blood sugars after injection 
were still 0.4%, 0.33%, and 0.29% 
respectively. Blood was obtained 
from the carotid by operation - 25 
c.c. removed. No anaesthetic used). 

(23) 
In a further paper in 1911, Pollak states 

that this impermeability for sugar is only "relative" 

as/ 
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as increasing the dose always leads to glycosuria 

again; with equal doses, not uncommonly sugar will 

be absent one day and reappear the next. He notes 

further that there are great individual differences 

in rabbits; in sonde, glycosuria disappears in 8 -10 

days on a diet rich in carbohydrate, while in others, 

in spite of a diet poor in carbohydrate, one can 

inject daily for two months and never fail to produce 

glycosuria.. No protocols are given. He appears 

to regard the production of a complete immunity to 

the glycosurie effect of adrenalin as a possibility. 
(24) 

Underhill (1911) found that "the same 

quantity of adrenalin injected subcutaneously at 

different periods in the same rabbit under constant 

conditions causes the appearance in the urine of 

variable quantities of sugar "." 
(25) 

Watermann noted that, after daily in- 

'jections of adrenalin for five days, the blood sugar 

response was lessened. 

(Five rabbits used - method of esti- 
mation crude). 

(26) 
Von Konschegg (1912) disagreed with Pollak 

about the permeability of -the kidneys; he was able 

to show that bleeding raised the blood sugar and at 

the same time stops the flow of urine. 
(27) 

Biberfeld (1916) remarked upon the wide 

variations/ 
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variations in response in different rabbits. 
(19) 

McDanell and Underhill (1917) stated that 

"with injections of epinephrine at intervals of one 

week, there is no apparent decreased susceptibility 

to the drug ". 
(28) 

Kuriyama (1918) carried out experiments on 

rabbits receiving adrenalin subcutaneously daily, 

(1) a group fed for a time and then fasted, and (2) 

a group fasted from the beginning. He concluded: 

"Daily repetition of subcutaneous injection of 

epinephrine does not materially alter the character 

of the curve of sugar excretion so long as the 

animals are kept in a good nutritional condition. 

When the animals are submitted to fasting, the 

intensity of the epinephrine glycosuria diminishes 

markedly and remains rather stationary at a certain 

level." As glycosuria did not disappear, these 

animals must have had an exceptionally good 

glycogen reserve when fasting began. 

Kuriyama then states "Epinephrine hyper- 

glycaemia is not markedly modified by daily 

repetition of epinephrine injection in well nourishe. 

animals." Close examination of his protocola.shows, 

however, that this conclusion is based on somewhat 

slender evidence. 

(Group / 



(Group I contained five rabbits 
receiving adrenalin during feeding 
the dose varying from 0.5 to i nigm. 

per kg. once daily. Blood sugar was 
estimated by the Lewis Benedict 
method. 
Rabbits I and II were fed for 16 days¡ 
blood sugar was estimated on the 1st 
day (2 and 4 hours after injection) 
and on the 15th day (two hours after 
injection). 
Rabbit III was fed for 42 days; blood 
sugar estimated on ist day (2 and 4 
hours after injection) and on 15th 
days (2 hours after injection). 
Rabbit IV, fed for 33 days. Blood 
sugar on 6th day ( 2 and 4 hours 
after injection). 
Rabbit V, fed for 17 days. Blood 
sugar on 16th day (2 and 4 hours after 
injection) ). 

It is obvious that there are not sufficient 

data which to draw conclusions. 
(29) 

Hildebrandt (1920) repeated Poilak's 

experiments, using Banges micromethod of blood 

sugar estimation, which permitted hourly observations. 

He found that, in fasting rabbits made Eglycosuric 

by repeated daily injections of adrenalin ( i mg.), 

the blood sugar failed to rise above the "renal 

threshold" (0.20 per cent.). He found no evidence 

of the kidney impermeability for sugar described 
(22) 

by Pollak. (cf. von Konschegg). 

(He then repeated Pollak's pro- 
cedure of removing 25 c.c. of blood 
from the carotid, and was able to 
show that this raised considerably 
the blood sugar, though adrenalin had 
lost its effect. He ascribed the 
absence/ 
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absence of glycosuria to the 
cessation of urinary secretion, due 
to subsequent low blood pressure.) 

Hildebrandt concluded that this absence of 

glycosuria and hyperglycaemia is due to exhaustion 

of the glycogen depots, as was demonstrated by the 

return of both after a carbohydrate meal and 

adrenalin. 

The same author remarks that the rate of 

absorption may differ and so produce different 

curves of hyperglycaemia; he stresses the importance 

of choosing a fresh site for each injection. He 

finally concludes that the amount of glycosuria is 

influenced by (1) the height of the blood sugar, (2) 

the amount of urine passed (see page 10), (3) the 

steepness of the rise in blood sugar, (4) the dur- 

ation of the rise of blood sugar over 0.2 per cent. 

