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and 
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Adrenaline hyperglycaemia is a physiologi- 
cal response at times of emergency. Blum 

(1901) was the first to note that adrenaline 
Produces glucosuria. The immediate source of 

sugar of the blood is the liver glycogen. 
A rise in blood sugar has been observed 

during surgical operations under anaesthesia. 
Cantarow and Gehret (1931) attributed the 
rise of the blood sugar level to the increased 
hepatic glycogenolysis, due either to the direct 

action of the anaesthetic used, or to increased 
-hydrogen ion concentration associated with 
ether anaesthesia. Swan (1911) and Atkinson 
and Ets (1922) had shown that ether anaesthe- 
sia is always associated with hyperglycaemia in 
normal animals. Minnitt (1932) showed that 
a much greater hyperglycaemia was produced by 
ether than by nitrous oxide, and in a number 
of cases the blood sugar which was normal 
before anaesthesia rose to more than 200 mg. 
Per cent after the operation. He showed that 
the blood sugar rose by variable but definite 

Cerements, and that it was much higher at the 
end of the operation than at the beginning , 

after the operation was finished there was a 

fall. He showed that in one of his cases the 
blood sugar was 178 mg. per cent after 5^ hours 
and 111 mg. per cent after 48 hours. He 
showed that the rise of blood sugar was irres- 
pective of the method of anaesthesia, and 
obtained a rise of blood sugar with local 
and spinal anaesthesia as well. He concluded 
that the anaesthetic, or something associated 
with the operation if performed under v. local 

anaesthetic, by stimulating adrenal bodies pro- 
duced hypersecretion of adrenaline into the 
system. The production of hyperglycaemia by 
anaesthetics, whatever might be its cause, has 
been proved beyond doubt. 
Now, the question is whether all the rise of 

blood sugar during operation can be accounted 
for by the anaesthetic used. This investigation 
has been undertaken with a view to ascertain- 
ing the exact cause or causes of the rise of 
blood sugar which is always found at the end 
?f the operation. In order to study this matter 
*t was considered desirable to use an anaesthe- 
lc which would give a uniform and steady re- 
sult when given in accurate doses, and whose 

effect would last for a fairly long time, at least 
till the experiments were over, because it has 
been shown by De (1946) that the rise of the 
blood sugar varies directly with the depth of 
anaesthesia. It was, therefore, decided to use 

urethane, 2 gm. per kilo body-weight of the 

animal, by the intramuscular route in every 
case except where otherwise stated. Cats were 
used in these experiments, and all operations 
were done three hours after the administration 
of urethane, when the animals were definitely 
anaesthetized. 
Urethane anaesthesia produced a progressive 

and steady rise of blood sugar ; a typical curve 
has been shown in graph 1(a). The rise of blood 
sugar was, in every case, practically linear all 

through, except towards the end when the rise 
was more sharp in some of the cases. This 

rise, due to the anaesthesia, naturally compli- 
cated the determination of other possible 
factors, which also might be responsible for the 
rise of blood sugar. In order to determine the 

exact role of the operative interference on the 
blood sugar, it was, therefore, decided to per- 
?form two series of experiments which involved 
both simple and extensive operative interfer- 
ence. In the first series, three hours after the 
injection of urethane, samples of blood were 

drawn from the femoral vein of cats at 15- 
minute intervals, with the least possible oper- 
ative interference, to determine the level of the 
rise of blood sugar during that period. These 
results, when plotted, indicated the level of the 
rise of blood sugar due to urethane only, and 
prolongation of this line practically indicated 
the level of the blood sugar at the particular 
moment. Then several operative measures 
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Graph I. 

(a)?Hyperglycemia under urethane. 
lb)?Urethane anaesthesia. Effect of operation on the 

blood sugar level. 
A?Period for operation. Note the rise in blood 

sugar level. 

Graph I. 

(a)?Hyperglycemia under urethane. 
(b)?Urethane anaesthesia. Effect of operation on the 

blood sugar level. 
A?Period for operation. Note the rise in blood 

sugar level. 
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such as opening the femoral vein, putting in 
the tracheal cannula, exposing the carotids, etc., 
were done in the same animal. The blood 

sugar of the sample taken immediately after 
the operation was observed to be always higher 
than the expected blood sugar at that time due 
to urethane anaesthesia only (vide graph 16). 

In the second series of experiments, prepara- 
tions were made in which the steady rise of 
blood sugar normally seen under urethane was 
avoided. Anaesthetized cats were decerebrated 
at a low level in order to destroy the posterior 
hypothalamic nucleus, or decerebrated behind 
the level of this nucleus (De, 1946) or completely 
transected at the upper cervical region in order 
to produce hypoglycaemia after the operation. 
These procedures themselves involved a fairly 
extensive operative interference on the top of 
the anaesthetic used. It was noticed that 
though the blood sugar dropped after this 

operation, yet it did not come to the pre- 

operative level immediately. In all these 

experiments the blood sugar level was highest 
immediately after the operation, and it took 
about to 2 hours to come back to the pre- 
operative level. Further, it was seen that the 

height of blood sugar noticed immediately after 
the operation was greater than the expected 
height at the time due to the anaesthetic only. 
The blood sugar level then steadily came down 
(vide graph Ila and b). 