(measured graphically). 
(31) 

Garnier and Schulrrann (1922) carried out a 

series of observations on fed rabbits. They con- 

cluded that adrenalin given repeatedly retains its 

power to cause hyperglycaemia but glycosuria may be 

absent. Their observations on hyperglycaemia, 

however, are unsatisfactory. 

(Blood sugar was estimated before, 
and half an hour and one hour after 
injection - undoubtedly much too 

short a period. The method employed 
is not cited. 

Nine animals were used. 7 re- 
ceived 1 mg. daily; one of these 
had no blood sugar estimations done - 

f our/ 
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four others had only an occasional 
one before injection - in two only 
were a fair number of estimations 
done. The results were extra- 
ordinary - the resting level sometimes 
reaching 0.313 per cent. In one 
case, the value at one hour varied 
from 0.152 per cent. to 0.805 per cent. 

The two other animals received 
increasing doses, but it was found 
that no increase occurred in the 
glycosuria or hyperglycaemia (i.e. 
up to 1 hour). The same extraordin- 
ary variations in resting level are 
recorded without comment). 

One hesitates to accept these data without 

corroboration. 
(17) 

Ohara (1925) carried out two experiments 

on fed rabbits, but one cannot accept conclusions 

about "hyperglycaemia" drawn daily 

estimation, 18 hours after injection (values ranged 

from 0.110ó to 0.212% in each case). Absence of 

glycosuria was noted once in each experiment. 
(32) 

Junkersdorf and Schuler (927) report 

investigations on dogs regarding the action of 

adrenalin during administration of an ample diet. 

(Five animals received increasing 
doses (amount not stated) once daily 
for five days. Blood sugar hourly 
for 9 hours and then after 24 hours). 

In every case hyperglycaemia appeared. Its 

height (0.27 %: maximum) , moment of summit (3i hours 

after injection on an average) and the return to 

normal (9 hours, to lower limit of normality in 24 

hours) differed on each day after subcutaneous 

injection/ 
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injection. They appeared to be independent of the 

dose. 

Glycosuria only appeared in two out of the 

five animals and in these on the third day. It 

appeared along with a diuresis and had gone 20 hours 

later. No relation to dose could be made out. One 

presumes from this that the initial doses were too 

small to produce glycosuria. 

The following conclusions may be drawn from 

previous work: 

(1) After the first injection, a tolerance to 

the toxic effects of adrenalin develops very rapidly 
(38) 

(Vincent, quoted by Schafer ). 

(2) The curve of hyperglycaemia varies markedly 

in different rabbits and variations may be ascribed, 

in part, to variations in the rate of absorption. 

This is a very important point and requires 

great attention if blood sugar estimations are to be 

of any value in investigations of this nature. Great 

care must be taken that the injection is subcutaneous 

and not intramuscular, apart altogether from the 

increased toxicity of the latter method. 

(3) Dogs are less susceptible than rabbits to 

the hyperglycaemic effect of adrenalin. 

(4) "The same quantity of adrenalin injected 

subcutaneously at different periods in the same 

rabbit/ 



rabbit under constant conditions causes the 

appearance in the urine of variable quantities of 
(24) 

sugar" (Underhill ). It is proved also that 
(37) 

on some days sugar may fail to appear (Trendelenburg). 

The behaviour of the hyperglycaemic response 

under the above conditions has been much less 

satisfactorily investigated, except in fasting 

animals. Some further observations are given in 

this paper. 



Subject of Present Investigation 

In the experiments about to be described, 

the following points are investigated: 

(1) That modifications, if any, take place 

in the curve of adrenalin hyperglycaemia when 

moderately large doses are given subcutaneously at 

frequent intervals? 

(2) Can the daily variation in adrenalin 

glycosuria, the existence of which is already proved,' 

be accounted for by variations in the blood sugar 

response, or by variations in the amount of urine 

passed? 



Methods. 

Healthy adult rabbits were utilised; their 

food was the ordinary laboratory diet of bran and 

cabbage leaves. 

Body weight taken once weekly. 

Adrenalin (B.P.), as supplied by British 

Drug Houses, was dissolved, according to the 

directions in the British Pharmacopoeia, every ten 

days and stored in a dark bottle, protected from 

light. 

Blood sugar was estimated by the Hagedorn 
(33) 

Jensen method , which has two great advantages 

for this type of work m (1) the small quantity 

(0.1 c.c.) of blood required allows of frequent 

estimations in small animals without depleting the 

circulation, (2) a large number of estimations can 

be carried through together. The only drawback 

is that values above 0.37% are not within the 

range of the method, but it was found that, using 

only 0.05 c.c. of blood from 1 -4 hours after in- 

jection and making the necessary alteration in the 

calculation, accurate readings were obtained. 

Two series of experiments were performed. 

In the first batch of four rabbits, the initial 

dose/ 



dose of adrenalin was 1 mgm. once daily, increased 

later in each animal and continued for many weeks 

as shown in the tables. 

The urine was examined for sugar from time to 

time by Benedict's qualitative method. 

Blood sugars were estimated at approximately 

weekly intervals; the readings were taken before 

injection and at varying periods after. It was 

found that the summit of hyperglycaemia usually lay 

between one and two hours after injection and con- 

sequently a sample was usually taken at 1* hours. 

An estimation was always made at 4-6 hours after 

injection. The results, for convenience 

are recorded as milligrammes per 100 c.c. (See 

Appendix I. Tables I - 1V ). 

Discussion of First Series. 

While certain definite conclusions may be 

drawn from these first four experiments, they are 

admittedly somewhat imperfect and are quoted as much 

to illustrate the difficulties encountered as to 

further the argument. 

The variations in the resting level of the 

blood sugar (i.e. before adrenalin) are but little 

more than normal and there is no corroboration of 
(31) 

the high readings noted by Gamier and Schulmann 

and/ 
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(17) 

and Ohara 

The peak of the curve of hyperglycaemia is 

fairly constant, though the length of the curve is 

very variable, probably because the rate of absorption 

is variable. Increasing the dose above i mgm. 

did not increase the response. (cf. Garnier and 
(31) 

Schulmann ). 

The observations on glycosuria are incomplete 

but suffice to show that no complete tolerance 

develops, even in 126 days. 

All four animals showed an initial gain in 

weight and then a fall below the commencing level. 

Sepsis was the principal difficulty encountered 

and I believe its occurrence was favoured by the use 

of a large bore needle for the injections. All four 

cases developed marked alopecia over the sites of 

the injections; in I and II, this was associated with 

dense subcutaneous fibrosis,while in III and IV much 

pus was encysted in the fibrous tissue. This must 

have interfered with absorption. The three curves 

marked G in Table III illustrate this; the first 

two were obtained after injections into the flank. 

The third, which closely resembles the early curves, 

was made into the normal subcutaneous tissue of the 

leg with a very fine needle. 

Haematomata/ 



-19- 

Haematomata at the site of puncture, not 

infrequently seen, were also due in all probability, 

to the use of a large needle. 

rUch difficulty was encountered in this series 

in obtaining blood after the injections. Adrenalin, 

as is well known, causes concentration of the blood 

and decrease of the coagulation time. 

Series I/. 

Fethods In the second batch of five animals, 

it was found possible to avoid the above mentioned 

difficulties. A finehypoderric needle was always 

used; sepsis, induration, and bleeding at the site 

of puncture were not seen, though no other precaution 

was taken. 

The dose of adrenalin was maintained at 0.5 

mgm. once daily throughout, lest an increase should 

mask a developing tolerance. 

Blood. sugar estimations were made, about twice 

weekly, before injection and one, two, four and six 

hours after. The Hagedorn Jensen method was again 

used. 

Each morning, the previous day's urine was 

collected, measured, examined qualitatively for 

albumin/ 
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albumin (heat and nitric acid tests) and sugar 

(Benedict's test) and the sugar present estimated 
(33a) 

by Cole's method 

No serious difficulty in bleeding occurred 

in this series - probably because a smaller dose 

of adreralin was given. 

(The only accident in this series was in 

Experiment V (not included in the tables). The 

animal died from acute pulmonary oedema about fifteen 

minutes after the third. injection. An immediate 

post-mortem showed that a small vein had been 

entered by the needle - an unavoidable disaster, as 

the bole was too find for blood to flow along it). 

The results in Series II will be found in 

Appendix II, tables VI - X. 
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Discussion of Results. 

In this series also, the blood sugar level 

before injection shows slight but not, remarkable 

fluctuation. 

The curves of hyperglycaemia after injection 

exhibit no marked deviation from those observed on 

the first day; there is no evidence of either 

tolerance or the condition of acquired hypersensi- 
(31) 

tiveness which Garnier and Schulmann found in 

two of their animals. However, the curves generally 

show minor variation in the maximum value, its 

time of attainment, and the time of return to normal 
(32) 

(cf. Junkersdorf and Schdler ). The time 

variations are most probably due to differences in 

the rate of absorption, while the maximum value 

ascertained by hourly estimation cannot be assumed 

to be the actual summit of the curve; no stress, 

therefore, must be laid on the small discrepancies 

found. One must also remember that increased 

activity of the thyroid increases the hyperglycaemic 
(30) 

response to adrenalin (Burn and marks ) while 

deficient/ 
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deficient secretion of pituitrin has the same 
(30a) 

effect (Stenstrft ). 

There are isolated abnormally high responses 

(Expt. VII, 0.534% at 2 hours, and Expt. X, 0.612% 

at 1 hour). The precise significance of these is 

not very clear. Apart from these two instances, 
(28) 

one can concur with Kuriyana that "adrenalin 

hyperglycaemia is not markedly modified by repetition 

of subcutaneous injections in normally fed rabbits." 

The writer hopes that he has brought forward more 

satisfactory evidence for this conclusion. 