In both these series of experiments, the 
' excess' rise of blood sugar above the expected 
rise due to the anaesthetic must be attributed 
to factors other than the anaesthetic used. Can 
this ' 

excess 
' rise be due to the stimulation of 

the sympathetic and liberation of adrenaline ? 
Experiments were therefore performed in 

animals in which the sympathetic activity and 
the hyperglycaemic action of adrenaline were 

abolished with ergotoxine. In cats anaesthetized 
with urethane 10 mg. of ergotoxine were in- 
jected intravenously in repeated small doses. 
Such cats showed a fall of blood sugar after 
ergotoxine but when decerebration was done at 

the colliculo-mamillary plane described by De 
(1946) on such ergotoxinized animals, a rise of 
blood sugar was still observed immediately 
after the decerebration, though this rise was 

less than that observed in similar experiments 
done without ergotoxine. This rise was followed 

by a steady and persistent fall (vide graph 
III6). 

The next question was to determine whether 
the peripheral nervous mechanism had any in- 
fluence on the production of the hyperglycemia 
due to operative interference. The spinal cord 
was transected at the level of the upper cervi- 
cal region under chloroform and ether anaesthe- 
sia so as to remove the influence of the higher 
centres. In these animals operative measures, 
such as opening the femoral vein and dissection 
in the axillary region, after the effects of the pre- 
vious operation of spinal transection had passed 
off, produced a transitory rise of blood sugar, 
after about 20 to 25 minutes. No rise of blood 
sugar was observed immediately after the oper- 
ation (vide graph Ilia). A similar but more 
transient and smaller rise was produced -in the 
ergotoxinized animals after similar operation 
following decerebration at the colliculo-mamil- 

lary plane. 
Discussion.?A rise of blood sugar has always 

been observed after operations under general 
anaesthesia (De, 1946). The effects of fright, 
anxiety, emotional excitement, etc., before the 

anaesthesia, being so well known, have not been 
considered here. It has been shown in graph 
1(a) that urethane produces a steady rise of 
blood sugar, the rise being more or less linear 
in character throughout, except towards the 

end, when the rise is more sharp. So the 
' 
excess' rise of blood sugar above that due to 

anaesthesia must be attributed to some cause or 
causes other than that of anaesthesia. It has 
been observed in experiments cited before 

(graph Ila and b) that any operative inter- 
ference under general anaesthesia produces a 

greater rise of blood sugar than that due to 

anaesthesia alone. So the cause of this 
' 
excess 

' 

rise must, therefore, be attributed either to the 
effect of the operation or to some other cause. 

Graph II. 

(a)?Blood sugar level in spinal preparation done under 
urethane. 
A?Period for operation. Note the rise of the 

blood sugar level. 
(b)?Blood sugar level in decerebration at the colliculo- 

mamillary plane done under urethane. 
B?Period for operation. Note the rise of blood 

sugar level. 

Graph II. 

(a)?Blood sugar level in spinal preparation done under 
urethane. 
A?Period for operation. Note the rise of the 

blood sugar level. 
(b)?Blood sugar level in decerebration at the colliculo- 

mamillary plane done under urethane. 
B?Period for operation. Note the rise of blood 

sugar level. 

Graph III. 

(a)?Blood sugar level after spinal preparation. 
A?Period for operation. 
B?Left femoral vein opened and right axillary 

region dissected. 
(5)?Blood sugar level after decerebration at the 

colliculo-mamillary plane in ergotoxinized cat under 
urethane. 
C?10 mg. of ergotoxine injected in 75 minutes. 
D?Period for decerebration. 

Graph III. 

(a)?Blood sugar level after spinal preparation. 
A?Period for operation. 
B?Left femoral vein opened and right axillary 

region dissected. 
(b)?Blood sugar level after decerebration at the 

colliculo-mamillary plane in ergotoxinized cat under 
urethane. 
C?10 mg. of ergotoxine injected in 75 minutes. 
D?Period for decerebration. 
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The operation itself stimulates the nerve end- 

ings at the site of the operation and supplies 
an impulse by which the centre is reflexly sti- 

mulated to liberate adrenaline which pro- 

duces a high blood sugar. Also it has been 

observed that in ergotoxinized cats, decerebra- 
tion produces a smaller rise of blood sugar 

immediately after the operation. It is known 

that ergotoxine inhibits the sympathetic activ- 
ity and abolishes the hyperglyca;mic action of 

adrenaline, and also it has been observed that 

ergotoxine produces a fall of blood sugar in 

urethanized cats. Therefore, the difference in 

the rise of blood sugar observed between 
these 

two experiments, done with and without the 

administration of ergotoxine, must be due to 

the stimulation of the sympathetic nerve end- 
ings at the site of the operation. Any rise that 
is noticed after ergotoxine cannot be due to 

reflex secretion of adrenaline, but must be due 
to a cause or causes other than anaesthesia or 

stimulation of sympathetics from the operative 
interference. 
, Now, the question resolves itself into one of 

finding out the cause of the rise of blood sugar 
noticed after the operation following ergotoxine. 
In experiments on spinal cats, it has been shown 
that any operative interference in these animals 
ls followed by small transient rise of blood 

sugar which appears after a fairly long latent 

Period (graph Ilia). A similar but smaller 

rise of blood sugar after a fairly long latent 

Period has been observed in ergotoxinized cats 
when the same operations were performed, 
jollowing decerebration at the colliculo-mamil- 
]ary plane. This long latency precludes the 
Possibility of its being reflex in origin, and 

favours the idea that it is possibly metabolic 
ln nature. The high blood sugar that has been 
observed in Minnitt's case after 5? hours and 
*8 hours also suggests that it is due to metabo- 

disturbance. 
It therefore appears clear that all the rise 

of 

mood sugar observed after operation should not 

?e attributed to effects of the anaesthesia alone, out that the operative interference itself plays 
a fair part in it. 
Summary.?The rise of blood sugar immedi- 

ately after the operation is due to (a) the effect 
?' the anaesthesia, (b) the stimulation of the 

Sympathetic nerve endings due to the operative 
interference and (c) the metabolic activity. 
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