The measurements of glycosuria in the second 

series show that the amount varies remarkably from 

day to day; occasionally, glycosuria fails to 

appear, but no state of tolerance develops. The 

variations in output of sugar cannot be related to 

variations in the degree and duration of hyper- 

glycaemia, nor to variations in the amount of 

urine passed or to these two factors together. Only 

a trace of sugar may appear in the urine when the 

blood sugar is over 0.3% for at least three hours, 

while on the next day, with an almost identical 

curve and very little more urine, four times as 

iruch sugar is passed. (Expt. VIII, 8th and 9th days). 

There must be some other factor involved; it seers 

extremely/ 
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extremely likely that this is situated in the kidney. 
(23) 

Probably, as Pollak suggested, the renal threshold 

for sugar varies from day to day during a prolonged 

series of adrenalin injections; apparently it may 

rise as high as 0.3% occasionally (Expt. VIII, 8th 

and 18th days). 

It will be noted that the urine is collected 

over 24 hours; it was found that the excretion of 

sugar was not complete even 8 hours after injection. 

Usually a small quantity appeared in the night 

urine; in one case a considerable quantity. Only 

one estimation in 24 hours, therefore, was performed. 

The occasional occurrence of albuminuria was 
(9) (28) 

also noted by Noel Paton , Kuriyama , and others.' 

It will be seen that bodyweight actually 

increased, as during the first few weeks in Series I. 

This gain in weight suggests a further point of 

interest which may be commented upon. None of 

the animals, after the first dose, showed any of 

the general toxic symptoms of adrenalin - drowsiness 

and lethargy, increased respiratory rate, and 

reduction of skin temperature - except Rabbit III, 

which showed mild disturbance throughout. The 

undisturbed general condition is the more remarkable 

when one considers the huge excess of adrenalin in 

the circulation of these animals. The total 

adrenalin/ 
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adrenalin content of both suprarenals has been 

estimated as about 0.2 mgm. (for the rabbit) by 
(34) 

several observers (notably Biberfeld and 
(35) (36) 

Lucke, Kolmer and YcCouch ) , while Trendelenburg 

has estimated the normal output of adrenalin in a 

rabbit as from 0.00015 to 0.0002 mg. per kilo per 

minute. For average rabbits, such as those used 

in these experiments, (i.e. 1800 gm. ), this 

represents approximately 0.5 mgm. per day. 

The effect of a subcutaneous dose lasts 

about 8 hours and for this period a rabbit receiving 

0.5 mgm. has therefore four tires the normal amount 

of adrenalin in the circulation; yet appearance and 

behaviour, after the first dose, were quite normal. 

In Series I, all the animals began with a dose 

of 1 mgm., so that for 8 hours, eight times the 

normal amount of adrenalin was in circulation. 

Rabbit III lived for 126 days, with this eightfold 

increase present for 16 hours daily most of the time.': 

It would seem that adrenalin subcutaneously is 

remarkably harmless. 

A further significant fact is that no 

arteriosclerosis was produced by subcutaneous 

injection. 

The rabbits in Series I lived with an 

almost/ 
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almost constant hyperglycaemia, and yet no alter- 

ation in response was noted. This is a great 

contrast to effect of thyroid feeding (Burn and 
(30) 

Td'arks ) which, as long as the glycogen store in 

the liver is sufficient, is followed by an increased 

sensitiveness to adrenalin, i.e. the sympathetic 

nervous mechanism of glycogenolysis becomes hyper- 

sensitive. This condition cannot be produced by an 

increase in the amount of circulating adrenalin, and 

one may hazard the conjecture that the clinical 

condition of "sympatheticotonia:", of which the 

characteristic manifestation is an increased response 

to adrenalin, is not. produced by an increase in the 

activity of the suprarenal medulla, and is more 

probably due to thyroid hyperfunction. 
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Conclusions 

The curve of adrenalin hyperglycaemia is not 

materially altered by frequent repetition of sub- 

cutaneous injection in normally fed rabbits; minor 

variations, however, occur almost as a rule and the 

curve is by no means a constant. 

The daily variation (and occasional absence) 

of glycosuria is not related to variations in the 

degree and duration of hyperglycaemia or to variation; 

in the amount of urine passed, or to both together. 

Some other factor is involved and it is suggested 

that this may be variability in the level of the 

renal threshold, the "relative renal impermeability" 

of Pollak. 



(1) Previous literature on adrenalin hyper- 

glycaemia is reviewed and discussed.. 

(2) Reports of investigations into the 

effect of daily subcutaneous injection are minutely 

examined and criticised. 

(3) Experiments are described in which the 

curve of hyperglycaemia is examined from time to 

time during daily subcutaneous administration of 

moderate doses of adrenalin in rabbits. 

(4) It is concluded (a) that the curve of 

adrenalin hyperglycaemia is not markedly modified 

after repeated daily injection, though minor 

variations constantly occur; (b) that the daily 

variations of adrenalin glycosuria cannot be 

related to the degree and duration of hyperglycaemia 

or to the amount of urine passed. 
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Amr,e;rntiz X 7f rat . . , ea 

Z 



O Rabbit I. 1800 Gm. 

Blood sugar, during the two weeks before the experi- 
ment, varied from 89 mgms. to 144 mgms. per 100 c.c. 

1ßy of Vit. 

i 
Gm. 

(9/27.) 

1 

8 

14 

21 

24 

25 

31 

38 

39to 44 

45 

50 

59 

66 

93 

Amt . of 
adren- 
alin 
Daily 
mgm. 

Blood sugar - mgin. per 100 c.c. 

Before After injection- time in hrs. 
inject- 
ion 1 i% 2 3 4 5 6 

Gly co s- 
urla. 
(quali- 
tative 
test). 

1800 i 
1 

1850 g 1 

1960 

1850 

1740 

1 

1 

1.5 
twice 

do. 

do. 

1745 nil 

1.5 
twice 

1740 do. 

1605 do. 

1485 do. 

1575 do. 
Died. 

107 

96 

103 

258 

370± 

376 

118 

1191 
112( 2 hrl 
115J 

80 

94 

362 

309 

370t365 

420 

236 

244 

202 

242 

spec. 310 
lost 
in estimation 

148 

156 

2'79 

164 

164 

126 

135 

+++ 7th inj. 

++ 12th " 

++ 18th " 

+++ 30th " 

+ ++ 38th " 

nil 

++ 

(Note: This animal was always difficult + ++ 

to bleed, and from the 45th day, im- 

possible. On day 79, before any in- ++ 

jectior_, the animal suddenly became 

convulsed and died immediately) + 

++ 

Total adrenalin P.M. Very little fat visible. 
Liver 

125.5 mg. in very congested. Histologically -toxic 

90 injections. changes in liver (cloudy svelling,fatty 

degeneration and haemorrhages) 
and 

kidney (glomerular congestion 
and 

necrosis of tubular epithelium).En- 

docrine organs normal. Aorta normal. 
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Rabbit II. 1720 Gm. 

Blood sugar (23/9/27) 11 a.m. 123 mgms. per 100 c.c. 
4 p.m. 105 mgms. per 100 c.c. 

C Wt. 
Gm. 

Amt.of 
adren 
alin 
Daily 
mgm. 

Blood sugar - mgm. 

After injection- 

per 100 c.c. Glycos- 
uria. 
(Quali- Before time in hours. 

inject- 
ion. 1 

I 

3.1. 2 3 4 5 6 

tative 
test). 

1720 1 109 286 311 250 + + ++ 

1 93 322 316 289 141 122 + ++ 7th inj. 

1760 1 89 312 352 200 143 + ++ 12th " 

1800 1 141 314 172 118 + ++ 17th " 

1211. 

117,2 hrly. 

1.5 
twice 

110 , 

1785 " 91 386 110 + + ++ 30th inj, 

It 96 32nd " 

1715 " 

nil 

103 288 244 131 110 38th " 

nil 

1690 2 
twice 

1715 " 140 320 137 + + ++ 50th " 

1695 " 91 342 103 
H 

+ +++ 61st 

1580 " 91 242 (not eating) 107 + + ++ 71st 
II 

1460 " 117 t' 

Found dead. 

Total adrenalin. 
14.5 mgm. in 
87 injections. 

P.M. Very little fat. Again 

-Toxic changes in liver and 
kidney as in case I. No 

other abnormality found. 
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Rabbit III - 1520 Gm. 

Blood sugar, in the 16 days before the experiment, 
varied from 100 mgm, to 132 mgm. per 100 c.c. 

Day of Wt, 
Expt, in 

Gm. 

1520 

1520 

83 

105 

113 

118 

126 

127 

1550 

Amt . of 
adren- 
alin Before 
daily inject - 
mgm. ion 

1 125 

Blood sugar - mgm. per 100 c.c. 

1 133 

1 

nil 

After injection- time in hrs. 

1 1i 2 4 

370+ 

406 
1 

3'70 

410 360 

5 

306 

205 

Expt. interrupted to allow recovery 
from an injury. 

i 

1 135 440 322 

1 100' 
113 2 hrly. 
122j 

1 
twice 

If 

n 

87 j 376 209 
(Flanks how markedly indurated. 

110 no hair at all over site of 
injections) 

1480 l 
89 298 378 

14'75 

1480 

1395 

1405 

nil 

1 
twice 

tt 

1325 tt 

1385 tt 

1355 
1235 
1110 
1055 

Killed 

tt 
tt 

tt 

tt 

ft 

u 

100 

98 

93 
105 
100 

444 

234 

270 
(not eating well) 

242G 
240( if_ 

Glycos- 
uria 
Quali- 
tative 

6 test 

+++ 7th inj. 

21 ++++ 11th inj, 

+++ 24th " 

12 

16 55th " 

Sugar 
resent 

each 
day 

22 86th " 

142 
31' 
214 

+ ++ every 
day 

+ + ++ 



Rabbit III (Contd.) 

Total adrenalin - 155 organ. 

P.M. Much encysted pus in both flanks. 

Internally, very little fat. Endocrine organs 

normal. Kidney and liver, toxic changes. 

Aorta - degeneration of tunica media. 
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e Rabbit IV. 1730 Gm. 

Blood sugar, in the 14 days before the experiment, 
varied from 93 to 125 mgm. per 100 c.c. 

Day # 
Expt. 

Wt. 
in 
Gm, 

Amt.of 
adren- 
alin 
daily 

Blood sugar mgm. per 100 c.c. Glycos- 
Lori a 
Quanta- 
tive test 

Before ' 

inject - 
After injection -time in hrs. - 

mgm. ion. 1 li 2 3 4 5 6 

1 1730 1 118 285 294 277 + + ++ 

8 1 120 404 310 184 124 + ++ 7th inj. 

13 1835 1 122 350 404 182 148 + ++ 11th " 

20 2010 1 127 377 308 134 + ++ 16th " 

23 1 117 
112 2 hrly. 
124) 

24 1.5 
twice 

30 2085 " 95 440 180 + ++ 29th " 

36 1945 87 298 388 167 103 + ++ 36th " 

37.42 nil nil 

43 2060 1.5 
twice 
" + (sugar + 

50 1945 every deg) 

57 1990 " 105 360 14 + ++ 

64 1800 " 110 206 28 + ++ 

71 1725 " 112 37O! 3701 287 13 + ++ 
recent 

ui 

93rd 
79 1 700 " 

each 
ditly 

83 1835 
95th " 

106 1625 133 no spec. 275 122 + ++ 131st " 

available 

107 killed 

Total/ 
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Rabbit IV - (Contd.) 

Total amount of adrenalin - 189 mgm. 

General condition quite good at end of 

experiment, apart from a largo unsightly ulcer in 

right flank - present for some time and showing no 

sign of healing. But for this, the experiment 

would have been prolonged still further. 

P.M. No abnormality detected. No changes in 

liver and kidney. 
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Appendix II - Second Series 

Experiments VI - X 



Day of 
Expt . 

-40- 

Experiment DTI . 

Male rabbit, 1835 gm. 

Blood sugar before experiment - 23/11 27. 0.112 per cent. 
13/3%28 . 0.111 " 

Commencement of experiment 15/3/28. 

Amt . of 
adren- 
alin 
(mgm.) 

Wt. 
in 
gals. 

Urine 

Amt, 
C. C. 

Sugar 
Total 
(gm.) 

Blood sugar (mgm. per 100 c.c.) 
Before After injection - hour; 
inject- 
ion 1 2 4 6 

1 

2 

3 

4 

5 

6 

'7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

0.5 

0.5 

0.5 

nil 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

nil 

0.5 

0.5 

0.5 

0.5 

0.5 

nil 

0.5 

0.5 

0.5 

1835 

MD 

1735 

1800 

100 

180 

120 

'75 

90 

65 

250 

2,35 

0.48 

2.35 

0.86 

0.73 0.85 

1.34 1.00 

1.00 0.9 

1.20 0.78 

0.30.1. 0.76 

250 0.60 

170 

90 

170 

125 

135 

210 

125 

41, 

1.50 

1.05 1.79 

1.45 1.31 

0.45 0.76 

0.95 1.20 

0.98 

0.60 

1.80 

1.31 

1.26 

2.25 

149 

131 

- 

112 

MD 

122 

op 

MD 

125 

139 

359 

410 

332 

324 

AND 

376 

380 

370 ± 

432 

424 

AND 

356 

368 

324 

286 

238 

MD 

242 

196 

234 

OM 

278 

143 

136 

AND 

112 

IMO 

140 

136 

Ma 

107 



Experiment VI contd. 

' Éxpt 

22 

23 

24 
25 

26 

27 

28 

29 

30 

31 
32 
33 

34 

35 

36 

37 

38 
39 
40 

41 

Total 

Amt. of 
adren- 
alin 
(mgm.) 

0.5 

0.5 

nil 

0,5 

0.5 

0.5 

0.5 

0.5 

nil 

0,5 

0.5 

0.5 

0.5 

nil 

0.5 

14,5 

Wt.' 
in 
gins. 

1810 

1830 

1800 

Urine 
Amt. Sugar 
c.c. % Total 

(gm.) 

125 

110 

0.65 

1.00 

0.81 

1.10 

210 0.60 1.26 

320 0,5 1.60 

160 0.67 1.07 

160 1.00 1.60 

300 0.50 1.50 

200 0.85 1.70 

120 0.90 1,08 

70 1.50 1,05 

250 0.55 1.37 

380 ; 0.625 ; 2.37 

Blood sugar (mgm. per 100 c.c.) 
Before After injection - hours 
inject- 
ion 1 2 4 6 

136 

110 

136 

122 

149 

402 

376 

336 

322 

346 

432 

382 

384 

298 

364 

186 

256 

IMO 

,1116, 

264 

174 

249 

IMP 

136 

135 

158 

149 

144 

A = trace of albumin in urine. 

Animal quite healthy at end of experiment. 
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Experiment VII. 

Male rabbit, 1805 grams, 

Blood sugar before experiment - 23/11/27. 0,120% 
13/ 3/28, 0.136% 

Date of first injection - 15/3/28. 

gay of 
expt, 

Amt. of 
adren- 
alin 
(mgm.) 

Wt. Urine Blood sugar (moll, per 100 c.c.) 
After injection - in 

gas, 
Sugar Before 

inject- 
ion 

hours 
c.c. % Amt. 

m. 
1 2 4 6 

1 0.5 1805 130 2.20 2.86 136 329 3701 370± 258 

2 0.5 160 0.50 0.80 127 402 458 262 134 

3 0.5 

4 nil 

5 0.5 15 1,05 0.16 

6 0.5 200 0.50 1.00 

7 0.5 180 0.45 0.80 102 324 398 256 154 

8 0.5 185 1.17 2,15 

9 0.5 1760 140 0.34 0.47 

10 0.5 

11 nil 

12 0,5 200 0.50 1,00 129 420 382 178 150 

13 0.5 340 0,81 2.76 

14 0.5 155A 0.70 1.10 

15 0.5 150 0.95 1.42 

16 0.5 1850 185 2.00 3.70 136 438 480 308 190 

17 nil 
18 
19 0.5 180 1.20 2.16 

20 0.5 210 1.06 2.23 

21 0.5 160 2.25 3.60 130 430 450 268 117 

22 0.5 90 1.30 1,17 

23 0.5 1820 200 1,45 2.90 100 439 534 336 190 
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Experiment VII (Contd.) 

Day 
t Expt. 

Amt.of 
adren- 
alias 
(mgm.) 

Wt. 
in 
gms. 

Urine Blood sugar (mgm. per 100 e, ç j 
c.c. 

Sugar 
% 

Before 
inject- 
ion 

After injection 
4 

-hrs 
6 Amt. 

gm. 
1 2 

24 
__ 

25 nil 

26 0.5 225A 0.80 1.80 

27 0.5 200 0.25 0.50 131 302 378 200 100 

28 0.5 200 0.85 1.70 

29 0.5 125 1,40 1.75 

30 0.5 1935 175 0.60 1.05 

31 
32 nil 
33 
34 0.5 150 1.10 1.65 113 440 380 240 175 

35 0.5 100 0.80 0.80 

36 0.5 85 2,35 2.00 

37 0.5 1900 105 1.50 1.57 120 366 352 214 154 

Total 14.0 

A = definite albuminuria. 

Atr trace of albuminuria. 

Animal killed.. General health good, but developed 

paralysis of hind limbs owing to accidental injury 
to 

back, on the day before death. 
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Experiment VIII. 

Male rabbit, 1825 grams. 

Blood sugar before experiment - 23/11/27 
13/8 . 

Weight before experiment. 28/1y27 
1 2 7. 
13/3/28. 

Experiment begun 19/3/28. 

Day of 
Expt. 

Amt. of 
adren.- 
afin 
(mgm.) 

Wt. Urine 
in 
gins. 

Sugar Be 
in 
io 

C. C, Amt. 
gm. 

1 0.5 1825 110 0,60 0.70 13 

2 0.5 80 0.36 0.30 12 

3 0.5 80 0.05 0,04 

4 0.5 80 0.17 
of 

5 0.5 1775 175 nil o nil 

6 0.5 
7 nil 

8 0.5 160 o.10 0.16 12 

9 0.5 195 0.35 0.68 12 

10 i0.5 80 0.23 0.18 

11 0.5 130 nil nil 

12 0.5 1845 1006 0.30 0.30 

13 
14 nil 

15 0.5 170 0.4 0.68 13 

16 0.5 120 0.67 0.80 

17 0.5 160 0.33 0.53 

18 0.5 110 trace 11 

19 0.5 1830 115 0.29 0.33 

Total 8.0 

Animal died following fracture 

. 128 mgs. 
132 mgs,, 

. 1260 gin 

4185 gm 
1X8 gm. 

Blood sugar 

per 100 C.C. 
n 

mgm. per 100 c.c) 
:oré3 

jest- 
1 

Alter injection - nours 

1 2 4 6 

3 262 398 390 199 

1 248 248 336 270 

7 322 370 300 170 

1 336 366 288 157 

3 312 336 184 141 

D 226 288 226 140 

Di* rib (extraneous cause) 



r of 
(pt. 

45- 

Experiment IX, 

Male rabbit. 1345 grams. 

Blood sugar before experiment - 23/1y27. 
13/3/28. 

Weight before experiment - 28/11/27. 
1/12/27, 

13/ 3/28. 

Experiment begun 19/3/28. 

Adren- 
alin. 
mgm. 

1 0.5 

2 0.5 

3 0.5 

4 0.5 

5 0.5 

6 0.5 

7 nil 

8 0.5 

9 0.5 

10 0.5 

11 0.5 

12 0.5 

13 nil 
14 

15 0.5 

16 0.5 

17 0.5 

18 0.5 

19 0.5 

20 nil 
21 

119 mgm. per cent. 
121 mgm. 

1385 a'ams. 
1280 
1345 " 

Wt. 
in 
gms. 

Urine Blood sugar (mgm, per 100 c.._o_.) 

Sugar Before 
inject- 
ion 

After injection - hours 
c . c, gm. 

1 2 4 6 

1345 85 0.35 0.30 141 298 388 254 147 

65 0.90 0.58 133 378 382 246 142 

140 0.10 0.14 

95 1.10 1.05 

1375 240 0.20 0.48 

270 nil nil 

395 0.26 1.03 128 372 316 172 127 

125 1.10 1.38 

90 0.25 0.22 

Ace 

1375 160 0.50 0.80 

205 0.50 1.02 145 410 388 234 127 

285 0.70 2.00 

Aw 
145 traces 

100 0.40 0.40 120 342 312 146 118 

Ah- 

1310 120 trace 



- 46- 

Experiment IX (Contd.). 

Day of 
expt. 

Adren- 
alin 
mgm. 

Wt. 
in 
gns. 

Urine Blood su ar (mgm. per 100 c.c.) 
gA ter inject ón iours 

c.c. 
Sugar Before 

inject- 
ion 

% gm. 
1 2 4 6 

22 0.5 220 0.40 0.88 118 402 426 346 1 71 

23 0.5 340 0.50 1.71 

24 0.5 150 0.47 0.70 141 290 282 198 143 

25 0.5 200 1.00 2.00 

26 0.5 1350 270 ; 0.32 0.86 

27 
t 

28 nil 
29 

30 0.5 115 1.05 1.21 

31 0.5 90 0,27 0.24 

32 0.5 50 0.80 0.40 124 370 382 270 129 

33 0.5 1430 190 0.21 0.40 

34 
35 

nil 

ß--t.8 G 

36 0.5 1430 170 1.05 1.78 134 402 3 as k 

rotai = 13.0 

Atr = trace of albumin in urine. 

Animal quite healthy when experiment stopped. 
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Experiment X. 

Male rabbit. 1850 grams. 

Before experiment, blood sugar, 23/12 ?. 0.119 
13/3 28. 0.107 j6 

Weight. 28/1î 27. 1785 grams 
4/127. 1 735 °f 

13/3/28. 1850 If 

begun 21/3/28. Experiment 

Day of Adren- Wt. 
expt. alin 

' 

in 
mgm. gms. 

1 

2 

3 

C.C. 

0,5 1850 50 0.65 

0.5 130 0.83 

0,5 1880 135 0.10 

4 0.5 

5 

6 

nil 

0.5 

% d 
0,5 

8 0.5 

9 0.5 

10 0.5 

11 
12 nil 

300 traces 

45 

185 

150 

1915 145 

13 0.5 160 

14 0.5 170 
Aw 

15 0.5 180 

16 0.5 145 

17 0.5 1920 265 

18 
19 

nil 

20 0.5 190 

3.10 1.50 

0.60 1.11 

0.40 0.60 

0.30 0.44 

0.73 1.17 

0.26 0.44 

0.35 0.63 

0.39 0.57 

0.11 0.29 

0.55 1.04 

Blood sugar (mgm. per 100 c.c.) 
Before After injection - hours 
inject- 
ion 

108 

125 

118 

124 

135 

102 

1 2 

350 410 

390 414 

445 308 

362 428 

348 426 

506 478 

4 6 

252 123 

282 126 

118 118 

282 125 

154 12? 

286 160 
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Experiment X ,(Contd.). 

Day of Adren -Wt. 
expt. alias in 

mgm. gms. 

Urine Blood sugar (mgm. per 100 c.c.) 
After injection - hours 

c.c. 
Sugar Before 

% gm. inject- 
ion 1 

1 

2 4 6 

21 0.5 270 0.40 1.08 

22 0.5 125 0.36 0.45 103 318 354 210 120 

23 0.5 140 0.40 0. 

24 0.5 1880 210 0.40 0.84 

25 
26 nil 
27 

28 0.5 120 2.10 2.52 

29 0.5 100 0.10 0.10 

30 0.5 125 0.90 1.12 135 448 446 206 119 

31 0.5 1885 150 0.38 0.57 

32 nil 
33 

34 0.5 210 0.30 0.63 136 612 474 214 120 

35 0.5 350 0.28 0.98 122 426 434 188 124 

36 0.5 300 0.25 0.75 

37 0.5 280 0.29 0.81 

38 0.5 1895 105 0.28 0.30 

39 nil 
40 

41 0.5 1895 80 0.53 0.45 147 454 440 206 120 

Total 
¡ 14.5 

Atr = trace of albumin in urine. 

Animal quite healthy when experiment stopped. 


